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MOBILITY OF THE FOOT-ANKLE COMPLEX L\ DIABETIC 
NEUROPATHIC PATIENTS 

C. Giacomozzi 1 , E. D'Ambrogi 2 , S. Cesinaro 1 , S. De Simon 2 , V. Macellari 1 , A. 
Casein 2 , L. Uccioli 2 

1 Istituto Superiore di Sanita, Rome, Italy 

2 University of RomeTor Vergara' 

Background and Aims: Peripheral neuropathy induces significant alterations in the 
foot-floor interaction during gait; furthermore, with the increase of neuropathy a'hip* 
ankle strategy replaces an’ankle' strategy. The last phenomenon could be associated 
with limited mobility of the ankle articular complex. The aim of the study is to 
accurately measure the angular excursions of the ankle articular complex in the 
sagittal, transversal and frontal planes. 

Materials and Methods: We evaluated 65 patients: 21 diabetics without neuropathy 
(D), 15 with neuropathy (DN), 16 with previous neuropathic ulcer (DPU) and 13 
healthy subjects (C). For each patient but for DPU patients, the contributions of the 
two legs have been considered as two different cases. For DPU patients, instead, only 
the leg corresponding to the previous ulcerated foot has been included in the study. A 
dedicated instrument (angular resolution 0.05 in the sagittal plane; 0.02 in the 
transversal and frontal planes) has been used for the angular measurements, whose 
peculiarity is to allow the performance of the rotations around each of the three 
anatomical axes separately. The origin of the reference system lies in the intersection 
between the tibial axis (vertical axis) and the medio-lateral axis passing through the 
malleoli. 

Results: A progressive remarkable reduction of dorsal and plantar flexion has been 
found in D, DN and DPU patients (dorsal flexion: 33.42±8.4 for C, 27.80i6.7 for D, 
29.37±6.7 for DN, 26.16+4.9 for DPU; plantar flexion: 38.40±8.2 for C, 35.00+8.2 
for D, 31.34+7.1 for DN, 32.35+4.4 for DPU). Significant reductions of the 
excursions in the other two planes have been found only for DPU patients (excursion 
in the transversal plane: 75.98+19.7 for C, 65.94+22.0 for D, 67.83+16.4 for DN, 
58.98+17.5 for DPU; excursion in the frontal plane: 44.87+10.7 for C, 44.15+13.0 
for D, 45.21+10.5 for DN, 35.77+5.7 for DPU) 

Conclusions: The reduction of the articular mobility of the foot-ankle complex, 
especially in the sagittal plane, confirms the hypothesis of a change in the locomotor 
strategy, which implies a major involvement of the hip joint. 


THE EFFECTS OF AMINOGUANIDINE AND BETA-U-D 
POLYGLUCOSE ON WOUND HEALING IN DIABETES MELLITUS. 


M. Berdal, S. N. Zykova, R. Seljelid and T.G. Jenssen, University of TromsO, Norway 

Background and Aims: Healing of diabetic wounds is delayed, partly by way of 
altered cellular mechanisms in the healing wound, and also possibly because of 
alterations in extracellular matrix proteins due to non-enzymatic glycosylation. Macro¬ 
phages infiltrate the w ound and take part in the inflammatory response by producing 
cytokines like Tumor Necrosis Factor-a (TNF-a), and they also internalize advanced 
glycation end-product (AGE)-modified proteins. The present study was undertaken to 
compare the effects of the glycation inhibitor, aminoguanidine (AG), in the early onset 
of diabetes, and the macrophage stimulating agent, beta-1,3-D polyglucose (BDP), on 
w ound healing, compared to insulin treatment alone and placebo controls. 

Materials and Methods: Cutaneous wounds were established on the back of either 
diabetic (C57Bl-db/db)- or non-diabetic (C57BI-db/+)-mice. Five groups were studied: 
I db/db-mice with placebo wound treatment (n=23, average blood glucose (BG) 32,5 + 
1,4 mmol/1; (SEM). Average HbAic 12,1 + 0,4% (n=15); (SEM). 2 db/db-mice treated 
with insulin s.c. (n=12, BG 18,6+3,2 mm oil, HbAic 7,7+0 ,2 %). 3 db/db-mice given 
AG 0,1% in the drinking water (n=12, BG 31,7 + 1,9 mmol/1, HbAic 13,7+0,3 %). 4 
db/db-mice treated with a combination of insulin s.c. and multiple doses of BDP (n=l 1, 
BG 14,3+2,5 mmol/], HbAic 8,0+0,5 %). 5 non-diabctic control mice without treatment 
(n=15, average BG 8,3+0,5 mmol/1, average HbAic3,9+0,04% (n=7)). 

Results: The LPS-stimulated release of TNF-a from isolated peritoneal macrophages 
w as only 1/8 of that from non-diabetic mice. The percentage reduction in wound area 
after 10 days for group 1-5 w as: 3+2*, 1+1*, 4+1*. 10+2*’ , and 69+3 % (mean+SEM, 
*p<0,05 vs. normal controls, ’p<0.05 vs. diabetic controls). The corresponding results 
after 13 days were: 13+3*, 11+4*, 15+1*, 32+7* 1 , and 87+2 %. 

Conclusions: Macrophage function, as judged by TNF-a release, is impaired in 
diabetes. Neither improved metabolic control nor oral intake of aminoguanidine 
accelerate wound healing in this model. However, topic applications of BDP improve 
wound healing significantly in diabetic mice, despite moderate hyperglycemia. 
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Matrix metalloproteinase and tissue inhibitor of metalloproteinase expression in 
diabetic and venous ulcers 

Edward B. Jude, Alan A. Rogers, Samson O. Oyibo, David G. Armstrong and 
Andrew J. M. Boulton. Dept, of Medicine and Diabetes, Manchester Royal Infirmary, 
Oxford Road, Manchester, UK and Wound Care and Prevention, ConvaTec Global 
Development Centre, Deeside, UK 

Background and Aims: Matrix metalloproteinases (MMP) cause excessive tissue 
breakdown and are regulated in vivo by tissue inhibitor of metalloproteinases (TIMP), 
their natural inhibitors. In venous leg ulcer (VLU), an imbalance between proteolytic 
enzymes and proteinase inhibitors, may be a factor in delayed healing. Little is known 
of the pattern of expression in diabetic foot ulcers (DFU) of MMPs and TLMPs. 
Patients and Methods: Biopsies were taken from the dorsum of the foot of non¬ 
diabetic and diabetic neuropathic subjects and from the edge of VLU and neuropathic 
DFU. Using monoclonal antibodies, we stained frozen tissue sections to investigate 
the expression ofMMPs-1, -2, -8, -9, TLMPs-1 and -2 in normal and diabetic skin (NS 
and DS, respectively), DFU and VLU. 

Results: There was excessive staining for all MMPs and TIMPs in the base of all 
ulcers examined, with MMP-8 and TIMP-2 showing intense staining. MMP-9 
expression was particularly strong within VLU. MMPs-1 and -8 were expressed in NS 
and DS, particularly in epidermal cells. Increased MMP-8 staining was seen in the 
dermis adjacent to DFU and VLU. There also appeared to be increased basal 
epidermal cell staining for MMP-1 and TIMP-2 at the ulcer margins. No TLMP-1 
staining was seen in NS or DS, however, TIMP-2 was located weakly in the dermis 
and along regions of the epidermal-dermal basement membrane. Within the ulcer base 
of DFU and VLU, MMP and TIMP expression was similar. However, at the edge of 
VLU there was enhanced staining of MNfPs-2, -8, -9 and TIMP-1 in the dermis under 
the epidermal leading edge and MMP-2 appeared markedly expressed in suprabasal 
layers of the adjacent epidermis. 

Conclusions: MMP and TIMP expression appears elevated in chronic wounds and 
surrounding skin. Excessive expression of proteinases and their inhibitors may play a 
role in the non-healing nature of chronic wounds by upsetting the proteinase-inhibitor 
balance necessary for healing to occur. 
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PLASMA LEVELS AND PLATELET EXPRESSION OF P-SELECT1N IN 
TYPE 2 DIABETICS WITH FOOT ULCERS 

Fawzy, F., Zanaty, A.F. and Cobran, T.. Internal Medicine Department, 
Zagazig University, Egypt. 

Background and Aims Previous studies have shown that plasma cell adhesion 
molecules including P-selectin are increased in patients with diabetes mellitus. 
The role of these adhesion molecules in platelet activation producing a 
prethrombotic state and contributing to diabetes-related complications was not 
extensively studied. Subjects and Methods We investigated the activated 
platelets with surface P-selectin expression in 20 type 2 diabetics with foot 
ulcers, 20 type 2 diabetics without ulcers and 20 age and sex-matched healthy 
control subjects using flow cytometric analysis of platelet rich plasma. In 
addition plasma P-selectin was estimated using standard immunoassay kits. 
Results Platelet surface P-selectin expression was higher in type 2 diabetics 
with foot ulcers (47.9 + 13.78 positive cells) compared to diabetics without foot 
ulcers and the control (17.6 + 15% and 7.02 + 3.61% positive cells respectively, 
P<0.01). A parelled increase in plasma P-selectin was found in diabetics with 
foot ulcer compared to diabetics without foot ulcers and the control (174.28 + 
28.40 ng/ml vs 129.3 + 16.08 ng/ml and 76.7 + 11.82 ng/ml, respectively, 
P<0.05). Plasma level and platelet expression of P-selectin were significantly 
correlated. Similarly plasma P-selectin correlated positively with the duration of 
diabetes, total cholesterol, triglycerides, 24 h urinary albumin excretion (24 h 
UAE) and peroneal nerve conduction velocity (PNCV), but no significant 
correlation was found between plasma P-selectin and each of glycated 
haemoglobin (HbA,C) and body mass index (BMI). Conclusion We conclude 
that plasma P-selectin correlates positively with platelet surface P-selectin 
expression in diabetics giving a reliable and non-invasive marker of platelet 
activation. Both plasma level and platelet P-selectin expression are markedly 
elevated in diabetics with foot ulcers giving a rational for the early use of 
antiplatelet drugs in the treatment of this group of patients. 
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Expression of Gelatixase (MMP-2) in diabetic and non-diabetic wounds 
R_ Lobmann 1 , A. Ambrosch 2 , G. Schultz 3 , K. Waldmann 1 , S. Schicwcck’, H. 
Lehnert 1 . ’Department of Endocrinology' and Metabolism, 2 Institute of Clinical 
Microbiology (Univ. of Magdeburg), Institute of Wound Research, Dep. of 
OtVGyn, Univ. of Florida 

Background and Aims: Incomplete wound healing and the change from an acute 
to a chronic wound is the focus of attention with wound healing problems in 
diabetic patients. Presious studies demonstrated high levels of pro-inflammatory 
cytokines, high lev els of active proteases, especially matrix meialloprotcinascs 
(MMPs), and low levels of growth factor activity in chronic pressure ulcers. The 
data also show’ that as a chronic wound begins to shift towards a healing wound, 
the pattern of cytokine, protease, and growth factor activity shifts back to the 
levels observed in an acute healing wound. Materials and Methods: In our study 
we investigated the expression of MMP 2 pro and active. We compared the data of 
24 diabetic patients with diabetic foot lesions (DFS), non-diabetic patients with 
chronic pressure ulcer (n=3; UC) and in wound tissue of non-diabetic patients 
with traumatic lesions (n=20, TR). A Five mm punch biopsies were taken from the 
centre of the lesions. After homogenisation (2m!PBS + 1% Tritonx-100) we 
analysed the activity of MMP 2 by zymography (Novcx®). Results: Compared 
with the healthy patients (after injury) MMP-2^ (p^0.041; DFS 157,8 pg/ml ± 
218; TR 54,2 pg/ml ± 75) and MMF-2**, (p=0.033; DFS 102,6 pg/ml ± 180; TR 
17,1 pg/ml ± 8) was significantly increased in diabetic patients. Patients with 
chronic pressure ulcer showed the highest levels of MMP compared with diabetic 
(MMP-2,*,: p-0.007; DFS 157,8 pg/ml ±218; UC 733,4 pg/ml ± 850; MMP-2^ 
p=0.033; DFS 102,6 pg/ml ± 180; UC 394,3 pg/ml ± 414) or post traumatic 
healthy patients (MMP-2p, 0 : p=0.002; TR 54,2 pg'ml ± 75; UC 733,4 pg/ml ± 850; 
MMP-2«*i« p-0.001; TR 17,1 pg/ml ± 8; UC 394,3 pg/ml ±414). Conclusion: 
We found a clear difference for MMP 2 (pro and active) expression between 
chronic (ulcus cruris and diabetic foot ulcers) and non-diabetic traumatic lesions. 
Our data agree with previous studies of chronic pressure ulcers, in that diabetic 
foot injuries often foil to heal because of persistently high levels of MMPs. 
Further studies arc needed to investigate the therapeutic effects of growth factors 
or protcinases inhibitors to prevent the chroniiication of diabetic foot ulcers. 


OP 2 

Oral and Pulmonary Insulin Delivery 

7 

EARLY INTRODUCTION OF ORAL INSULIN IN PATIENTS FAILING ON 
DIET AND EXERCISE, A LONG-TERM EFFICACY STUDY 
P. Modi, S. Schwartz, S. Shade and J. Eton, San Antonio, TX, U.S.A. 

Background and Aims : The UKPDS Study proved that in typc-2 DM glycemic 
control can decrease triopathy. However, it also showed how sulfonylureas (SU) 
and Metformin (Met) foil over time. Insulin is always an option for glycemic 
control in clinic. Needle use is often the limiting factor. The early introduction of 
pain free oral insulin treatment via the RapidMist may improve glycemic control. 
This system is based on the unique liquid aerosol formulation, which allows a 
precise insulin dose delivery in the form of fine aerosolized droplets directed in the 
mouth. The goal of the study was to evaluate the (90 days) efficacy of the low dose 
of oral insulin (7 units, absorbable) in patients failing on diet/exercise to improve 
post-prandial glucose profile and HbAlc. Materials and Methods : In a double 
blind, placebo controlled, randomized study, 33 type-2 diabetic patients failing on 
diet/exercise received oral insulin (7 units) or placebo puffs via the RapidMist 
device. The HbAlc levels were measured every month along with the daily glucose 
profile every week. Results : The table below shows HbAlc profiled at selected 
times 


Time (days) 

0 days 
%HbA!c 

30 days 
%HbA1c 

60 days 
%HbAIc 

90 days 
%HbAlc 

Diet/Exercisc + 

Placebo Puffs 

8.5 

8.4 

8.7 

9.0 

Diet/Exercise + 

Oral Insulin 

9.7 

8.7 

8.1 

8.0 


Conclusions : We conclude that the HbAlc levels significantly improved (1.7%, 
p<0.0001) in the group receiving low doses of oral insulin when compared to the 
controlled group, where HbAlc levels worsened (up by 0.5%, p<0.1638). This 
preliminary result showed that Oralin could be used in diet and exercise failure 
patients to achieve better control of glucose levels. The trials are in progress to 
cot firm the long-term efficacy and improved control. 
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THE END-STAGE DIABETIC AMPUTATED LEG: A SYNDROME OF 
TIBIAL ATHEROSCLEROSIS, MEDIAL CALCIFICATION AND AXONAL 
NEUROPATHY WITH RELATIVE SPARING OF THE FOOT ARTERIES 

M.E. Edmonds, A Foster. R. Edmondson *, S. Fraser *, W. Murphy** and J. 
Salisbury ** 

King's Diabetes Centre, King's College Hospital, London, UK 

* Vascular Unit, King's College Hospital, London, UK 

** Department of Histopathology, King’s College Hospital, London, UK 

Background and Aims: Amputations in diabetic patients continue to be a major 
source of morbidity. The aim of this study was to quantitate plaque formation, medial 
calcification and thrombosis in tibial and foot arteries and axonal fibre loss in sural / 
tibial nerves in amputated legs. 

Materials and Methods: The amputated legs of 55 diabetic patients (65410 years - 
Mean age 4 SD) and 40 non-diabetic control patients ( 70±14 years) were studied. 
Blocks were dissected out containing the tibial arteries (posterior tibial and anterior 
tibial arteries) and foot arteries (dorsalis pedis, medial and lateral plantar arteries) and 
sural and tibial nerves Plaque formation, medial calcification, thrombosis and axonal 
fibre loss was scored from 0-3. 

Results: Medial calcification was significantly increased in the diabetic tibial arteries 
at 1.8141.13 compared with 0.4140.80 in controls (p<0.001). Plaque formation was 
similar in diabetic tibial arteries compared with the controls, 2.40F1.18 versus 
2.1440.88 as was thrombosis 0.8U0.87 versus 1.1941.14. Mean axonal fibre loss 
was 2.8740.23 in diabetic patients compared with 0.2940.55 in controls (p<0.001). 
Finally plaque formation was significantly increased in the tibial arteries compared 
with the foot arteries both in diabetic patients, 2.4041.18 versus 0.8141.02 (p<0 001) 
and in the controls 2.1440.88 versus 0.69±0.84 (p<0.001). 

Conclusions: The diabetic amputated limb is characterised by atherosclerotic plaque 
and medial calcification in the tibial. arteries closely associated with axonal 
neuropathy which could be important in its pathogenesis. The foot arteries of both 
diabetic and control patients were relatively spared and maybe more suitable than the 
tibial arteries for distal bypass. 


8 

INTENSIVE THERAPY AND PATIENT SATISFACTION IN TYPE I DIABETES: 
A RANDOMIZED TRIAL OF INJECTED VS. INHALED INSULIN 
M. A. Testa, R. R. Turner, J. F. Hayes and D. C. Simonson, Harvard University, 
Boston, MA, United States 

Background and Aims: Despite strong evidence demonstrating its health benefits, 
aggressive insulin therapy requiring multiple daily injections (MDI) has been slow to 
gain acceptance. To quantify the burden of MDI in terms of patient satisfaction and 
quality of life we studied 327 patients with type 1 diabetes randomized to twice-daily 
NPH insulin plus either pre-meal Regular insulin injections, n = 165 (MDI) or pre¬ 
meal inhaled insulin, n = 162 (INH). Materials and Methods: Patients were 53% 
male, aged 12-65 yrs (mean age 29.5414.6 >ts), and had mean HbA lc =8.04l.0%. 
Quality-of-life and satisfaction questionnaires were completed at baseline and 6, 12, 
20 and 24 weeks after treatment. Results: The Overall Satisfaction score (scaled 0 to 
100) improved substantially more for INH from baseline to endpoint (62.1 to 74.5) 
than for MDI (62.8 to 64.3), p<0.0001. Changes from baseline to endpoint for all 
satisfaction subscales (0 to 100) showed similar improvements for INH as compared 
to MDI. INH changeiSE vs MDI changetSE were: advocacy (16.342.0 vs 0.241.7); 
burden (9.941.3 vs 2.34J.0); convenience (12.641.6 vs 1.241.1); efficacy (13.941.7 
vs 2.941.5); flexibility (12.241.4 vs 1.641.3); general satisfaction (18.342.2 vs 
0.341.6); pain (14.241.5 vs 0.841.2); preference (27.442.1 vs 1.741.5); side effects 
(3.441.2 vs -2.6±1.2), all p<0.0001; hassle (9.741.2 vs 4.441.2); life interference 
(9.8±l.2 vs 5.141.2); social (1.440.8 vs -0.940.7); and insulin-specific satisfaction 
(9.741.7 versus 0.841.1), all p<0.01 to 0.03. The overall quality-of-life scale and 
subscales of behavioral and emotional control, general and h>perg!ycemic symptom 
distress, overall cognition, mental acuity and awareness also improved more 
favorably for INH as compared to MDI, all p < 0.01 to 0.05. Treatment differences 
could not be completely explained by HbA| C decreases from baseline [INH 
(0.340.06%) vs MDI (0.1±0.07%), p=0.08J. Conclusions: Reducing the number of 
injections by using inhaled insulin improves patient satisfaction and quality of life, 
thereby reducing therapeutic burden and adherence barriers to intensive therapy. 
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PULMONARY DELIVERY OF INSULIN USING THE AERX™ INSULIN 

diabetes management system in healthy and asthmatic 

SUBJECTS. 

R. Henry 1 , S. Mudaliar*, W. Howland IIl\ N. Chu*, D. Kim*, B. An c , and R. 
Reinhardt 6 ; 'San Diego, California; b Austin, Texas; ‘Princeton, New Jersey, USA 
Background: The AERx™ iDMS (insulin Diabetes Management System) is a 
potential diabetes treatment option for delivery of a liquid aerosol of human insulin 
to the deep lung for systemic absorption. Methods: The PK, PD, and safety of 
pulmonary insulin were compared in 28 healthy (H) and 16 asthmatic (A) (FEVI 
50*80%) subjects in a 3-period, open-label trial. The same single inhalation dose, 
equivalent to approximately 6 subcutaneous units of human insulin was given in the 
first two periods and an insulin dose equivalent to approximately 17 subcutaneous 
units was given in the third period to assess safety and pulmonary function. 

Results: Insulin AUC was significantly higher for healthy than for 

asthmatic subjects (p=0.013), w hereas no difference was observed for C miA (see 
Table). Greater reduction in serum glucose (indicated by AOCjo-3Mn.ii.>) was 
observed in healthy subjects (p=0.007). No significant changes in FEVI, FVC, and 
FEV1/FVC were found from pre- to post-dose and no other safety issues arose. 
Conclusions: Asthmatic subjects absorbed less insulin than healthy subjects, 
resulting in less reduction of serum glucose. No effects on airway reactivity were 
observ ed, even when the higher dose was given. 

Table. PK and PD Parameters of Pulm onary Insulin (Mean(SD)) 


Parameter 

H (N=28) 

A (N=16) 

p value 

H/A 

90% C.l. 

Insulin AUC (0 . 36 oj 
( pM*min*kg) 

1.4xl0 6 (7.5xl0 ! ) 

1.Ix10 s (6.4xI0 ! ) 

0.013 

1.58 

1.13-2.21 

Insulin C m « 
(pM*kg) 

9.9x10 ! (5.7x10 ! ) 

8.3xlO J (5.4xlO’) 

0.094 

1.25 

0.95-1.65 

Glucose AOC ( o. 560 ) 
(mg/dL*min) 

4.9xI0 , (2.2xI0 ! ) 

3.4xl0(1.7xl0 ! ) 

0.007 

1.40 

1.12-1.74 
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IMPACT OF PARTICLE SIZE AND AEROSOLISATION TIME ON THE 
METABOLIC EFFECT OF AN INHALED INSULIN AEROSOL 
L. Heinemann*, C. Kapitza*, T. Heise*, D-A. Shapiro*, V. Gopalakrishnan* and R. 
S. Fishman . *Profil, Neuss, Germany, *Aerogen, Inc., Sunnyvale, CA. 

Background and Aims: We investigated the metabolic effect of inhaled insulin 
(IN'H) administered by the Aerodose™ Inhaler with 2 particle sizes (fine (F) vs. very 
fine (VF), both <3 /fm, mass median aerodynamic diameter) and 2 aerosolisation 
times (drug release for the first 2 or 4s per 5s inhalation). Materials and Methods: 
Thirteen healthy volunteers (non-smokers, 31±6 years (mean±SD)) completed this 
euglycaemic glucose clamp study (180 min baseline, clamp level 5.0 mmol/L, conti¬ 
nuous i.v. insulin infusion at 0.15 mU/kg/min). Subjects received 0.15 U/kg regular 
insulin s c. (SC) on the first study day, and 1.5 U/kg INI! (VF/2s. VF/4s, F/2s, or 
F/4s) on the following four study days. Glucose infusion rates (GIR) were registered 
for the subsequent 360 min. Results: The longer (4 vs, 2s) aerosolisation time resul¬ 
ted in significantly higher maximal metabolic action (GIR^), total metabolic activi¬ 
ty (AUCo-360min) and relative biopotency (treatments VF/4s+F/4s vs. VF/2s+F/2s, 
p<0.05). The VF particle size showed higher values for AUCV^,, and relative 
biopotency vs. the F panicle size, but this did not reach statistical significance. Time 
to half-maximal action (early tciRso-i) values were shorter for INH vs. SC (p<0.05. 
except for VF/2s). Time to maximal action (tci Rnui ) trended similarly (p<0.1 except 
for VF/2s). Aerosolisation time and panicle size did not affect early touyo* or totRmm- 
No drug- or device-related adverse events were observed. Conclusions: Aerosolisa¬ 
tion time, but not the difference in panicle size studied, had a significant impact on 
the metabolic effect elicited by inhaled insulin, allowing rational selection of delive¬ 
ry parameters for subsequent trials. Based on the observed biopotency and rapid 
onset of action, the Aerodose Inhaler shows significant promise for covering prandial 
insulin requirements. 


Treatment 

sc 

VF/2s 

VF/4s 

F/2s 

F/4s 

GIR m ,, (mg/ke/min) 

8.0±2.7 

7.2±2.4 

8.4±2.6 

6.6±2,4 

8.1+3.6 

Early tr,. Rwt (min) 

61±29 

46±80 

34±30 

33±20 

30+17 

tciRnux (min) 

175±69 

158±91 

I32±72 

127±54 

128+55 

AUC 0 ., 60 o,n (?/kg) 

1.9+0.5 

I.8±0.6 

2.1 ±0.9 

I.6±0.7 

2.0+0.9 

Biopotency {9c) 

— 

10±2 

12±4 

8±3 

11±4 
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TIME-ACTION AND DOSE-RESPONSE PROFILES OF INHALED INSULIN 
USING THE SPIROS* DRY POWDER INHALER 

R. P. Aftring, C. Gonzales, K. Mace, E. Phillips, and J. Y. Chien. Eli Lilly & Co., 
Indianapolis, IN, USA. 

Aims: This study investigated the pharmacokinetics, glucodynamics, safety and 
tolerability of human insulin in healthy volunteers using the Spiros® dry powder 
inhaler (DPI), a breath-actuated, palm-si 2 ed pulmonary drug delivery system. 
Materials and Methods: This was an open-label randomized crossover trial 
conducted in 26 healthy, 21 to 55 year-old, nonsmokers with normal pulmonary 
functions. Subjects were administered 2 doses of human insulin inhalation powder, 
chosen from'2,3,4 or 5 inhalations, and 2 doses of subcutaneous (SC) regular 
human insulin (U100), chosen from 8, 12, 16 or 20 U. on separate visits after a 10 
hour fast. Total immunoreactive serum insulin (IRI), C-pcptide, and glucose 
requirements following inhaled human insulin were evaluated during a euglycemic 
clamp procedure. 


Results: Mean IRI and glucose requirements peaked earlier following inhalation 
than after SC insulin. The duration of action, glucose requirements, and dose- 
response relationships were comparable between the two routes of administration. 
Suppression of C-peptide was observed throughout the duration of insulin action. 
Both insulins were well tolerated. No clinically significant effects of insulin 


inhalation were observed on pulmonary function (FEVi and FVC). 


Glucose Infusion Rates 
Inhaled vs. SC 

Serum IRI 

Inhaled vs. SC 

Scrum C-pcptidc 
Inhaled vs. SC 
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Conclusions: Oral inhalation of human insulin via the Spiros® DPI is a promising 
alternative method for administration of human insulin. 


SMOKING INCREASES THE BIOAVAILABILITY OF INHALED INSULIN, BUT 
RELATIVE R4SULIN RESISTANCE AMELIORATES DIFFERENCES IN ACTION 
S. D. Wise, K. Sathirakul, K. P. Yeo, 3. Y. Chien, and R. P. Aftring. 

LiI!y-NUS Centre for Clinical Pharmacology, Singapore and Eli Lilly Co., USA. 
Alms: Smoking may impact bioavailability of inhaled drugs. Previous studies have 
shown that smokers experience increased absorption of nebulized insulin. A study was 
performed with Inhaled insulin administered by the Spiros DPI system to investigate 
impact of smoking on pharmacokinetic (PK) and pharmacodynamic (PD) profiles. 
Materials and Methods: The euglycemic clamp was used to define the time-action 
profile of subcutaneous regular (SC) and human insulin inhalation powder (HUP) in 2 
groups cf 8 healthy non-diabetic non-smoken (NS) and smokers (S) within an hour of 
cigarette use. A crossover design was used in which each subject received each 
treatment on 2 occasions. Doses were 12U SC and 2.31 mg H IIP emitted from the 
inhaler. PK parameters were calculated from serum insulin vs time, PD parameters 
from glucose infusion rate vs time. 

Results: Matched subjects 23+ LSyrs with BMI cf 22.5±2kg/m2. SC insulin profiles 
were consistent with historical data. Total insulin systemic exposure was greater in S 
and the parameter, G^/AUC ratio was significantly lower for S following both routes of 
administration, suggesting relative insulin resistance. 

PK #ft«r inha’rtion PD «*tir Inflation 




Conclusion: Insulin absorption across the lung was enhanced In S. S effect on PD was 
less pronounced than PK. This may be related to relative insulin resistance 
ameliorating the response to greater peak insulin after inhalation in smokers. These 
factors should be considered in determining dosage regimens of inhaled insulin in 
smokers. 
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BROWN ADIPOSE TISSUE-SPECIFIC INSULIN RECEPTOR KNOCKOUT 
MICE FED ON HIGH FAT DIET SHOW OBESITY AND DIABETES 
PHENOTYPE. 

M. Benito, P. Navarro, M. Arribas, A. M. Valverde, C. Mur and R. Kahn*. 
Departamento de Bioquimica y BioJogia Molecular, Facultad de Farmacia, 
Universidad Complutense, Madrid-28040, Spain and *Joslin Diabetes Center, 
Harvard Medical School, Boston, MA-02215, U.S.A. 

Background and Aims: Type 2 diabetes (NIDDM) is a polygenic disease 
characterized by defects in both insulin secretion and insulin action. Among the 
insulin resistance candidate genes, insulin receptor (IR) has met a special clinical 
relevance. Mice with a global knockout of the IR die within 4-5 days after birth. 
However, several tissue-specific IR knockout mice are viable and show several 
phenotypes. 

Material and Methods: We have generated mice with brown adipose tissue-specific 
insulin receptor knockout (BATIRKO), crossing mice expressing Cre under the 
uncouplin protein I (UCP-1) promoter and LoxP-LoxP-IR. 

Results: At 6 months of age, BATIRKO mice had interscapular brown adipose tissue 
(IBAT) about 25% of normal size. However, the white fat mass/body weight ratio 
remained unaltered throughout development, under standard diet. Brown fat atrophy 
is accompanied by a significant decrease of b-cell mass (by 40%) and an a severe 
insulin secretion defect, resulting in fasting hypoinsulinemia and hyperglicemia and 
also glucose intolerance in response to IP glucose, without hyperlipemia. However, no 
insulin resistance was found in BATIRKO mice. Male BATIRKO mice fed on 
standard diet (3 Kcal/g) for 23 weeks increased body weight by 25% versus controls 
(15%). However, male BATIRKO mice fed on high fat diet (4.8 Kcal/g) for 23 weeks 
significantly increased body weight by 36% versus controls (21%). Under high lipid 
diet, male BATIRKO mice show insulin resistance without a compensatory insulin 
secretion (hypoinsulinemia versus hypcrinsulinemia in the controls), resulting in a 
severe glucose intolerance. 

Conclusions: This model provides evidence for a novel role of brown fat in the 
regulation of insulin secretion and glucose homeostasis, and also in the body weight 
control. 
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OVEREXPRESSION OF HORMONE-SENSITIVE LIPASE IN BETA-CELLS 
RESULTS IN BLUNTED GLUCOSE STIMULATED INSULIN SECRETION 
AFTER FEEDING MICE A HIGH-FAT DIET 

M. S&rhede Winzell, IL Svensson, S. Enerback, B. Ahren and C. Holm. Dept of Cell and 
Molecular Biology, Lund University, Dept of Molecular Biology, Gsteborg University, 
Dept of Medicine, Lund University, Sweden 

Background and Aims: Hormone-sensitive lipase (HSL) is expressed and active in 
pancreatic beta-cells. Since HSL hydrolyze intracellular triglycerides in adipose tissue, it 
is possible that HSL in beta-cells is involved in the production of a lipid-derived signal 
that seems necessary for optimal glucose stimulated insulin secretion (GSIS). The 
importance of HSL and lipids for beta-cell function was therefore examined using 
transgenic mice overexpressing HSL specifically in beta-cells. Material and Methods: 
Transgenic mice were generated using adipocyte HSL cDNA together with the rat insulin 
promoter II on a C57BL/6J genetic background Several lines were identified and in this 
study, a line with 80-fold overexpression of IISL was phenotyped Body weight and 
circulating glucose, insulin, leptin and free fatty acids (FFA) were examined in transgenic 
(tg) and wild-type littermates (wt) in the F2 generation. To study beta-cell performance, 
glucose (IVGTT, 1 g/kg) or arginine (0.25g/kg) was injected intravenously. Animals were 
fed either a standard diet or a high-fat (58%) diet Results: There were no differences in 
basal circulating glucose, insulin, leptin or FFA during feeding the standard diet IVGTT 
displayed no significant difference regarding glucose tolerance or insulin levels in tg mice. 
However, after feeding a high-fat diet for 1-2 months, tg mice showed impaired glucose 
tolerance with a blunted insulin response upon IVGTT, with an acute (1-5 min) insulin 
response (AIR) of -857±385 pmol/1 in tg males and 1714±985 pmol/I in wt males 
(p<0.05). The low insulin response was reflected by elevated plasma glucose (wt 
33.3±0.5mmoI/l, tg 37.4±0.5 mmol/1 (p<0.01) at 5 min) throughout the 75 min experiment 
After 3-4 months of high fat feeding tg mice were hyperglycemic (male wt 9.6±0.6 mM, 
male tg 13.0±0.8 mM, (p<0.05), female wt 4.0±0.3 mM, female tg 13.7±1.9, (p<0.05)). Iv 
arginine resulted in a normal insulin response with no significant differences between wt 
and tg mice. Conclusions: Mice with 80-fold overexpression of HSL in beta-cells grow 
and develop normally. The mice displayed a normal GSIS when fed a normal chow, 
whereas when fed a high-fat diet, tg mice had a blunted insulin response compared to wt 
mice. This was associated with impaired glucose tolerance. In contrast, the insulin 
response to arginine challenge was not affected by HSL overexpression. The study 
therefore suggests that HSL and beta-cell lipids are of importance for the adaptive GSIS in 
insulin resistance. 
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Insulin Regulation of Regional Lipolysis in Obese and Lean Humans. 

S. Nielsen, M.D. Jensen. Mayo Clinic, Endocrine Research Unit, Rochester MN 
55901, USA. 

Background and Aims: Visceral obesity is associated with insulin resistance with 
respect to antilipolysis. Whether this insulin resistance is primarily located in visceral 
adipose tissue has not been determined. 

Materials and Methods: We, therefore, measured systemic and regional palmitate 
release ([3H]paJmitate) in lean men and women (BMI 23.7 ±0.8 and 22.2 ±0.9 kg/m2; 
visceral fat 88 ± 19 and 26 ± 5 cm2) and upper body obese men and women (BMI 
32.7 ±1.4 and 34.9 ±0.7 kg/m2; visceral fat 214 ± 28 and 115 ± 15 cm2) (n=7 in each 
group) under basal conditions, during low-dose and high-dose insulin infusion using 
the euglycemic clamp technique. 

Results: Basal palmitate flux was somewhat greater in obese men than lean men (158 
±18 vs. 127±17 pmol/min, P=0.12), and greater in obese women than lean women 
(265±29 vs. I77±20 pmol/min, P<0.05). A progressive suppression of palmitate flux 
was observed in each group with the higher insulin doses. During the high-dose 
insulin infusion palmitate release was greater in obese men than lean men (34±6 vs. 
20±2 pmol/min, P<0.04), and in obese women than lean women (45±12 vs. 29±8 
pmol/min, P=0.15). In the face of marked suppression of systemic palmitate release 
during the high-dose insulin infusion, there was a significant increase in the percent of 
systemic palmitate release that originated from the splanchnic bed in each group. 
There were no significant differences in the proportion of systemic palmitate 
originating from the splanchnic bed between groups (lean women 18±3%, obese 
women 30±13%, lean men 25±6%, obese men 24±2%), however. Leg palmitate 
release was not significantly different between groups, indicating that upper body 
nonsplanchnic adipose tissue remained the major difference between systemic FFA 
delivery in obese vs. lean humans. 

Conclusions: Although there is insulin resistance with respect to suppression of 
lipolysis in upper body obesity, this does not primarily originate from visceral adipose 
tissue. Resistance to the antilipolytic effects of insulin in the upper body subcutaneous 
adipose tissue depot is the main source of elevated FFA in visceral obesity. 
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SURPRISINGLY SEVERE INSULIN RESISTANCE IN THE ADIPOSE TISSUE 
OF HI\-INFECTED CHILDREN WITH LIPOHYPERTROPHY 

M. Bcregszaszi 1 , M. Levine 2 , E. Ortega 1 ,V. Baltakse 3 , M. Polak 1 and C.Levy-Marchal! 
INSERM Unit 457 1 , Dept, of Immunology 2 , Pediatric Clinic 3 , Robert Dcbrc Hospital, 
Paris. France. 

Background: The lipodystrophic syndrome, which associates redistribution of adipose 
tissue (AT) with insulin resistance and dyslipidaemia, prevails in HIV-infccted children 
as in adults. The aim was to assess in situ insulin sensitivity of AT with 
Iipohypcrtrophy (LH+) using the microdialysis technique in HIV-infccted childrea 
Materials and Methods: Insulin sensitivity, assessed by the inhibition of glycerol 
release in the abdominal subcutaneous AT, was measured during OGTT in 5 children 
with abdominal H1V/LH+ (supra-iliac skinfold thickness > 97* perc.), in 5 healthy- 
obese children matched for sex and pubertal stage, and in 10 HIV-infccted children 
without lipodystrophy (H1V/LD-). Results: (meaniSD) 



Obese 

HIV/LH+ 

HIV/LD- 

P * 

Age (years) 

10.7±1.7 

I2.0±4.5 

9.1±1.9 

ns 

Protease Inhibitor Treatment (n) 

- 

4 

9 

ns 

CD4 (cclls/mm 3 ) 

- 

691±441 

805±329 

ns 

Supra-iliac skinfold thickness (mm) 

33.7±6.4 

19.3±15.4 

6.9±2.4 

0.001 

Percent Fat Mass (%) 

37.8±5.0 

22.8±10.9 

18.8±5.4 

0.008 

NGT during OGTT (n) 

5 

5 

10 

ns 

Fasting Scrum Insulin (jaU/ml) 

8.0±3.2 

6.2±4.5 

2.6±1.5 

0.009 

Fasting Plasma Glycerol (pmol/I) 

106±25 

59±38 

72±34 

ns 

TiyrOGTT-Scrum Insulin (p.U/ml) 

54.2±37.I 

54.7±47.7 

19.1±9.1 

0.049 

Dialysate Ratio Glycerol T^-To 
/ Glycerol T 0 (%) 

“44±11 

-41±12 

-54±17 

ns 

% AGlyccrol Tj^-Tq /Insulin T 120 

-1.2±0.8 

-1.1±0.7 

«3.4±2.1 

0.008 


*: p values for non-paramctric tests (3 groups) 

In situ insulin resistance of AT was measured as high in HIV/LH+ as in obese children 
despite a two-fold less skinfold thickness and basal lipolytic activity. Conclusions: 
These data argue in favour of profound changes not only in the morphology- but also in 
the function of adipose tissue in lipodystrophies associated with HIV infection. 
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Effects of short term dietary intervention on intramyocellular lipid content 
(IMCL) and Insulin Sensitivity (IS) 

O.p. Bachmann, K. Brechtel, D.B. Dahl, J. Machann, M. Haap, H. Gnipp, D. Ganter, 
F. Schick ,C. Claussen, H.U. Haring and S. Jacob 

Department of Endocrinology and Metabolism, University of Tubingen, Germany. 
Department of Clincal Radiology, University of Tubingen, Germany. 

Background and Aims: An increased IMCL content as quantified by 1H-MR- 
spectroscopy (MRS) has been found to be associated with reduced insulin sensitivity. 
These IMCL seem to be rapidly regulated as one single bout of exercise decreases 
IMCL, while the combination of hyperinsulinemia and elevated circulating levels of 
free fatty acids increases IMCL within 4 hours. A high fat intake has been found to be 
associated with high risk for type 2 diabetes mellitus. Bessesen et a! recently showed, 
that a major part of orally given labelled 14C oleate is stored in the skeletal muscle as 
TG, indicating an important role of skeletal muscle in the trafficking of dietary fat. 
Materials and Methods: To observ e the effects of a short term dietary intervention 
(3 days) on IMCL and IS we examined 12 male, healthy, lean subjects. After three 
days of a standard mixed diet, IMCL was quantified by 1H-MRS after an overnight 
fast in the red soleus muscle and the mixed tibialis anterior muscle. In addition IS was 
quantified by euglycemic-hyperinsulinemic glucose clamp (GIR ml/min kg). The 
measurements were done at baseline and after three days of a hypercaloric diet (HC: 
57,6% fat;32,3 % CHO;13 % protein; 2782 keal/day) and at baseline and after three 
days of normocaloric diet (NC: 21 % fat; 63,3 % CHO, 16,7 % protein; 2015 
keal/day). Results are presented in % change from baseline. 

Results: LMCL varied over a wide range. After three days of hyper caloric diet LMCL 
was significantly (*p<0,05) increased in the tibialis ant. muscle (+48,0%), while IS 
was significantly (*p<0,05) decreased by 16,7%. In contrast we observed no relevant 
changes in LMCL and IS after three days of a normocaloric diet. 

Conclusions: Therefore these data indicate that a hypercaloric diet decreases IS and 
profoundly influences the formation of IMCL. 

After 3 days of NC After 3 days HC 


IMCL soleus (%) 

+7,8 

+14,4 

IMCL tibialis ant.(%) 

-10,1 

+48,0* 

GIR (%) 

+3,2 

-16,7* 
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Epidemic Glucose Intolerance in Australia 

J.E. Shaw, D.W. Dunstan, P.Z. Zimmet, A.J. Cameron, M.P. de Courten, T.A. 
Welbom on behalf of the AusDiab Steering Committee. International Diabetes 
Institute, Melbourne and Sir Charles Gairdner Hospital, Perth, AUSTRALIA 

Background and Aims: Diabetes is a growing public health problem around the 
world. However, there are few national population based prevalence data, especially 
in developed countries. The Australian Diabetes, Obesity and Lifestyle (AusDiab) 
study w’as carried out to provide the first ever national estimates of the prevalence of 
diabetes and other states of glucose intolerance in Australia. 

Materials and Methods: Adults aged 25 and over residing in 42 randomly selected 
cluster areas across the country were invited to participate between May 1999 and 
December 2000. Participants attended a local survey site for a physical examination 
including a standard 2-hour 75g-g oral glucose tolerance test. Classifications were 
made using 1999 WHO diagnostic criteria. Results were weighted to the Australian 
1998 population, using census data. 

Results: 11,247 adults took part, representing a 55.3% response rate of the total 
eligible population. The prevalence of diabetes w'as 7.5% (men - 8.0%, women - 
7.0%). The prevalence rose from 0.3% among those aged 25-34 to 23.6% in those 
aged 75 and over. The prevalence of undiagnosed diabetes (3.8%) was as high as that 
of previously diagnosed diabetes (3.8%). Impaired glucose tolerance was more 
common in women than men (12.0% vs 9.2%), but impaired fasting glucose was more 
common in men than women (8.1% vs 3.3%). In total, 23.8% (men - 25.3%, women 
- 22.3%) of Australians aged 25 years and over had diabetes or impaired glucose 
metabolism. 

Conclusions: This study shows that almost 1 in 4 Australian adults have diabetes or 
impaired glucose metabolism. This is one of the highest recorded prevalences in the 
developed world, and indicates the urgent need to address the relevant public health 
issues. 
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Normalisation of muscle triglycerides stores and insulin resistance by L-Arginine 
in sucrose-fed rats. 

F. Marches!, LD. Monti, G. Valsecchi, F. Magni, M. Gaili-Kienle, G. Pozza, PM. 
Piatti. IRCCS H. San Raffaele, Milan, Italy. 

Background and Aims: Intracellular triglyceride (TG) is an important energy source 
for skeletal muscle. However, recent evidences suggest that elevated tissue TG stores 
are strongly associated with insulin resistance. Moreover, impaired nitric oxide 
activity and endothelial dysfunction have been demonstrated in the presence of 
increased TG levels. Aim of the study was to evaluate the effects of L-arginine, a 
precursor of nitric oxide, on muscle TG stores and metabolic parameters in a rat 
model of insulin resistance. 

Materials and Methods: Experiments were performed on male Sprangue-Dowmley 
rats. All rats were fed for I week with a control chow (CT) diet. After this period of 
acclimatization, 16 rats continued on the CT diet, 12 rats were switched to a sucrose- 
enriched (SU) diet, containing 68% sucrose, 20% protein, 12% lipid and 8 rats were 
switched to a sucrose plus L-arginine (1.25 gr/day) enriched diet (SU+ARG), for 8 
weeks. Fasting samples were withdrawn for the assay of metabolic parameters while 
intracellular TG were measured on soleus muscles by Gas Chromatography and 
Mass-Spectrometry. 

Results: After 8 weeks of SU diet, rats presented all the metabolic features of the 
Insulin Resistance Syndrome since significant increases of body weight (519±8 vs 
388+2 g; p<0.0001; SU vs CT respectively), retroperitoneal fat (23+1 vs 6+1 g, 
p<0.0001), blood glucose (109+29 vs 69+1 mg/dl; p<0.05), serum insulin (173+62 vs 
46+10 pmol/1; p<0.05), serum triglycerides (116+22 vs 53+4 mg/dl; p<0.005) and 
nitric oxide levels (8.5+0.8 vs 3.0+0.2 pmol/1; p<0.0001) were demonstrated. In 
addition, a three fold increase of intramuscolar TG was observed (2510+557 vs 
876+77 nmol/ g tissue; p<0.0033). SU+ARG diet normalised intramuscolar TG 
(749+142 nmol/ g tissue), serum TG (44+13 mg/dl), blood glucose (76+5 mg/dl) and 
serum insulin (50+8 pmol/1). Moreover, a significant decrease of body weight (478+7 
g), retroperitonel fat (15+2 g) and nitric oxide (6.2+0.2 pmol/1) was observed. 
Conclusions: l-arginine is able to normalise muscle TG stores and to revert insulin 
resistance in sucrose-fed rats and might be an useful tool in the treatment of Insulin 
Resistance Syndrome. 
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It is possible to reduce the number of OGTT by 60% using a stepvise screening 
strategy combining HbAlc and fasting plasma glucose compared to WHO’s 
screening strategy. 

C. Gltimer(2,l) T. Jorgensen(l), K. Borch-John$cn(2), (l)Copenhagen County Centre 
for Preventive Medicine, (2)Steno Diabetes Center. 

Background and AimsrThe prevalence of type 2 diabetes is increasing in Denmark. 
The proportion of undiagnosed type 2 diabetes in the younger age groups is 2/3 of all 
individuals with diabetes; this indicates the need for screening of the disease. WHO 
recommend that all individuals with impaired fasting glucose (IFG) undergo an 
OGTT. The oral glucose tolerance test (OGTT) is inconvenient as a screening 
method. It has a poor reproducibility, the persons have to be fasting, and it is time 
consuming. The purpose of this abstract is to dev elop a screening model combining 
HbAlc and fasting plasma glucose that can reduce the use of OGTT compared to the 
stepwise screening strategy recommended of WHO. 

Materials and Methods: A population-based sample of 13.000 individuals aged 30 to 
60 years living in Copenhagen County are invited. This abstract is based on 
preliminary results based on 3225 participants (139 newly diagnosed individuals with 
diabetes (NDM), 3086 with normal glucose tolerance (NGT), individuals with known 
diabetes was excluded). 

Results: The sensitivity and specificity of WHO’s stepwise screening strategy are 79, 
100% respectively. 

We have developed a model where the first step is HbAlc *5.6 % (75% of the 
population) subsequently the fasting plasma glucose dividing individuals in NGT 
(FPG<6.1 mmol/1), DM (FPG 3 7.0mmoI/l), and IFG (FPG6.1-6.9nunol/l). Finally 
Individuals with IFG are combined with HbAlc 3 6.1%. The sensitivity and 
specificity are 7 land 94% respectively. This model reduces the need of OGGT from 
416 to 201 (12% - 6% in the population). 

Conclusions: HbAlc is an easy method; the individual docs not have to be fasting. 
Using a stepwise screening where the HbAlc as the first step reduces the number of 
individuals that have to be fasting with 25%. It is possible to reduce the number of 
OGTT with 50% by using a stepwise screening strategy including HbAlc and FPG 
in special combinations. It is likely that the sensitivity' will increase if this model is 
implemented in a high risk population detected by a questionnaire. 
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GROWTH IN INFANCY AND CHILDHOOD AND TYPE 2 DIABETES IN 
ADULT LIFE 

JG Eriksson, T Forsen, J Tuomilehto, C Osmond and DJP Barker. National Public 
Health Institute, Helsinki, Finland and Medical Research Council, Southampton,UK 

Background and Aims: Low birth weight is associated with increased rates of type 2 
diabetes in later life. This is thought to be a consequence of persisting physiological 
and metabolic changes that accompany slow growth in utero. Furthermore, both 
childhood and adult obesity are important risk factors for type 2 diabetes. The aim of 
this study was to examine growth during infancy and early childhood among persons 
who develop type 2 diabetes. 

Materials and Methods: Men (n=4630) and women (n=4130) who were bom in the 
Helsinki University Central Hospital during 1934-44, and who attended child welfare 
clinics in the city participated in the study. Each individual had on average 18 
measurements of height and weight between birth and twelve years of age. Detailed 
birth and child welfare records were available for all 8760 participants. 

Results: We identified 208 men and women who developed type 2 diabetes. Low 
birth weight and low ponderal index (birthweight/length3) were associated with 
increased risk of type 2 diabetes. Low weight (p=0.019), and body mass index at two 
years of age (p<0.001) also increased the risk. After the age of 7 years rapid gain in 
weight and body mass index increased the risk of type 2 diabetes. The cumulative 
incidence of type 2 diabetes was positively and strongly associated with BMI at age 
11 years (p<0.001) among both men and women. 

Conclusions: This study shows that, irrespective of size at birth, low weight gain 
during infancy is also associated with increased risk of the disease. Furthermore, after 
7 years of age, rapid weight gain and higher BMI in childhood is associated with 
further increase in risk of type 2 diabetes. 
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IDENTIFICATION OF SUBJECTS WITH ISOLATED POSTLOAD 
HYPERGLYCAMLA. THE HOORN STUDY 

JM. Dekker, G. Nijpels, F. de Vegt, C.D.A. Stehouwer, L.M. Bouter, RJ. Heine. 
Institute for Research in Extramural Medicine, Vrije Universiteit medical centre, 
Amsterdam, The Netherlands 

Background: There is ample evidence that the postload glucose level (2 hours after 
a 75- g oral glucose tolerance test) is a better predictor for mortality than fasting 
glucose. Because in clinical practice glucose testing is not feasible, fasting glucose is 
used for the diagnosis of diabetes and impaired glucose tolerance is not detected. 
Consequently, about half of the persons w ith chronic hyperglycaemia and elevated 
risk will be missed. We studied strategies for the identification of persons with 
elevated postload glucose and non-diabetic fasting glucose. 

Methods: In the Hoorn Study, a population based study, 2259 subjects aged 50-75 
without known diabetes and fasting glucose < 7.0 mmol/1 had a 75 g glucose 
tolerance test in 1989-1990. Ilblc and other cardiovascular risk factors were 
determined. Isolated postload hyperglycaemia (IPH) was defined as fasting glucose 
< 7.0 and postload glucose £ 7.8 mmol/1. Impaired Fasting glucose (IFG) was 
defined as fasting glucose 6.1-7.0 mmol/1. Logistic regression analysis with was 
used to study characteristics which contribute to the prediction of IPH. 

Results: A total of 274 (12%) persons had IPH. Of these, 33 % had IFG vs 10 % of 
persons without IPH. Other less important but significant predictors of IPH were: 
age >65, HbAlc £ 6.5, hypertension (systolic pressure £ 160, diastolic pressure 2 
90 or medication), BMI £ 30, and IIDL cholesterol < 1. Having 2 2 of these risk 
factors identified 162 of the 274 (59%) with IPH. However, also 527 (27 %) of 
1985 persons with normal postload levels had £ 2 of these risk factors. 

Conclusions: Persons with isolated postload glucose were characterised by IFG, 
elevated HbAlc, hypertension, overweight, and low HDL. IFG and high HbAlc 
alone or in combination with other cardiovascular risk factor did not result in a 
sensitive or specific strategy to identify IPH. However, the identified persons are 
those who may benefit from treatment of cardiovascular risk factors. 
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Glucose Metabolism, Adiposity and Fitness interrelations in a Biracial Sedentary’ 
Population: The HERITAGE Family Study 

S. J. Weisnagel(l), Y. Hong(2), R.N. Bergman(3), T. Rice(2), J. Gagnon(4), A. Nadeau(4), 

T. Rankinen(S), A.S. Leon(6), J.S. Skinner(7), J.H. Wilmore(8), D.C. Rao(2), C. 
Bouchard(5) 

1-LABSAP- Laval University, Ste-Foy, Canada 2-Biostatistics, Washington University 
Medical School, St Louis, USA 3-Physiology/Biophysics, USC Medical School, Los 
Angeles, USA 4-Laval University Health Center, Ste-Foy, Canada 5-Pennington Biomed. 
Res. Cent., LSU, Baton Rouge, USA; 

6- Kinesiology & Leisure Studies, University of Minnesota, Minneapolis, USA; 

7- Kinesiology, Indiana University, Bloomington, USA; 

8- Health and Kinesiology, Texas A&M University, College Station, USA 
BACKGROUND AND ALMS: defects in the secretion of insulin and resistance to its 
actions both play a role in the pathogenesis of diabetes mellitus. It is therefore important to 
identify the factors that contribute to their development. METHODS: Multicenter family 
study, 259 Blacks and 492 Whites measured for body mass index (BMI), abdominal CT- 
scan visceral (AVF) fat area, maximal oxygen uptake (V02max), glucose induced insulin 
secretion (IA10), insulin sensitivity (SI), glucose disappearance index (Kg) and disposition 
index (DISP) derived from Minimal Model analysis of intravenous glucose tolerance tests. 
RESULTS: Men had lower unadjusted Kg (p=0.0001), SI (p=0.025) and DISP (p=0.002) 
than women. Blacks had lower SI (p=0.0001) but higher Kg (p=0.0001), DISP (p=0.0001) 
and IA10 (p=0.0001) than Whites. Parents had lower Kg (p=0.0001), IA10 (p=0.0001) and 
DISP (p=O.OOOI) than offspring. Stepwise multiple regression analysis determined that the 
independently significant covariates were, in order of importance, age, sex, race and BMI 
for Kg; BMI, race, AVF, age, V02max, sex and generation for SI; race, age, AVF, sex, 
V02max and BMI for IA10; AVF, race, age and BMI for DISP. After adding metabolic 
phenotypes in the regression model, the main covariate for Kg was DISP, partial-R J : 0.63, 
p=0.0001 (model R 2 : 0.65). After adjusting for these covariates, differences between 
genders were maintained for SI (p=0.0001) and became significant for 1AI0 (higher in 
men, p=4).0001), all those between races remained significant (p=0.0001-0.0008), and only 
SI was different between generations (greater in offspring, p=0.015). CONCLUSIONS: 
These results suggest that Blacks and Whites differ in glucose metabolism phenotypes, 
possibly through race-specific environmental and genetic elements. Gcnder-specific 
factors may explain the lower insulin sensitivity and higher insulin secretion in men, and 
age, the difference in insulin sensitivity between parents and offspring. Moreover, the 
disposition index appears to be the main determinant of intravenous glucose tolerance, as 
measured by Ke. 
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Hyperinsulinaemia as long-term predictor of death and heart disease in non¬ 
diabetic men 

Peter M. Nilsson, J-A Nilsson, K-F Eriksson, B Hedblad, G Berglund. Department of 
Internal Medicine, University Hospital, S-205 02 Malm&, Sweden 

Background and Aims: Prospective studies have indicated that hyperinsulinaemia 
(ID) is a risk factor for ischaemic heart disease (IHD), risk decreasing with time of 
follow-up. Few studies have so far investigated the role of HI for the prediction of 
mortality. 

Materials and Methods: In 6074 non-diabetic Swedish males (mean age 47 years), 
free of known cardiovascular disease and type 2 diabetes, we determined IHD risk 
factors including blood glucose and serum insulin before and after 2 hours after an 
OGTT. Follow-up was 19 years for IHD and death divided into three periods - 6, 12 
and 19 years. HI was defined as values above the 10th decentile of fasting or 2-hour 
insulin levels. 

Results: Relative Risks (RR:s) for both death and IHD were J-shaped when subjects 
were divided into decentiles of fasting insulin with the highest RR (1.4) in the HI 
group. The differences between groups in RR:s for death and IHD events decreased 
after adjustment for risk factors and after longer follow-up. The risk of death in HI 
men, defined on the basis of 2-hour insulin level increased with time of follow-up and 
was significantly increased after 12 years, RR 1.41 (95%CI: 1.00-2.00), and 19 years, 
RR 1.31 (1.05-1.65), even after full adjustment for*possible confounders. The same 
pattern was found for DID, but the difference was not statistically significant after 
adjustment for BMI. 

Conclusions: Hyperinsulinaemia is a risk factor for death and IHD events in non¬ 
diabetic men although risk decreases after adjustment for traditional risk factors and 
with time. This supports the role of HI - a marker of insulin resistance - as an 
important cardiovascular risk factor. The finding of different pattern of risk versus 
time of follow-up for fasting and 2-hour insulin calls for further research. Intervention 
studies based on life style or drugs that- improve-insulin sensitivity are urgently 
needed to prove or disprove the causality of this association. 
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THE HUMAN DQ8 HLA CLASS II MOLECULE PRESENTS DIABETOGENIC 
T CELL EPITOPES OF THE PHOGRIN ANTIGEN 

K. Kelemen, D. Wegmann, J.C. Hutton. Barbara Davis Center for Childhood 
Diabetes, UCHSC, Denver, Colorado, USA 

Background and Aims: The protein tyrosine phosphatases IA-2 and Phogrin (IA-2 
bet 3 ) are major autoantigens in Type I diabetes. We have previously demonstrated 
that Phogrin-specific T cell clones generated from NOD mice are capable cf 
destroying pancreatic islets and cause diabetes in vivo. We identified two distinct T 
cell epitopes on the Phogrin antigen defined by amino acids 640-659 (Peptide 2) 
and 755*777 (Peptide 7). The aim of our study was to examine whether the 
Phogrin epitope peptides are compatible with the human DQ8 HLA Class n 
molecule, an allele associated with high susceptibility to Type I diabetes in 
humans. Materials and Methods: DQ8+ transgenic mice (transgenic animals 
expressing the human DQS HLA Class II gene without any mouse Class II allele 
expressed) were immunized with Phogrin epitope peptides Peptide 2 and Peptide 7 
respectively, in Complete Freunds Adjuvant. A Peptide 2 specific T cell line was 
fused with BW5147 lymphoma cell line and hybrid clones were derived with 
limiting dilutions. Results: Lymph node cell populations of the immunized DQ8+ 
animals displayed vigorous T cell proliferative responses to both of the Phogrin 
epitope peptides. DQS+ T cell lines, generated with serial stimulations with the 
specific peptide retained the strong proliferative responses. Limiting dilutions of a 
responsive T cell hybrid line resulted in 11 Peptide 2 specific hybrid clones. All cf 
the 11 T cell hybrid clones produced significant amounts of IL-2 in presence cf 
Peptide 2 and DQ8+ spleen cells but not in the presence of Balb/c or NOD spleen 
cells. Alanine substitutions of Peptide 2 at three different residues (position 7, 10 
and 14) ablated the IL-2 production in all clones, suggesting that these positions 
represent core binding residues between the DQ3 and the peptide. Conclusions: 
Both of the two distinct T cell epitopes of the Phogrin antigen are presented in the 
context of the human DQS HLA Class II molecule. We showed that the positions 
7, 10 and 14 of Peptide 2 epitope represent core binding residues in the context cf 
the DQS molecule. Our results suggest that the same two Phogrin epitopes might 
be represented in human Type I diabetes especially in patients with DQS HLA 
Class 11 background. 
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IMPLICATION OF ADHESION MOLECULES IN PREVENTION OF 

DIABETES AFTER ORAL ADMINISTRATION OF CTB-INSULIN 

C. Aspord, A. Durand and C. Thivolet 

Inserm 449, Faculty de medecine Laennec, Lyon, France 

Background and aims : Immune tolerance towards an antigen can be obtained after 
its oral administration. Minute amounts of insulin conjugated to B subunit of cholera 
toxin (CTB) induced protection of NOD mice from diabetes. Since adhesion 
molecules trigger the generation and homing of T cells from intestinal mucosa to 
peripheral lymph nodes, we investigated the role of L-selectin (CD62L) and a4p7 
integrin in oral tolerance with CTB-insulin. Materials and methods : Cell phenotypes 
were analysed by FACS. Cytokine profiles were performed on activated cell 
supernatants by ELISA and on mRNA by RT-PCR. To evaluate the role of adhesion 
molecules, we cotransferred irradiated recipient mice with diabetogenic T cells and 
CD4+CD62L+ subpopulations from the spleen of fed mice. In addition, donor mice 
and recipient mice were successively treated with anti-CD62L or anti-a4f37 
antibodies. Results : Oral administration of 2x 2 pg of CTB-insulin induced a 
significant increase of splenic CD4+CD62L+ cells in comparison to CTB 
administration (38,5*8,8% vs 32,I±7,1%, p=0.01). Analysis of cytokines indicated 
lower amounts of IL-4, IL-10 and IFN-y in CD4+CD62L+ cells in comparison to 
CD4+CD62L- and significantly lower amounts of IFN-y in CD4+CD62L+ cells 
derived from CTB-insulin fed mice.. In contrast to CD4+CD62L- cells, transfer of 
CD4+CD62L+ cells derived from CTB-insulin fed mice reduced the capacity of 
diabetogenic T cells to transfer diabetes to syngemc irradiated NOD mice (4/12 vs 
8/8, 52 days post-transfer, p<0.001) and the degree of insulins in the recipients. 
This protective effect was inhibited by anti-CD62L antibody administration in the 
recipient mice, but was preserved despite anti-a4p7 antibody. Administration of 
either antibody to fed mice suppressed the capacity of T cells to transfer protection 
against diabetes transfer. Conclusions : These results suggest that oral tolerance 
induced by CTB-insulin administration implies CD4+CD62L+ regulatory cells. 
While both L-selectin and a4{37 integrin are required for the generation of 
regulatory cells, only L-selectin is necessary for their migration to pancreatic islets. 
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SPECIFIC MODULATION OF PROCESSING AND PRESENTATION OF 
GADC5BYB CELL GAD65 EPITOPES 

AM Madec.N Duhindan#,J Endlfl, P Van Endert*, A Fragouf, J Orgiazzi, JP Banga# 
U449, *U25, France; ^Roche Diagnostics, Germany; #GKT school of medicine, UK. 
Background and aims : Autoantibody and T cell reactivity to glutamic acid 
decarboxylase-65 (GAD65) are common in type 1 diabetes. Whilst the disease is 
considered to be T cell dependent, the role of autoantibodies remains unclear. We 
have studied the role of antigen specific B cells in modulating the presentation of a 
dominant DRB 1*0401 restricted T cell determinant of GAD65 in a cognate human 
autoreactive B-T cell system. Materials and Methods : 3 B cell clones, DP A, DPC, 
DPD, derived from a HLA DR3/DR4 new onset type 1 diabetic patient, have surface 
IgG to different determinants of GAD65. T cell line 6/7, derived from a HLA 
DR3/DR4 new onset type 1 diabetic patient, is specific for GAD65 residues 270- 
283. Stimulation of T cell line 6/7 was elicited by 0.1 to 10 pg/ml recombinant 
human GAD65 or synthetic peptides of GAD65, 5G1 (residues 266-285) or 
16C2(residues 270-283). For proliferation assay, fully rested T cells (1.5xl0 4 ) were 
added to 7.5x10 4 prepulsed, irradiated HLA-matched PBMC as APC. For 
presentation by the B cell clones, 1.5xl0 4 rested T cells were cultured with 1x10 
prepulsed irradiated B cells. Cell phenotypes were analyzed by FACS. Antibody 
affinity was determined by surface plasmon resonance on BlAcore. Results : Surface 
IgG on B cell clones (DPA, DPD) which recognize epitopes on structural domains 
of GAD65 different from the region harbouring the T cell epitope, efficiently 
(xlOOfold) enhance the presentation of residues 270-283, whilst B cell clone (DPC) 
the antibody of which overlaps the T cell determinant decreases presentation. These 
effects of B cell clones are dependent on surface IgG capture and internalisation of 
the antigen since they were inhibited by anti-IgG or chloroquine, and they are not 
dependent on autoantibody affinity (Kd: 10 l0 M* 1 for each). Conclusions : The data 
show that GAD65 autoantibodies may modulate T cell presentation in correlation 
with their topography on the structural model of GAD65, which may significant 
shape the autoreactive T cell repertoire in type 1 diabetes. 
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TCR-mediafed Up-regulation of c-FLIPshort Correlates with Resistance to Fas- 
mediated Apoptosis in T-cells from patients with Type 1 Diabetes. 

C. GIORDANO, P. Richiusa, A. Maitina, G. Misiano, G. Pizzolanti, R. Citarrella, A. 
Galluzzo. Laboratory of Immunology, Department of Endocrinology, Faculty of Medicine, 
University of Palermo, Italy 

Background and Aims: TCR activation leads to activation-induced cell death (AICD) 
that is an efficient way to remove T lymphocytes via apoptosis. We have previously 
showed that T cells from patients with Type 1 diabetes (Tl-DM) are resistant to Fas- 
mediated apoptosis. In this study we investigated the molecular basis of apoptosis 
resistance upon reactivation in peripheral T lymphocytes from newly diagnosed TIDM 
patients (n= 25) and age-matched normal controls (n= 15). 

Materials and Methods: Resting T cells (dayO) were cultured at 2x106 cells/ml with 1 
mg/ml PHA for 16 h (day 1). Day 1 cells were cultured for an additional 4 days in tfie 
presence of 25 U/ml IL-2 (day 5). Day 5 pre-activated T cells were activated/reactivated 
viaTCR/CD3 with plate coated anti-CD3 Ab OKT3 (30 mg/ml). Costimulation via CD28 
was achieved by the addition of an anti-CD28 Ab (1.5 mg/ml) in addition to OKT3 for the 
same time period. 

Results: Our results showed that PHA-stimulated day I -cells from controls up-regulated 
Fas while Fas-expression was impaired in T cells from patients. In addition, Tl-DM T 
cells remained resistant to Fas-mediated apoptosis during all time of culture period. The 
restimulation of activated T cells (day 5) via TCR/CD3 completely inhibited Fas-mediated 
apoptosis in TIDM vs control T cells (p<0.001). Costimulation via CD28 further reduced 
TCR/CD3-mediated apoptosis. After Fas triggering, generation of active sub-units of 
caspase-8 was significantly reduced in TIDM T cells restimulated via TCR/CD3 and/or 
CD28. We found that the level of c-FLIPL and the cleavage product of c-FLIPL in the 
DISC (Death Inducing Signaling Complex) were only slightly increased in both DM1 and 
normal T-cells. In contrast, the amount of c-FLIPs protein was significantly increased in 
the DISC only in Tl-DM T cells restimulated via TCR/CD3 and via CD28 (4S00 vs 1560 

D. U.; 6353 vs 2300 D.U., respectively, p < 0.001). 

Conclusions: We conclude that the presence of increased levels of c-FLIPs prevents 
recruitment of pro-caspase -8 in Tl-DM CD3-treated T cells. The high amounts of c- 
FLEPs are more likely to be involved in the inhibition of Fas-mediated apoptosis in Tl- 
DM T cells. These data suggest that the recruitment of c-FLIPs into the DISC results in 
reduced DISC and caspase-8 activity in Tl-DM and helps explaining the inability of 
peripheral autoreactive T cells elimination through apoptosis in Tl-DM patients. 
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RAT CYTOMEGALOVIRUS INFECTION ACCELERATES THE ONSET OF 
DIABETES LN DIABETES PRONE BB RATS 

JL. Hillebrands, N. van dcr Werf, B.W.A. van dcr Strale, F.A_ Kl3tter, C.A. 
Bruggeman & J. Rozing. Dept. Cell Biology, Immunology section. Faculty of 
Medical Sciences, University of Groningen, Groningen, The Netherlands 

Background and Aims: Viral infections, including cytomegalovirus (CMV), arc thought to be 
involved in triggering the autoimmune proccs resulting in IDDM. Causal relationships between 
CMV infection and IDDM has not been shown sofar and relevant animal models are lacking. 
Therefore, we analysed whether CMV infection influences the diabetogenic proces using Rat 
Cytomegalovirus (RCMV) in a well established model for the development of autoimmune 
diabetes in rats. 

Materials and Methods: Male and female DP BB rats (RT-lu) were divided in 6 groups. 
Groups 1, 2, 3 & 4 were infected with 5x10E5, IxlOE6, 2x10E6 and IxlOE7 plaque forming 
units (pfu) RCMV (Maastricht strain) respectively, at the age of 30-35 days. Groups 5 & 6 were 
control groups and were mock-infcctcd or left untreated, respectively. Blood glucose levels 
were monitored twice a week, and animals were considered diabetic when glucose levels 
exceeded 16 mM. Diabetic animals were sacrificed and salivary glands and pancreas were 
taken out and processed for histological and PCR analysis. Presence of RCMV was analysed by 
immunohislochcmistry (mAb8) and destruction of pancreatic islets was confirmed by HE and 
Aldchyde-Fuchsinc (AF) staining. 

Results: RCMV infection resulted in significant acceleration (2-3 weeks) of the onset of 
diabetes in all groups (groups 1-4) compared to the control groups (p = .0043). No differences 
between the different vims dosages were observed, and also both contol groups showed no 
differences. Immunohislochcmistry revealed that RCMV was only present in salivary glands 
and not in pancreatic tissue of infected animals at time of sacrifice, suggesting induction of 
diabetes without direct cytolytic infection of pancreatic beta-cells. This is strengthened by the 
observation that RCMV docs not induce diabetes in diabetes-resistant BB-DR rats. Pancreatic 
tissue of RCMV infected BB-DP rats contained RCMV DNA as indicated by specific PCR 
analysis. Diabetic animals showed severe infiltration of the pancreatic islets and decreased AF 
staining, indicating beta-cell destruction. 

Conclusions: This study shows for the first time a direct effect of CMV infection on the 
development of autoimmune diabetes in rats susceptible to spontaneous diabetes, without 
cytolytic infection of pancreatic beta-cells. These results enable us to further investigate the 
mechanism of virus-induced autoimmune diabetes. 
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Prevention of diabetes-induced capillary rarefaction of limb skeletal muscle by 
angioegencsis gene therapy with human tissue kallikrcin 

C. Emanueli, M.B. Salis, A.F. Milia, T. Stacca, A. Pinna, L. Chao, J. Chao, and P. 
Madeddu, Gene Therapy Section, National Laboratory of the National Institute of 
Biostructures and Biosystcms, Osilo, Italy 

Background and Alms: Peripheral vascular disease is very common among diabetic 
patients and consequences of supervening vascular occlusion are worsened by 
concomitance of microvascular rarefaction. We evaluated if human tissue kallikrein (HK) 
gene can prevent or rescue diabetic microangiopathy at the level of hindlimb skeletal 
muscle. 

Materials and Methods: For prevention, the left adductor skeletal muscle of 
streptozotocin-induced diabetic mice was injected with an adenoviral vector containing the 
HK or the Luc gene, or saline 2 w eeks after induction of diabetes. Animals were sacrificed 
at 28, 42, 60, 90, and 120 days for determination of adductor capillary density. In rescue 
experiments, gene therapy was applied 60 days after induction of diabetes and capillarity 
was determined 2 weeks later. Age-matched non-diabetic mice served as controls. 

Results: After an initial increase in vascularity, untreated diabetic mice developed 
progressive microvascular rarefaction in hindlimb skeletal muscle. At 60 days, capillary 
density was reduced to 193±17 cap/mm 2 , a value 3 times less (P0.001) than that of non¬ 
diabetic controls (655±31 cap/mm 2 ). Apoptosis was detected at the level of vascular 
endothelial cells, smooth muscle cells, and adventitial cells and, to a less extent, in the 
interstitium. The vasodilator response to acetylcholine was reduced, indicative of 
endothelial dysfunction. HK prevented diabetes-induced vascular rarefaction. Capillarity 
in HK-injected adductor was augmented to 760±85 and 1275±242 cap/mm 2 at 28 and 60 
days, respectively), while no change was observed in contralateral adductor. Increased 
vascularity implies activation of cellular proliferation, however HK-injected muscles also 
showed reduced apoptosis at vascular level. Application of HK gene therapy at a later 
stage with the attempt of rescueing established microangiopathy also resulted in marked 
increase in capillarity. In contrast, insulin, although able to prevent endothelial 
dysfunction, neither altered the development of vascular rarefaction nor exerted additive 
microvascular effects in HK-treatcd mice. 

Conclusions: These results indicate that kallikrein-kinin system may represent a new' 
target for treatment of diabetes-induced peripheral microvascular disease. 

Supported by a grant of the Juvenile Diabetes Foundation (JDF, USA). 


30 

TAURINE GIVEN IN EARLY LIFE DECREASES rNSULlTIS AND DELAYS 
THE ONSET OF DIABETES IN THE NOD 

E. ARANY, B. REUSENS*, C. REMACLE * and D J. HILL. Lawson Health 
Research Institute, London, Ontario, Canada and ‘Laboratoire de Biologie Cellu- 
laire, World Health Organization Collaborating Centre for the Development of the 
Biology of the Endocrine Pancreas, University Catholique de Louvain, Louvain-La- 
Neuvc, Belgium. 

Background : In human type 1 diabetes, insulitis precedes p cell destruction. In 
spontaneous non-obese diabetic mouse (NOD), 80% of the females feature also insu¬ 
litis at 5-6 weeks of life, but less so in the males. We have previously reported a 
reduced p cell mass in neonatal female NOD mice preceding insulitis. In the fetal 
and neonatal rat, the reduced and altered P cell mass induced by protein restriction 
during gestation and lactation is reversed by supplementation with taurine (a non- 
essential amino-acid important in fetal development). Aims: To study the effects cf 
taurine supplementation early in life on the development of the endocrine pancreas, 
on insulitis, and on the onset of diabetes in the NOD mouse. Material and Meth¬ 
ods: Female NOD mice were supplemented with 2.5% taurine from day 1 of gesta¬ 
tion until weaning. Controls NOD were given a normal diet. Pups were weaned on 
a normal diet, separated by sex and sacrificed at 8 weeks of age, or at the onset cf 
diabetes. Pancreata were collected and fixed for histology. Islet area and scoring for 
insulitis were performed in the pancreas at 8 weeks using a computerized image 
analysis system. Results: Blood glucose was 4-5 mM in both groups until 8 weeks 
of age but incidence of insulitis was significantly reduced (7% vs 35%, (P< 0.0001) 
and islet area was increased in the taurine treated females. Islet proliferating cell 
nuclear antigen labelling was 4.7±0.3% (mean±sem) in the control female islets and 
13.6 ±1.6% in the taurine treated. In ducts, a two fold increase in cell proliferation 
was found in the taurine treated group, although cell apoptosis did not differ be¬ 
tween the groups. The percentage of P cells was increased in the taurine treated 
pups. Moreover, the mean onset of diabetes w as 22 w eeks (n=18) in the taurine 
treated NOD females compared to 14 weeks in the controls (n=8) (PO.OOOl). Con¬ 
clusions: These results suggest that supplementation with taurine during pregnancy 
and lactation had a beneficial effect in the NOD females as it reduced insulitis, in¬ 
creased islet area and delayed the onset of diabetes. 
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A NEW MODEL TO STUDY ANGIOGENESIS IN I1YPERGLYCAEMIC 
CONDITIONS : THE DIABETIC CHICK EMBRYO. 

E. Larger*, M. Mane, P. Corvol and J-M. Gasc. INSERM U 36, College de France 
and Service de Diab&ologie, HSpital Bichat, Paris, France. * E.L. is supported by a 
grant from [’Association Fran^aise des Diab&iques. 

Background and alms: Diabetes makes ambiguous effects on angiogenesis, since 
neovessel sprouts occur in diabetic retina, while a reduced number of collateral 
vessels is observed in diabetic coronary vessels with atherosclerosis. We set up a new 
model to study the effect of hyperglycaemia on angiogenesis in the chorioallantoic 
membrane (CAM) in chicken embryos. Materials and methods: Fertilised White 
Leghorn chicken eggs were incubated in a humidified atmosphere at 37°5 C. 
Hyperglycaemia was induced by a single, intra-vitellus, 5 mg/g, glucose (G) injection 
at day 7 post-incubation. Control animals received mannitol (M), matched for 
osmolarity or water (II). Results: Survival was 75 % (0=92) 7 days post-inject ion, i. e. 
at day 14 of incubation. Blood samples were drawn from a CAM vessel and blood 
glucose level was measured with a rcflectancemetcr. Mean blood glucose levels were 

increased up to 7 days post-injection (table, mean values (standard deviation)). _ 

Blood glucose level (mo/dl) 

Day post ini. 1 2 3 4 5 6 7 

Glucose -192 (33)176 (34)214 (74) 173 (53)162 (61)155 (36)157 (72) 

Mannitol 109 (19)95 (39) 84 (23) 117 (45)90 (26) 101 (38)100 (56) 

Water 94 (8) 101 (19) 105 (21) 108 (14)109 (22)90 (3) 75 (15) 

By ANOVA we found a significant treatment effect: G (n=195) vs M (n=93) and G 
vs H (n=60), P<10“\ M vs H, P= 0.51. Hyperglycaemfc animals had severe growth 
delay. By day 7 post-injection, the mean body mass of embryos was 5.4 ± 0.5 g 
(n=18) in glucose-injected animals, as compared to 9.8 ± 1.9 g (n=16) and 8.0 ± 1.1 g 
(n=18) in water- and mannitol-injected embryos, respectively. In hyperglycaemic 
embryos, CAM vessels were thinner, with decreased branching, and by day 7 post¬ 
injection, their number was reduced by 50%, as compared to water-treated control 
animals, lmmunohistochemistry using anti-insulin and anti-glucagon antibodies 
showed no major difference in the numbers and proportions of pancreatic a and B 
cells between hyperglycaemic and control animals. Conclusion: This new model 
represents an easy alternative to previous models to analyse the molecular and cellular 
effects of hyperglycaemia on the blood vessel walls and angiogenesis. 
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free fatty acids modulate endothelial apoptosis, 

PROLIFERATION AND ASSOCIATED GENE/PROTEfN EXPRESSION 
M-Aitwott, M.Roden, A.Freudenthalcr, WAValdhSusI and S.Baumgartner-Parzer 
Department of Internal Medicine III, Division of Endocrinology and Metabolism, 
University of Vienna, Vienna, Austria 

Background and Aims: Elevated plasma free fatty adds (FFAs), as observed in the 
diabetic state, represent a risk factor for the development of premature 
atherosclerosis. Thus, it was the aim of the present study to evaluate the effects of 
saturated as well as unsaturated FFAs in cultured vascular endothelial cells. 
Materials and Methods: In human umbilical vein endothelial cells (IftTVECs) 
apoptosis, proliferation and assodated gene/protein expression in the presence of 
various FFAs (100-3OOpmol/1; 24-48h) were measured by DNA fragmentation 
assays, FACS and Northern as well as Western blot analyses, respectively. Results: 
Stearic add (Cl8:0), linoleic acid (C18:2o6), linolenic acid (C18:3o9) and 
arachidonic add (C20:4o6) time and concentration dependency triggered apoptosis 
in HUVECs (n=7, p<0.05) up to 500% of untreated control cells (set as 100%). In 
contrast, only the highest concentration of oleic add (C18:lo3) was able to induce 
apoptosis in HUVECs (+100%) after 4Sh, but not after 24h. FFAs (n=5, p<0.05) 
increased the expression of the apoptosis promotor bak (+100%), but reduced that of 
the apoptosis inhibitor bcl-2 (-25%), thereby shifting bak/bcl-2 to a pro-apoptotic 
ratio. Exposure of HUVECs (n=6) to polyunsaturated FFAs led to a G</G| cell cycle 
anest probably mediated by increased protdn expression of p21 WAF ' 1 CipI (+60%, 
p<0.01), an inhibitor of cyclin dependent kinases. In addition, FFAs reduced mRNA 
expression of the athcroprotector clusterin (-40%), of the vasoconstrictor 
endothelin-1 (-40%) and concentration dependency degraded NF-kB’s inhibitor ItcB 
(-45%) in HUVECs (n=6, p<0.01). Conclusions: FFAs modulate apoptosis, 
proliferation and the secretory profile of vascular endothelial cells, possibly by 
activation of the red/ox sensitive transcription factor NF-kB. By such action FFAs 
may contribute to the development of endothelial dy sfunction preceding late diabetic 
vascular complications. 
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INSULIN INCREASES *NOS EXPRESSION L\ HUMAN ENDOTHELIAL 
CELLS: MODULATION OF THIS EFFECT BY HIGH GLUCOSE. 

A. Pandolfi, E. De Filippis, M. Nutini, E. D’Urbano, G. Pellegrini, C. Cilli, M 
Romano, F. Capani and A. Consoli. Chieti, ITALY 

Background and Aims: Insulin acutely increases Nitric Oxide (NO) endothelial 
production inducing the endothelium-dependent vasorelaxation. Hyperglycemia is 
associated with vascular disease and endothelial dysfunction might be one of the 
mechanisms for this. However, the molecular pathways of insulin-induced increased 
endothelial NO production are far from being thorough fully elucidated and little is 
known about the interaction between insulin and elevated glucose concentration in 
modulating endothelial Nitric Oxide Synthase (eNOS) expression and activity. This 
■study was designed to investigate the effect of insulin on eNOS expression and 
activity and to determine w hether high glucose can modulate this effect. 

Material and Methods: Expression of eNOS gene (by semi-quantitative RT-PCR), 
protein level (by Western Blotting) and production of NO (by conversion of [TfJ-L- 
arginine in (TfJ-L-citrulline) were studied in human umbilical endothelial cells 
(HUVEC) exposed to insulin (10 nmol/L) in presence or absence of high glucose 
level (25 mmol/L) for 24 hours. 

Results: As compared to control cells, in HUVEC cultures exposed to insulin eNOS 
mRNA levels resulted markedly increased, this effect was substantially reduced by 
high glucose (2.6 and 1.8 fold increase vs. control, respectively). When control, 
insulin and insulin plus glucose treated cells were compared, eNOS protein level, as 
detected by Western blotting, was also greater in cells exposed to insulin alone than 
in cells exposed to insulin plus glucose. Densitometric analysis showed an almost 
2.5 fold increase above control in eNOS protein expression after insulin and 1.9 fold 
increase after insulin plus glucose addition (OD: 95±15, 240+23 and 180+17 for 
control, insulin and insulin plus glucose treated cells, respectively, p<0.01). Insulin 
alone significantly increased NOS activity from 0.1+0.03 to 0.26+0.04 pmol/mg 
protein ‘/min * (p<0.05 vs control cells) and this effect was reduced by high glucose 
(0.17+0.02 pmol/mg protein'Vmin' 1 , p<0.05 vs insulin alone). 

Conclusions: In human endothelial cells, insulin can increase eNOS gene 
expression. This effect, as well as insulin stimulation of NOS activity, is impaired in 
the presence of elevated glucose concentration. Thus our data provide direct 
evidence that high glucose can impair insulin stimulation of NO synthesis in 
endothelial cells. 
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HIGH FATTY ACIDS PROMOTE CELL GROWTH AND AFFECT CYTOSOLIC 
CA 3 * HOMEOSTASIS IN ENDOTHELIAL CELLS 

G.-D. Li, J. Song and Y. Tang, National University Medical Institutes, NUS, Singapore 

Background and Aims: Hyperlipidemia is a primary cause of cardiovascular diseases 
and often associated with diabetes. There is evidence that endothelial cell (EC) 
dysfunction characterized by diminished endothelium-dependent relaxation occurs 
upon high levels of fatty acids (FA) in blood, but little is known about the underlying 
molecular mechanisms. Since nitric oxide (NO) is the major player in endothelium- 
mediated vascular relaxation and NO synthase in ECs is activated by an increase of 
cytosolic free Ca 3 * levels ([Ca 3 *],), thus the possible changes in [Ca 3 *], were examined. 
Materials and Methods: Bovine aortic endothelial cells (BAECs) were exposed to 
various levels (0.25, 0.5 or 1 mM) of FA mixture (oleate and palmitate; 2:1) in culture 
for 2-10 days. Cell growth was assessed by determinations of DNA. [Ca 3 *], was 
measured with a fluorescent Ca 3 * probe (fura-2). Results: Growth of BAECs was 
increased by 20-27% (P<0.01) after 2-day exposure to 0.25-1 mM FA. Five-day culture 
with 0.25-0.5 mM FA also enhanced proliferation by 33-47% (P<0.01) whereas 1 mM 
FA reduced cell growth by 20% (P<0.05). Resting [Ca 3 *], was markedly elevated by 
-80% (P<0.01) after 5-10 day culture with 1 mM FA. However, the receptor agonist 
(activating phospholipase C) bradykinin (2 pM)-evoked [Ca 3 *], increments were 
significantly decreased by -37% and -43% (both P<0.01) in BAECs cultured with 
1 mM FA for 5 and 10 days, respectively. Furthermore, both bradykinin-induced 
intracellular Ca 3 * mobilization and subsequent extracellular Ca 2 * entry were impaired 
under these conditions. On the contrary, [Ca 3 *], rises evoked by 2 jiM thapsigargin (an 
agent mobilizing intracellular Ca 3 * by inhibiting Ca 3 *-ATPase on ER) were not affected 
by FA culture. Conclusions: Exposure to elevated FA promotes EC growth and thus 
may cause angiogenesis in vivo. The defected [Ca 3 ‘]j homeostasis by high FA in ECs 
may reduce NO generation and contribute to the diminished endothelium-dependent 
relaxation during hyperlipidemia. These FA effects thus increase the risk of developing 
cardiovascular complications in diabetes. 
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Endothelial insulin action and resistance: mechanisms and consequences 

JR. Petrie, I. Salt, C.J.G.Kelly, V. Nicolson, A. Spiers, C. Pcny, S.J. Cleland, G.W. 

Gould, J.M.C. Connell 

MRC Cooperative Group on Cellular Signalling and Molecular Genetics in Metabolic 
and Cardiovascular Syndromes, University of Glasgow, Glasgow, UK. 

Background and Aims: Resistance to insulin-mediated glucose uptake is associated 
with endothelial dysfunction and the development of cardiovascular disease, yet the 
underlying mechanisms remain poorly characterised. We have previously 
demonstrated that insulin is a direct-acting vasodilator in man, at least in part 
dependent on nitric oxide (NO) synthesis, and that this vascular action is related to 
whole-body insulin sensitivity. We have now examined: (i) the molecular 
mechanisms of insulin action with respect to NO production in cultured human aortic 
endothelial cells (HAECs); and (ii) insulin-mediated vascular relaxation (IMVR) ex 
vivo in young women with polycystic ovarian syndrome (PCOS), a state of insulin 
resistance, and no evidence of cardiovascular disease. 

Materials and Methods: PI3K recruitment to the insulin receptor and PKBalpha 
activity were assessed by immunoblotting of IRS-l/IRS-2 immunoprecipitates and 
peptide kinase assay of PKBalpha immunoprecipitates respectively, from HAECs 
stimulated with insulin. NO production in HAECs was assayed using a Sievers 280A 
NO meter. Contractile responses to norepinephrine were assessed in resistance 
arteries <300uM internal diameter (from gluteal biopsies) at baseline, after incubation 
with insulin (100 pM), and after a further incubation with both insulin and L-NMMA 
(an inhibitor of NO synthase). 

Results: Stimulation of HAECs with insulin resulted in rapid, dose dependent 
recruitment of PDK to both IRS-1 and IRS-2, with a rapid, sustained, dose-dependent 
stimulation of PKBalpha, sensitive to the PI3K inhibitor, wortmannin. In addition, 
insulin stimulated NO production within 5 minutes. In the resistance artery studies, 
the ED50 for NE dose-contraction responses was reduced in control vessels by insulin 
(p<0.05), but not in vessels from patients with PCOS. 

Conclusions: In stimulating NO synthase In human endothelial cells, insulin employs 
a signalling cascade also utilised in upregulating glucose transport i^conventional' 
target tissues. The parallel occurence of metabolic insulin resistance and impaired 
vascular responses to insulin ex vivo in young insulin resistant women in the absence 
of cardiovacular disease suggests that pathophysiologically relevant insulin resistance 
occurs in human vascular tissues. 
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The Oxidative Stress Indicator 8-iso-PGF2alfa is Teratogenic to Rat Embryos In 
Vitro, and Antioxidants Diminish this Effect. 

P. Wentzel and U.J. Eriksson, Department of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden 

Background and Aims: Increased glucose concentration disturbs development in 
rodent embryos cultured in vitro, and addition of antioxidants diminishes the 
embryonic dysmorphogenesis. Oxidized arachidonic acid molecules, the isoprostanes, 
serve as markers of lipid peroxidation and oxidative stress. Increased isoprostane 
levels are present in embryos subjected to elevated ambient glucose concentration and 
in offspring of diabetic rodents. Furthermore, the elevated isoprostane concentration 
in embryos exposed to high glucose levels is decreased by addition of NAC to the 
culture medium. In addition to their function as indicators of oxidative stress, 
isoprostanes may have an independent teratogenic role in the dysmorphogenesis of 
diabetic pregnancy, a notion examined in this study. 

Our aim was to investigate if exogenous administration of the isoprostane 8-epi- 
PGF2alfa is teratogenic in vitro, and, if addition of the antioxidants N-acetylcysteine 
(NAC) or superoxide dismutase (SOD) may modulate such teratogenicity. 

Materials and Methods and Results: We subjected rat embryos to 2 pmol/1 of 8-epi- 
PGF2aJfa with or without addition of 0.5 mmo!/l NAC or 4800 U/ml SOD during 48 
hours in vitro culture and compared the outcome with embryos cultured without any 
of these compounds. We found increased levels of the isoprostane and disturbed 
development in embryos subjected to the isoprostane (decreased crown-rump length, 
3.6 vs 4 0 mm, decreased somite number, 25 vs. 30, increased malformation score, 
5.0 vs. 0.1). Addition of NAC to the isoprostane-exposed cultures normalized the 
isoprostane content and all morphometric parameters (crown-rump length 4.1 mm, 
somite number 31, malformation score 0.3), whereas SOD addition had marginal 
effect (crown-rump length 3.7 mm, somite number 27, malformation score 2.2). 

Conclusions: Isoprostanes are teratogenic in vitro, which suggests that these 
compounds may exert similar effects in vivo. The teratogenic insult appears to 
involve an excess of radical oxygen species, and is, at least at low er concentrations, 
diminished by antioxidative treatment. 
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Maternal treatment with insulin or antioiidant protects from malformations and 
DMA damage in offspring of diabetic rats. 

U.J. Eriksson and A. Lee. Department of Medical Cell Biology, Uppsala University, 
Uppsala, Sweden and Picower Institute for Medical Research, Manhasset, NY, USA 

Background and Aims: Previous studies of transgenic BigBlue mice/rats with a lac-I 
reporter gene have shown increased rates of dysmorphogenesis and DNA damage in 
embryos exposed to high glucose concentration in vitro, as well as in embryos of 
diabetic rats. Antioxidative treatment diminishes the embryonic dysmorphogenesis 
both in vitro and in vivo. These findings support the notion of glucose/diabetes- 
provoked occurrence of teratogenic oxygen species in these embryos, but do not 
clarify if the DNA damage is causally related to the embryonic dysmorphogenesis. 
The aim of the present study was therefore to investigate if treatment of the pregnant 
diabetic rat with insulin or vitamin E would alter the dysmorphogenesis and rate of 
DNA damage in the embryos. 

Materials and Methods: Normal (N) and diabetic Sprague Dawley female rats were 
mated with transgenic BigBlue male rats. The female diabetic rats were either 
untreated (D), or treated with either daily insulin injections (DI), or given 2 % vitamin 
E in the food (DE). The pregnancies were interrupted on day II, and the offspring 
was evaluated with respect to morphology and rate of DNA damage, the latter 
estimated by the BigBlue rat mutagenesis assay. 

Results: Maternal diabetes caused decreased crown-rump length, increased 
malformation score and DNA mutation rate (N vs. D: 4.01 vs. 3.44 mm, 0.04 vs. 1.85, 
1.65 vs. 4.52 x 100000), whereas insulin treatment normalized crown-rump length 
and DNA mutation frequency (DI: 4.04 mm, 1.88 x 100000), and decreased 
malformation score (1.11). Vitamin E treatment did not normalize crown-rump length 
(DE: 3.39 mm), but diminished malformation score and DNA mutation rate (DE: 
0.61,2.85 x 100000). 

Conclusions: Maternal diabetes causes increased rate of embryonic 
dysmorphogenesis and DNA damage. Treatment with either insulin or vitamin E 
diminishes the developmental disturbances and DNA damage in the embryo. 
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Metbylglyoxal is less teratogenic than 3-dexoygIucosone due to rapid metabolism 
in embry os exposed to high glucose concentration in vitro. 

P. J. Thomalley, P. Wentzel, N. Karachalias and U.J. Eriksson. Department of 
Medical Cell Biology, Uppsala University, Uppsala, Sweden and Department of 
Biological Sciences, University of Essex, Colchester, United Kingdom 

Background and Aims: Embryos exposed to high glucose concentration in vitro 
show dysmorphogenesis. Production of reactive alpha-oxoaldehydes (methylglyoxal, 
MG, and 3-deoxyglucosone, 3-DG) with teratogenic capacity may be a consequence 
of the high ambient glucose concentration. The alpha-oxoaldehydes are potent 
glycating agents that modify proteins and nucleotides to form advanced glycation 
endproducts (AGEs). We have previously demonstrated that 3-DG is increased in 
high glucose-exposed embryos, and that 3-DG has teratogenic capacity. The aim of 
the present study was to investigate the teratogenicity of MG, and compare it to 3- 
DG-induced dysmorphogenesis. 

Materials and Methods: We subjected day-9 rat embryos to in vitro culture for 48 
hr, and supplemented the culture medium with 1 pM - 1 raM MG, whereupon we 
assessed the embryonic development. We also measured the activity of the enzymes 
metabolising MG and 3-DG. 

Results: MG induced major embryo malformation only at the highest concentration, 1 
mM, (somite number decreased by 5 %, malformation score increased from 0 to 3.6). 
The embryonic concentration of MG when malformation was induced was ca. 4-5 
fold higher than that of embryos suffering hyperglycaemia-induced malformation in 
vitro. The activity of the MG-metabolising enzyme glyoxalase I in embryos was 2.4- 
2.7 U/mg protein. Glyoxalase II activity was also present. The 3-DG metabolising 
enzymes showed much lower activities: 3-DG reductase activity was 170 mU/mg 
protein, and there was no detectable 3-DG dehydrogenase activity (<0.003 mU/mg 
protein). 

Conclusions: MG is not a critical teratogen in embryopathy induced by 
hyperglycaemia in vitro, whereas 3-DG is. The major enzymatic pathway for the 
detoxification of MG, the glyoxalase system, is highly active in the embryos, wheras 
the 3-DG detoxifying enzymes, 3-DG reductase and 3-DG dehydrogenase, have low 
and non-detectable activity, respectively. 3-DG may be teratogenic therefore because 
it is metabolised slowly and accumulates to high levels in the embryo. 
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Is there a relationship between major congenital malformations and blood 
glucose in women with gestational diabetes meUitus? 

A. Garcia-Patterson, E. Martin, J.M. Cubero, M. Hernandez, M. Albareda, G. 
Guinovart, J.M. Adelantado, A. de Leiva and R. Corcoy. 

Serveis d’Endocrinologia i Nutricio, Pediatria i Ginecologia i Obstetricia, Hospital de 
Sant Pau, Barcelona, Spain 

Background and Aims: In women with prepregnancy diabetes mellitus, major 
congenital malformations (CM) are related with periconceptional blood glucose levels 
and a relationship between fasting blood glucose and CM has also been described in 
women with gestational diabetes mellitus (GDM). The aim of this work has been to 
analyze if there is a relationship between CM and the severity of GDM in infants 
bom to mothers with GDM. 

Materials and Methods: A universal screening policy and 3rd Workshop-Conference 
diagnostic criteria have been used for GDM diagnosis. GDM severity has been 
assessed after prior glucose abnormality, blood glucose values in the diagnostic 
OGTT, gestational age at diagnosis and requirement of insulin Tx during pregnancy. 
Potentially confounding variables (age, body mass index and smoking habit) have 
also been considered. Quantitative variables have been transformed into tertiles to 
explore their relationship with CM. First, the relationship of each potentially 
predictive variable with CM has been analyzed with a chisquare test and finally a 
multivariant logistic regression analysis with CM as the dependent variable has been 
performed. 

Results: 1905 infants bom to mothers with GDM have been studied. The rate of CM 
has been 3.2%. In the bivariant analysis, a positive relationship has been found 
between CM and prior glucose abnormality (2.8% vs 5.8%, p<0.05), CM and fasting 
blood glucose (2.3%, 2.6% and 4.7% in each tertile, p<0.05) and CM and BMI (1.6%, 
3.3% and 4.7% in each tertile, p <0.01). In the logistic regression analysis, only BMI 
has remained as predictor of CM (OR 2.39 and 3.41 for the second and third tertiles 
vs the first one, p <0.01). 

Conclusions: In this group of infants bom to mothers with GDM, BMI and not the 
severity of GDM is predictor of CM 
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LOW BIRTH WEIGHT IS ASSOCIATED WITH LWPA1RED INSULIN 
SECRETION AND ACTION LN YOUNG MALE ADULTS 

C.B. Jensenl, H.Storgaardl, F.DeIa2, J.J,HoIst2, S.Madsbadl and A.A.Vaagl. 
l.Dcpt.of Medical Endocrinology, Hvidovre University Hospital, Hvidovre, 
Denmark.2. Dept.of Medical Physiology, Panum Insitute, Copenhagen, Denmark 
Background and Aims: Numerous studies have linked low birth weight (LBW) with 
increased risk of Type 2 diabetes. However, uncertainty still prevails as to the 
underlying cellular mechanisms. 

Materials and Methods: We investigated hepatic and peripheral insulin action (IA), 
including intracellular glucose metabolism, using the'gold standard' euglycemic 
hyperinsulinemic clamp technique at two physiological insulin levels (2xl20mln; 
10mU/m2 /min, 40mU/m2 /min) in combination with indirect calorimetry and [3-3HJ- 
glucose, in twenty 19-yr old men with LBW (BW 2702±45g) and twenty controls 
with BW in the upper normal range (BW 3800±22g; p<0.0001), matched for BM1 and 
total fat mass. Insulin secretion (IS) was examined in response to oral (OGTT) and 
intravenous glucose (IVGTT). 

Results: Fasting plasma glucose as well as 2-hour plasma glucose in response to oral 
glucose w'as higher in the LBW group (p=0.05; p=0.07). Glycerol at basal and low 
clamp insulin concentrations was lower in the LBW group (p=0.04, p=0.06), along 
with non-signiflcantly lower plasma FFA and plasma ketone bodies. Insulin 
stimulated glycolytic flux was significantly reduced (p=0.03) and suppression of 
hepatic glucose production during high physiological insulin levels enhanced in the 
LBW group (p=0.05). Nevertheless, basal and insulin stimulated rates of whole-body 
total peripheral glucose disposal, glucose oxidation, lipid oxidation, exogenous 
glucose storage and non-oxidative glucose metabolism was similar in the two groups. 
Insulin secretion after oral glucose ingestion was lower in the LBW group, as 
reflected by lower disposition indices expressing insulin secretion in relation to 
insulin action (DI=IS x I A; 0-30min: p=0.03; 0-120min: p=0.003), whereas insulin 
secretion in response to iv-glucose was similar in the two groups. Interestingly, 30- 
min GLP-1 too was low er in the LBW group (p=0.08). 

Conclusions: We propose, that reduced insulin stimulated glycolysis precede overt 
insulin resistance in men with LBW. The observed lower insulin secretion in response 
to oral but not iv-glucose in LBW men may reflect deficient incretin hormone 
secretion and/or -action. Finally, lower glycerol levels, i.e. lower rate of lipolysis, 
could potentially predispose LBW subjects to obesity later in life. 
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The significance of hydroxyl radicals in the aetiology of large and small nerve fibre 
am! neurovascular dysfunction in experimental diabetes 

N.E. Cameron and MA. Cotter. Biomedical Sciences, Aberdeen University, Scotland UK 
Background and Aims: Oxidative stress contributes to the development of neural and 
vascular complications in experimental diabetes. Treatment with broad specificity free 
radical scavengers such as vitamin E improves nerve conduction and perfusion in 
streptozotocin-diabetic rats. However, it is not clear which reactive oxygen species are 
involved or the precise processes important in their formation. To further elucidate this 
problem, we examined the effects of the specific hydrophilic hydroxyl radical scavenger, 
dimcthylthiourea (DMTU) on measures of large and small nerve fibre function and neural 
tissue blood flow. Materials and Methods: After 6 weeks of streptozotocin-induced 
diabetes, rats were treated daily for 2 weeks with DMTU (3-100 mg/kg Lp.). Small fibre 
dysfunction was estimated using behavioural tests for mechanical (Randall-Sellito test) 
and thermal (plantar test) hyperalgesia. In final experiments, under butabarbital 
anaesthesia, nerve conduction velocities (NCVs) were measured and sciatic nerve and 
superior cervical ganglion blood flow was estimated by hydrogen-clearance 
microclectrode polarography. Results: Diabetes caused a 20.8+0.8% reduction (p<0.001) 
in sciatic motor NCV. This was dose-dependently corrected by DMTU: by 21.0±5.9% 
(p<0.01) at the lowest dose (3 mg/kg) and by 92.6+3.6% (p<0.001) for 100 mg/kg 
treatment The ED50 was approximately 9 mg/kg Saphenous sensory NCV was also 
investigated for 100 mg/kg DMTU; a 15.8+0.9% (p<0.001) diabetic deficit was 
completely corrected (p<0.001). Thresholds for the withdrawal reflex to hindpaw pressure 
stimulation were 18.9+2.2% (p<0.01) decreased by diabetes, indicating mechanical 
hyperalgesia, which was 61.9+18.0% (p<0.05) ameliorated by DMTU. Similarly, a 
25.0+4.1% (p<0.01) diabetic decrease in the latency for foot withdrawal from a noxious 
thermal stimulus was 73.1+13.6% (pO.Ol) corrected by DMTU treatment Sciatic 
nutritive (capillary) and total endoneurial blood flow were reduced by 50.7+3.5% 
(p<0.001) and 62.5+5.5% (p<0.01), respectively, in diabetic rats. However, with DMTU 
treatment, these deficits were 86.4+9.7% (p<0.001) and 92.8+26.3% (p<0.01) corrected. 
There was also a 52.4+3.5% (pO.OOl) reduction in superior cervical ganglion perfusion, 
which was 76.4±9.1% (p<0.001) rectified by DMTU. Conclusions: Hydroxyl radical 
scavenger treatment reverses a wide range of neural and neurovascular defects in diabetic 
rats. In the context of this experimental model, DMTU treatment had approximately 70 
times greater efficacy than vitamin E, which further stresses the importance of 
hydroxyl radicals for experimental diabetic neuropathy. 
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Relationship between gestational diabetes mdlitus and maternal small birth 
weight. 

L. Alviggi, R. Anichini, A De Beilis, R. Matagoli. M.C. Breschi, and G. Seghieri. 

Dept of Internal Medicine and Diabetic Unit, Presidio Ospedaliero USL n3 
PISTOIA, Italy. 

Background and Aims: According to the hypothesis of 'thrifty phenotype’ the 
prevalence of diabetes mellitus in adult life is consistently related to a small birth 
weight. Contrasting results have been however produced about the existence of direct 
significant relation between presence of gestational diabetes mellitus (GDM) and a 
small maternal birth weight. This study was designed to answer this question. 

Materials and Methods: We studied a group of 515 pregnant women whose birth 
weight was precisely known. They were then classified as normally tolerant to 
glucose (n=4I2) or affected with GDM (n=103) after having been tested by means of 
a 100-g OGTT performed between the 24th and 28th gestational week. The woman 
were then further categorised according to their birth weight in two further groups: 
those with birth weight <90th percentile (2,600g; n=59) and those whose birth weight 
was greater than this cut off value (n=456). 

Results: Prevalence of GDM was significantly higher in the group with small birth 
weight (19/59, 32.2%) as compared to the other group with a normal-high birth 
weight (84/456; 18.42%; chi-square=6.202; p=0.013). The association between small 
birth weight and GDM was further reinforced by multiple logistic regression analysis 
model where age, parity family history of diabetes and pregestational maternal body 
w eight acted as covariates (p=0.028). According to this model the odds ratio of GDM 
in group of women with low-birth w eight was 2.179 (95%CI 1.182-4.016; p=O.012) 

Conclusions: According to this study in our population of pregnant women a birth 
weight <2,600g seems to be significantly associated with a two-fold higher risk for 
GDM, independently from possible other major confounders. 
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POLY(ADP-RIBOSYL)ATION INHIBITORS CORRECT PERIPHERAL NERVE 
FUNCTION AND ENERGY METABOLISM IN DIABETIC RATS 
I.Obrosova, Fei Li, and M.Stevens, University of Michigan, Ann Arbor, MI, USA 

Background and Aims: Poly(ADP-ribosyl)ation is a response to DNA single¬ 
strand breakage caused by hydroxyl and superoxide radicals and peroxinitrite. 
Activation of poly(ADP-ribose)synthetase (PARS) leads to depletion of its substrate 
NAD, energy failure, and has been recently implicated in diabetes-associated 
endothelial dysfunction. Taking into account the important role for oxidative stress 
and endothelial dysfunction in diabetic neuropathy (DN), we evaluated two specific 
structurally diverse PARS inhibitors, 3-aminobenzamide (ABA) and 1,5- 
isoquinolinediol (ISO), on functional and metabolic deficits in the diabetic nerve. 
Materials and Methods: Control (C) and streptozotocin(STZ)-diabelic(D) rats 
were treated with/without ABA or ISO (30 and 3 mg/kg*d i.p.) for 2 wks after 2 
wks without treatment. An intervention approach was used to avoid {3-cell 
regeneration and restoration of normoglycemia which occurs when PARS is 
inhibited shortly after induction of STZ-diabetes. Results: Final blood glucose 
levels (Mean+SEM) were 366+26, 362+9 and 374+7 mg/dl in D, D+ABA and 
D+1SO. Both agents were well tolerated and had no side effects. Sciatic motor and 
digital sensory nerve conduction velocities (m/s) were lower in D (43.7+1.4 and 
30.2±0.5 vs 58.1+1.8 and 39.4+1.6 in C, p<0.01 for both) and were completely or 
partially corrected in D+ABA (56+2 and 36.1+0.6, p <0.01 vs D) or D+ISO 
(54+1.4 and 35.2+0.5, p < 0.01 vs D). Phosphocreatine (PCr) level and PCr/creatine 
ratio were decreased in D vs C (p<0.05) and were corrected by both agents. ABA 
and ISO did not affect any variables in C. PARS activity and NAD levels were 
similar in the sciatic nerve of C and D. Conclusions: Enhanced poly (ADP- 
ribosyl)ation is involved in the pathogenesis of DN. PARS inhibitors correct nerve 
functional and metabolic deficits in D by mechanisms unrelated to restoration of 
normoglycemia. The findings suggest that vasa nervorum rather than neural tissues 
of PNS is a site of ROS-activated poly(ADP-ribosyl)ation in short-term diabetes, 
and are consistent with vascular etiology of, at least, early DN. 
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Impaired gastric fundus innervation in experimental diabetes: protection by alpha- 
lipoic acid treatment. 

T.M. Gibson, M.A Cotter and N.E. Cameron. Biomedical Sciences, Aberdeen University, 
Scotland UK 

Background and Aims: Diabetes causes autonomic neuropathy, multiple organ systems 
being influenced. The gastrointestinal system is often affected, leading to a variety of 
symptoms including delayed gastric emptying. This is under the control of non-adrenergic 
non-cholinergic (NANC) autonomic nerves, for which nitric oxide (NO) is die major 
neurotransmitter, with vasoactive intestinal polypeptide (VIP) as a co-transmitter. 
Oxidative stress has been shown to be important in the aetiology of nerve fibre 
dysfunction in diabetes. Therefore, the aims were to examine the effects of experimental 
diabetes on gastric fundus NANC neurotransmission and to assess whether the 
antioxidant, alpha-lipoic acid (LA), could attenuate the development of dysfunction. 
Materials and Methods: Diabetes was induced by streptozoiocin (45 mg/kg) in mature 
male rats. The responses of longitudinal muscle of isolated gastric fundus strips to 
electrical field stimulation were examined. NANC-mediated relaxation was isolated in 
preparations preconstricted with 5-hydroxytryptamine, in the presence of atropine and 
guancthidine. Treated diabetic rats were given daily LA (100 mg/kg i.p.) for 8 weeks from 
diabetes induction. Results: Diabetes did not affect the contractile response to 5- 
hydroxytryptamine. However, the relaxation caused by electrical field stimulation of 
NANC nerves was progressively attenuated by increasing diabetes duration. Thus, 
maximal relaxation (16 Hz stimulation) was reduced by 25.9 ± 3.4% (p < 0.001) after 4 
weeks and 46.4 ± 6.7% (p < 0.001) at 8 weeks, without any significant further 
deterioration up to 24 weeks. At the 8 week time point, diabetes caused reduced responses 
(p < 0 001) at all stimulation frequencies examined (0.5 to 16 Hz), deficit being 
particularly severe (approximately 80%) for low frequencies (0.5-2Hz). LA treatment 
largely prevented the development of this deficit, giving 82.8 ± 7.6% protection (p < 
0.001) for maximum relaxation (16Hz stimulation). Significant improvements (p < 0.01) 
were also apparent at 1 Hz and greater frequencies, although from 0.5- 4 Hz, a residual 
defect remained compared to nondiabetic controls (p < 0.05). Experiments with the NO 
synthase inhibitor, NG-nitro-L-arginine showed that NO-mediated neurotransmission was 
responsible for 70-80% of NANC relaxation in all groups. There were no significant 
between-group differences in responses to exogenous VIP. Conclusions: The diabetic 
deficits in gastric fundus NANC responses were largely attenuated by LA, suggesting that 
this antioxidant may have potential for the treatment of diabetic gastrointestinal autonomic 
neuropathy. 
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NEAR-NORMOGLYCAEMIA MAINTAINED OVER 14 YEARS FROM THE DIAGNOSIS OF 
TYPE 1 DIABETES PREVENTS THE DEVELOPMENT OF POLYNEUROPATHY 
D. Ziegler, M. Behler, and F. Akila. German Diabetes Clinic, German Diabetes Research 
Institute at the Heinrich Heine University, Dusseldorf, Germany 

Background and Aims: It has not been previously evaluated whether near-normoglycaemia 
instituted from the diagnosis of Type 1 diabetes onward may prevent the development of 
sensorimotor and autonomic neuropathy. To address this point we conducted a long-term 
prospective study. Materials and Methods: We examined 32 newly diagnosed Type 1 
diabetic patients (21 male, 11 female) aged 12-36 years who were followed over 14 years. 
Motor and sensory nerve conduction velocity (MNCV, SNCV), coefficient of R-R interval 
variation at rest (CV), and clinical assessment were performed at the time of dagnosis and 
after 3 months as well as after 1,2,4,5,8,10,12, and 14 years. Results: During the 14-year 
period, 10 patients had mean HbAt« levels within the near-normal range of <8.5% 
(mean±SEM: 8.1 ±0.2%; Gnxp 1), whereas 22 patients had mean HbAt« levels £8.5% 
(10.4±0,5%; Group 2). After 14 years, MNCV was significantly faster in Group 1 than in 
Group 2 in the medan (54.7i0.9 vs 51.9±0.7 m/s), ulnar (60.2±1.0 vs 54.0±1.2 mis), and 
peroneal nerve (47.6±1.2 vs 42.9±1.0 m/s) and SNCV was faster in the median (57.1 ±0.6 vs 
48.2±1.3 m/s), ulnar (54.7±0.9 vs 43.8±1.4 m/s), and sural nerve (47.5±0.9 vs 42.7±1.0 m/s) 
(all p<0.05). In Grotp 1 the average decrease in MNCV and SNCV was -0.11 and -0.17 
m/s/year, respectively. These annual slowing rates were comparable to the losses observed 
over 10 years in a non-dabetic control group showing -0.13 m/s/year for MNCV and -0.15 
m/s/year for SNCV, respectively. In contrast Group 2 showed reductions of -0.36 m/s/year 
for MNCV and -0.44 m/s/year for SNCV, respectively. In Group 2 there was also a significant 
decline in CV from 6.0±0.6% at baseline to 4.0±0.6% at 14 years as compared with Group 1 
in which CV was 6.5±0.5% at baseline and 6.6±1.0% at 14 years (p<0.05 for Group 1 vs 2). 
Conclusions: In Type 1 dabetic patients near-normoglycaemia maintained from the 
dagnosis over the next 14 years 1.) results in a decline in nerve conduction not exceeding 
the age-related degree of slowing within the physiological range, 2.) prevents an 
approximately 3-fold faster annual decline in nerve conduction induced by poor gfycaemic 
control, and 3.) prevents the deterioration in cardac autonomic function. 
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The effects of insulin C-peptide on nerve function in diabetic rats are blocked by 
nitric oxide synthase inhibition. 

M.A_ Cotter and N.E. Cameron. Biomedical Sciences, Aberdeen University, Scotland 
UK 

Background and Aims:The biological actions of insulin C-peptide are die subject of 
current interest C-peptide has been suggested to partially prevent diabetic nerve 
dysfunction in type 1 experimental models, perhaps by a direct action on neural tissue. 
Alternatively, C-peptide may have vascular effects including stimulation of the nitric 
oxide (NO) system. Impaired nerve perfusion contributes to experimental neuropathy, 
therefore NO-mediated vasodilation might potentially account for any beneficial neural 
effects of C-peptide. The aim was to examine the C-effects on nerve function and blood 
flow, and ascertain whether this could be altered by chronic NO synthase blockade. 
Materials and Methods: After 6 weeks of streptozotocin-induced diabetes, rats were 
treated for 2 weeks with C-peptide (osmotic minipump, 50 pmol/kg/min i.v.) alone or 
combined with the NO synthase inhibitor NG-nitro-L-arginine (LNNA, 10 mg/kg p.o.). In 
final experiments, under butabarbital anaesthesia, nerve conduction velocities were 
measured and sciatic nerve blood flow was estimated by hydrogen clearance 
microelectrode polarography. Results: Diabetes caused 19.8 ± 0.8% and 15.7 ± 0.9% 
reductions (pO.OOl) in sciatic motor and saphenous sensory nerve conduction velocity, 
respectively C-peptide treatment corrected the motor deficit by 61.7 ± 2.9% (p<0.001) 
and the sensory deficit by 77.6 ± 6.8% (p<0.001); however, values remained somewhat 
decreased (p<0.05) compared to nondiabetic controls. Cotreatment with LNNA 
completely abolished (p<0.001) C-peptide effects on both sensory and motor conductioa 
Sciatic nutritive endoneurial blood flow and vascular conductance were 51.5 ± 3.6% and 
40.8 ± 3.3% reduced by diabetes (p<0.001), respectively. C-peptide partially corrected 
these defects (flow 56.9 ± 7.5%, p<0.001; conductance 66.2 ± 6.8%, p<0.001) although a 
degree of abnormal perfusion remained (p<0.05). Total sciatic endoneurial perfusion was 
also decreased by diabetes (flow 64.1 ± 5.3%, conductance 55.6 ± 6.2%; p<0.01); a trend 
for approximately 35% amelioration by C-peptide did not reach statistical significance. 
LNNA cotreatment markedly (pO.OOl) attenuated the nutritive vascular effects of C- 
peptide, nutritive and total flow / conductance values were within the lower half of the 
diabetic range. Conclusions C-peptide replacement therapy in the physiological range 
improves nerve function in experimental diabetes. The magnitude of blood flow elevation 
and the inhibitory effects of LNNA are entirely compatible with the hypothesis that the 
neural action of C-peptide is mediated predominantly by a vascular mechanism. 
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Biophysical predictors of foot ulceration, amputation and mortality in diabetes. 
A.L. Carrington, J.E. Shaw, C.H.M. Van Schie, C.A. Abbott and AJ.M. Boulton, 
Manchester Royal Infirmary', UK. 

Background and Aims: Foot problems are responsible for an excessive physical, 
emotional and economic burden in people with diabetes. This study examined 
various peripheral neurovascular and other general diabetes measures as predictive 
factors for foot ulceration, amputation and mortality' within a six-year follow-up 
period 

Materials and Methods: One hundred and sixty nine diabetic subjects (without 
significant peripheral vascular disease) recruited for the study were separated into the 
following groups: diabetes alone (D, n=51), diabetes with neuropathy (DN, n=67), 
diabetes with a history of foot ulcers (DU, n=34) and diabetes with Charcot 
Neuroarthropathy (DCh, n=17) and 22 non-diabetic people comprised the control 
group. At baseline, all subjects underwent extensive assessment of motor nerve 
conduction velocity (MNCV), vibration / pressure / temperature perception threshold 
(VPT/PPT/TPT), peripheral vascular function and other diabetes measures. 

Results: Subjects were age / BMI-matched, and diabetes duration was the same for all 
diabetic groups. The median time to death or study end was 69.5 months. New ulcer 
development during the outcome period was D = 15.7%, DN = 28.3%, DU = 70.6%, 
DCh = 70.6% and amputation (at any level) was D = 3.9%, DN = 9.0%, DU = 26.5%, 
DCh= 11.8%. Mortality occurred as follows: D = 7.8%, DN = 16.4%, DU = 35.3%, 
DCh = 23.5% Cox regression was used to determine the relative risk of developing a 
foot ulcer or having an amputation within six years. Predictors of fool ulceration 
(p<0.05) were weight, BMI, HbAlc, previous ulcer, autonomic dysfunction, PPT, 
VPT, MNCV, TFT. Predictors of amputation were previous ulcer, PPT, VPT, 
MNCV, TPT and calcification. Predictors of mortality were creatinine, previous 
ulcer, PPT, VPT, MNCV, TPT and calcification. Using multivariate Cox's regression 
the following independent predictors were found (p<0.05) for ulceration (previous 
ulcer [MNCV at p=0.06]), for amputation (PPT, calcification) and for mortality 
(creatinine and MNCV). 

Conclusions: Measures of small and large nerve fibre function and calcification, 
amongst others, can predict ulceration, amputation and mortality in diabetes. 
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Pharmacokinetics of the rapid-acting insulin analog, insulin aspart, in subjects with 
impaired hepatic or renal function. 

W. Lyness, J. Tyler, A. Lawrence, Novo Nordisk Pharmaceuticals, Inc., Princeton, NJ, 
USA. 

Background and aims: The pharmacokinetics (PK) of insulin aspart (lAsp), a rapid¬ 
acting insulin analog, were studied in subjects with various degrees of hepatic impairment 
(Child-Pugh [C-P] scores 5 to 15, inclusive) and in type 1 diabetes subjects with various 
degrees of renal dysfunction (creatinine clearance >80 ml/min to <30 ml'min). 

Materials and methods: To study the effect of hepatic impairment, 24 male and female 
subjects (6 healthy normals, 18 with hepatic impairment) >/~ 18 years old, with BMI 
values >/= 19 and < /= 38 kg/m2 and fasting plasma glucose values <150 mg/dL, received 
a single dose (0.06 U/kg IAsp) in an open-label, single-center study. The 18 subjects with 
hepatic impairment were grouped (6 per group) by C-P scores as haring Mild (C-P score 
5-6), Moderate (C-P score 7-9), or Severe (C-P score 10-15) hepatic impairment To study 
the effect of renal impairment, 18 male and female type 1 subjects (6 healthy, 12 with 
renal impairment) >/- 18 years, with BMI values >/= 19 and < /= 38 kg/m2 received a 
single dose of IAsp (0.1 U/kg) in an open-label, single-center study. The PK parameters 
(AUC, Cmax, Tmax, CL/F, etc.) were evaluated in all subjects after each was 
administered a single subcutaneous dose of IAsp. Regression analysis was used to 
determine whether PK parameters of LAsp w ere linearly correlated to creatinine clearance 
for renal impairment or to C-P scores for hepatic impairment 

Results: There were no statistically significant differences in values for PK parameters for 
IAsp between normal subjects and subjects with hepatic impairment. Additionally, no 
linear association was found between PK parameter estimates and severity of hepatic 
impairment as determined by the overall C-P score or by any of the parameters of the C-P 
score (encephalopathy, ascites, serum bilirubin, serum albumin, prothrombin time). For 
renal impairment, PK parameters of LAsp were not linearly correlated to creatinine 
clearance (r < 0.14). No safety issues appeared during these studies; LAsp was well 
tolerated by all subjects. 

Conclusions: The results of the hepatic study indicate that PK parameter estimates for 
IAsp are not significantly different for normal subjects and subjects with various degrees 
of hepatic impairment The absorption, distribution, and clearance of IAsp were not 
affected by renal impairment for subjects not requiring hemodialysis. The safety profile 
of IAsp should be comparable among diabetes patients with various degrees of hepatic or 
renal impairment 


51 

PROMISING RESULTS OF 6 MONTHS TREATMENT WITH INSULIN 
DETEMIR IN TYPE 1 DIABETIC PATIENTS 

J- L. Selam 1 , S. Skeie 2 , P. Vague 1 , T. Bayer 4 , and H. Haahr 4 . ^otel Dieu, France, 
2 Hjertelaget Research Foundation, Norway; *Timone Hospital, France, 4 Novo 
Nordisk, Denmark. 

Background and Aims: Insulin detemir is a soluble basal insulin analogue with 
neutral pH and protracted action. The trial investigated the efficacy and safety of 
detemir and NPH, administered twice daily (morning and bedtime), in combination 
with rapid-acting insulin aspart at meals. Materials and Methods: This was a 6- 
month, European, multi-centre, open, asymmetrically randomised (2:1 detemirzNPH), 
parallel group comparison in Type 1 diabetic patients previously on a basal (once or 
twice daily) / bolus regimen > 2 months. Results: The 447 patients exposed to 
detemir (301) and NPH (146) had comparable baseline characteristics: age 39.9 ± 
13.6 years, BMI 24.6 ± 3.3 kg/m 2 , HbA lc 8.1 ± 1.1% and diabetes duration 16.8 ±10.3 
years. A total of 425 patients (284 detemir, 141 NPH) completed the trial. After 6 
months of treatment, no significant difference was observed in HbAi c or fasting 
plasma glucose (FPG), between the two groups of exposed patients. In the per- 
protocol population, i.e. patients who adhered strictly to the treatment regimen 
described in the protocol, a statistically significant difference in FPG was observed in 
favour of detemir (-1.47 raM, p=0.04). Intra-patient variation in fasting blood glucose 
(FBG) during the last 7 days of treatment was significantly lower with detemir 
(SD=3.4mM) compared to NPH (SD-3.8mM), p<0.001. Nightly 8-hour plasma 
glucose profiles (23.00 to 07.00) from a subset of patients (90 detemir, 41 NPH) 
showed a smooth and stable profile with detemir resulting in lower mean plasma 
glucose at 07.00 in favour of detemir (7.51 mM versus 9.45 mM), p=0.013 with a 
95% Cl of [-3.47; -0.41]. No statistically significant differences were observed in the 
incidence of hypoglycaemic episodes or adverse events. Conclusions: 6-month 
treatment with detemir resulted in comparable glycaemic control, but more 
predictable FBG with lower intra-patient variation compared to NPH. Overall safety 
profiles were similar between the two treatments. 
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MEASUREMENT OF INSULIN DETEMIR AND HUMAN INSULIN IN ADIPOSE 
AND MUSCLE TISSUE USING OPEN-FLOW MICROPERFUSION. 

M. Bodenlen2l,2, H.SchaIlerl,2, A.Wuttel, L.V. Jacobsen3, T.Drumll, A-Meinitzerl, J. 
Plank 1, LLBrandmairl, G.A. Brunner 1, L.Schauppl,2, P.Wach2 and T.R. Piebcrl. IDept 
of Internal Medicine, Diabetes and Metabolism, University Graz and 2Dept of 
Biophysics, Inst of Biomedical Engineering, Graz University of Technology, Austria and 
3Novo Nordisk A/S, Denmark 

Background and Aims: Extensive efforts have been made in order to develop human 
insulin analogues to cover basal insulin needs. In the case of the soluble basal insulin 
analogue detemir an intended prolonged insulin action is achieved by means of a low free 
and biologically active fraction due to the high affinity to albumin. Pharmacokinetics in 
serum as well as in interstitial fluid influences the pharmcodynamics of insulin and insulin 
analogues. Thus, the aim of this study was to determine the interstitial concentration of 
insulin detemir and human soluble insulin (HI) in adipose and muscle tissue in order to 
investigate the underlying transport mechanism of insulin detemir into its interstitial site of 
action. Materials and Methods: A constant i.v. infusion of insulin (HI at 6 pmol*kg- 
l*min-l, NN304 at 60 pmol*kg-l*min-l and 120 pmol*kg-l*min-l) and inulin 
(reference substance) was given to 10 healthy volunteers in a randomised, open, three- 
period cross over trial with blood glucose clamped at 5 mmol/L. Open-flow 
microperfusion (OFM) was used to sample interstitial fluid (ISF) in the subcutaneous 
adipose tissue of the abdominal region and the medial quadriceps muscle. Corresponding 
samples of ISF and serum were collected at 80 minutes intervals and analysed for total 
insulin, insulin detemir (albumin-bound and free fraction) and inulin concentrations. 
Absolute ISF concentrations were calculated on the basis of the interstitial inulin recovery 
(inulin in recollected perfusate / inulin in plasma). Results: Constant HI infusion resulted 
in scrum and interstitial adiposeAnuscle concentrations of (mean ± SD) 386.0 ± 35.4 
pmol/L and 100.3 ± 54.5 / 129.6 ± 40.5 pmol/L (26% / 33% of serum insulin), 
respectively. The 10-fold higher dose of insulin detemir raised the serum level to 30532 ± 
4131 pmol/L whereas total interstitial adipose/muscle concentrations remained 
comparativ ely low at 567.6 ± 200.0 / 792.7 ± 316.7 pmol/L (< 3% of serum lev els). With 
the 120 pmol*kg-l♦min-1 insulin detemir dose the total serum level reached 61938 ± 
10751 pmol/L and interstitial adipose/muscle levels 701.2 ± 336.2 / 1356.0 ± 414.9 
pmol/L, respectively (< 3% of serum insulin). Conclusion: The relative concentration of 
insulin detemir in ISF is lower than that of HI. Presumably, this is caused by an impeded 
transcapillaiy transport of insulin detemir due to extensive albumin binding. 
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BENEFICIAL EFFECTS OF INSULIN GLARGLNE COMPARED TO NPH L\ 
SUBJECTS WITH TYPE I DIABETES. 

K. Hershon, T. Blevins, D. Donley and C. Littlejohn. New Hyde Park, NY, USA 

Background and Aims: Insulin glargine (Lantus®), a human insulin analog has 
constant prolonged action compared to NPH human insulin. 

Materials and Methods: In a multicenter, randomized, parallel group study, once a 
day (QD) insulin glargine was compared to twice a day (BID) NPH in subjects with 
type I diabetes previously treated with multiple daily injections of insulin. A total of 
394 subjects (mean age 37.8 years, mean glycohemoglobin (GHb) 7.7%, mean fasting 
blood glucose [FBG] 9.3 mmol/L) were treated for up to 28 weeks. Subjects received 
either QD insulin glargine (bedtime) or BID NPH (morning and bedtime) and were 
allowed preprandiaJ regular insulin as needed. 

Results: FBG was lower at endpoint with insulin glargine with an adjusted mean 
decrease from baseline of -1.38 mmol/L for subjects treated with insulin glargine 
compared to -0.80 mmol/L for subjects treated with NPH (p=0.014). A greater 
percentage of subjects treated with insulin glargine (32.6%) reached a target FBG of 
<6.66 mmol/L at endpoint than subjects treated with NPH (21.3%; p=0.015). In 
addition, similar percentages of subjects who received insulin glargine (35.8%) and 
NPH (35.4%;p=NS) achieved GHb <=7% at study endpoint. Following 1 month of 
titration, the percentage of subjects that reported at least 1 symptomatic hypoglycemia 
event confirmed by a blood glucose (BG) value of <2.8 mmol/L was less in subjects 
treated with insulin glargine (73.3%) compared to subjects treated with NPH (81.7%; 
p=0.021). Furthermore, the percentage of subjects reporting at least 1 symptomatic 
hypoglycemia event confirmed by a BG value <2.0 mmol/L was less with insulin 
glargine (36.6%) than those treated with NPH (46.2%; p=0.033) A low percentage of 
subjects reported a severe hypoglycemia event confirmed by BG <2.0 mmol/L 
(insulin glargine 2.6%; NPH 5.1% fp=NS]). 

Conclusions: QD insulin glargine w'as more effective than BID NPH in improving 
fasting glycemic control with fewer subjects reporting symptomatic hypoglycemia 
events. 
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Additional basal insulin during lispro intensive therapy in a randomised 
multicentre crossover study with a real life design. 

A.M.E. Stades, J.B.L. Hoekstral, I. van der Tweel, C. van Bolhuis, D. W. Erkelens, 
F.HolIeman, and the STABILITY investigators group. Diakonessenhuis Utrecht, 
Centre of Biostatistics, Eli Lilly Nederland B.V., University Medical Centre Utrecht, 
the Netherlands. 

Background and Aims: In an intensive regimen with rapid-acting insulin lispro the 
waning basal insulinaemia might cause high evening glucose values. This study was 
performed to evaluate the glycemic control of patients with type 1 diabetes on insulin 
lispro intensive therapy with an additional lunchtime dose of NPH insulin. 

Materials and Methods: The study was an 10-month randomised multicenter 
crossover trial. After a 2-month run-in period, subjects injected NPH insulin once 
(IxNPH) or twice (2xNPH) daily for 4 months in a randomised order. Patients were 
included if they had HbAlc-levels <8,5%, and had used insulin lispro intensive 
therapy for >3 months. Efficacy measures were HbAlc levels, 8-point glucose 
profiles, and hypoglycaemic events. The statistical analysis included a within-patient 
comparison for crossover trials. 

Results: Of 121 randomised patients 104 patients finished the trial. Three out of 17 
subjects dropped out because of increased mild hypoglycaemia. The mean HbAlc 
levels during IxNPH and 2xNPH were 7.2% ($d=0.93) and 7.1% (sd=0.95), 
respectively. The within-patient differences in HbAlc levels did not differ 
significantly (T-test, mean difFerence=0.06%, p^0.37, 95%CI= -0.073-0.20). The 
predinner and 2-hours postdinner blood glucose values were lower during 2xNPH, 
with a mean difference of 0.76 mM (T-test, p=0.004, 95%CI=0.25-1.3) and 0.66 mM 
(T-test, p^0.027, 95%CI=0.1-1.2), respectively. In the evening hours (18.00-24.00 
hours), the frequency of mild and severe hypoglycaemia increased during 2xNPH 
with a median difference of 0.56 episodes/30 days (range -3.4-5.5, Wilcoxon signed 
rank test, p^O.OOl) and of 6.9 episodes/patient year (range -5.8-26, Wilcoxon signed 
rank test, p-0.007), respectively. 

Conclusions: Equal HbAlc levels and increasing frequencies of hypoglycaemia in the 
evening overshadow the slight improvement of the evening glucose profiles during a 
regimen with twice daily NPH insulin. 

Generalised use of an additional lunchtime injection of NPH insulin cannot be 
recommended to patients with type 1 diabetes using intensive insulin lispro therapy. 
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HbAlc and severe Hypoglycaemia after intensified treatment and education of 
10000 type 1 diabetic patients. Results of a ten years nationwide quality-circle. 
U.A. Muller (1), Meike Femerling (2), A. Risse (3)for the Working Group for 
Structured Diabetes Therapy of the German Diabetes Association (GDA). Dept. 
Intern. Med.II University of Jena, (2) Dept. Intern. Med. District Hospital 
Eckemforde; (3) Dept, of lntem.Med. District Hospital Dortmund Nord, Germany 

Background and Aims: Development and implementation of a nationwide countinuous quality 
management for intensified insulin therapy in clincal routine. 

Materials and Methods: A pccr-rcvicw quality circle was formed as an official working group 
of the GDA based on the formation of a w orking group (ASD) of presently 139 general internal 
medicine departments from city, country and university hospitals. The structured treatment and 
teaching programme for ICT includes multiple daily insulin injections (ICT) or continuous 
subcutaneous insulin infusion (CSI1), several times daily BG self- monitoring,sclf-adaptation of 
insulin dosages by the patients themselves and a far-reaching liberalization of nutrition. The 
group attempted to document and to improve the quality of structure and process of type 1 
diabetes care in its participating institutions by a sy stem of peer supervision. Systematic follow¬ 
up exa m i n ations of fifty consecutive type 1 diabetic patients 12-15 months after participation in 
the programme confirm the outcome quality . The PC-System (DIQUAL) was developed for 
collecting, checking and pooling of the outcome data. 

Results: From 1992 up to 2001 a representative sample of 10912 patients with typcl diabetes 
was examined. HbAlc (mean normal 5.0%) improved from 8.1 to 7.15%. The incidence of 
severe hypoglycaemia fell from 0.355 to 0.164, ketoacidosis with hospitalisation from 0.093 to 
0.030 and the hospitalisation (all causcs)from 5.89 to 3.76 days/patient/year. In the 2001 
evaluation patients with a baseline HbAlc >~8% (37%) had an improvement from 9,8% to 
8,25% together with a reduction of severe hypoglycaemia from 0,21 to 0,13/paticnt/year, 
whereas patients with an acceptable initial HbAlc (<8%; 63%) severe hypoglycaemia could be 
reduced from 0.37 to 0.13/patient/year with only slight increase in HbAlc from 6.65 to 6.75%. 
HbAlc (baseline to reexamination) of the patients with CS1I (16%) was was not to better than 
with pen therapy (8.0 to 7.65% vs. 7.85 to 7.3%), but the reduction in severe hypoglycaemic 
was marked (CSII 0.37 to 0.10; ICT 0.30 to 0.13). Ketoacidois was higher in CSlT (0.11 to 
0.15) than in ICT (0.08 to 0.04). 

Conclusions: Participating institutions reached a metabolic control comparable to the DCCT 
but with less hypoglycemia. Caring for patients with insulin pump therapy should be restricted 
to very experienced institutions. 
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STRONGER MEAL-RELATED EFFECT OF BIPHASIC INSULIN ASPART 
30 COMPARED TO IN SULIN LISPRO MIX 25 LN TYPE 2 DIABETES 

K.H. Her manse n, S. Madsbad, K.Koelendorf, M.Colombo, M. Zander, K.Begtrup, 
A.Oestergaard, AXindhoIm. Aarhus University Hospital DK, Hvidovre Hospital DK, 
Roskilde County Hospital in Koege DK. 

Background and Aims: Biphasic insulin aspart 30 (BIAsp 30) is a new'lowmix' 
formulation consisting of 30% soluble and 70% protamine-crystallised insulin aspart 
(IAsp). The postprandial glycaemic control obtained with BIAsp 30 was compared 
with that of biphasic insulin lispro 25 (Mix 25) and that of standard biphasic human 
insulin 70/30 (BHI30) under strictly controlled meal test conditions. 

Materials and Methods: In this randomised cross-over single-dose trial 61 subjects 
with type 2 diabetes (60.1 ±9.4 years; BMI 27.3±3.6 kg/m2; HbAlc 8.3±1.1 %) were 
exposed on 3 separate study days to the following treatments in random order: BIAsp 
30 injected immediately before a standard breakfast. Mix 25 injected immediately 
before breakfast and BHI 30 injected 15 minutes before breakfast. The dose was 0.40 
U/kg for all three treatments. No intermediate- or long-acting insulin or oral anti¬ 
diabetic agents were allowed for the 24 hours preceding trial days, and pre-injection 
blood glucose target levels of 6-10 mM were obtained by night-time SC injection of 
short-acting insulin if necessary. Mean pre-test fasting serum glucose levels obtained 
were similar between groups (8.4 - 8.6 mmol/L). 

Results: The postprandial serum glucose excursion over 5 hours (EXC0-5h(SG)) was 
reduced for BIAsp 30 by 10% compared to Mix 25 (16.6±4,4 mmoI/l*h vs. 18.9±6,1 
mmol/l*h; p<0.05) and by 17% compared to BIO 30 (20.1±4.9 mmol/l*h; p<0.0001). 
Maximum serum glucose concentration (Cmax) was higher for BHI 30 compared to 
BIAsp 30 (16.7±2.6 vs. 15.9±2.7 mmol/L, p<0.05) but did not differ between Mix 25 
and BIAsp 30 (16.4i3.2. 15.9 vs. 15.9±2.7 mmol/L, NS). Time to maximum serum 
glucose concentration (tmax) was 13 minutes shorter for BIAsp 30 than for BHI 30 
(p<0.01) and 11 minutes shorter than for Mix 25 (p<0.05). These pharmacodynamic 
results were supported by the phar-macokinetic profiles. 

Conclusions: Postprandial glucose was more effectively controlled with the 
newlowmix' formulation BIAsp 30 than with both the conventional BHI 30 and the 
"lowmix" formulation with insulin lispro. Mix 25. Consequently, BIAsp 30 may be 
the preferable choice of the three enabling successful treatment in insulin-resistant 
Type 2 diabetic patients. 
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THE BURDEN OF TYPE 2 DIABETES COMPARED TO THE BURDEN OF TYPE 
1 DIABETES IN PATIENTS UNDERGOING INTENSIVE AND SPECIALIZED 
CARE. 

G. Gallo, J. Cermefto, E. Bruguds, M_ Rigla, R. Cor coy and A. de Leiva. Diabetes Center, 
Hospital de la Santa Creu i Sant Pau, Universitat Autonoma, and Diabem Foundatioa 
Barcelona. 

Background and Aims: Continuous development of the quality of diabetes care is 
essential to monitor the progress towards the reduction of all complications of diabetes. 
We have assessed indicators of diabetes care quality in a specialized ambulatory care unit 
where intensive management of both DM-1 and DM-2 have been implemented since 
1992. Materials and Methods: All Type 1 and 2 diabetic patients (1,100) attending the 
annual evaluation (year 1997) were invited to participate. Descriptive analysis of 114 
indicators was performed (DC Q-Net, EU Consortium protocol, OptiDiab System). The 
quality of the processed data were monitored by detection of incompleteness and 
discordance between electronically captured data and the information shown in patients 
medical records.. SPSS for Windows (v 8.0) was used for statistics, expressing qualitative 
variables in percentage, and quantitative estimations as mean or median (sd). Chi-square, 
Student T and Mann-Whitney tests were used for the comparison of results between DM-1 
and DM-2 patients. Results: 797 patients (442 DM1, 355 DM2). Mean age (y): 39(15) 
versus 65(11); known diabetes duration, 15(11) vs 16(10). Significant differences were 
depicted for the prevalence of obesity (females: 0.28,0.67,males: 0.13, 0.41), tabaquism 
(0.43 vs 0.19), legal blindness (LB) (0.02, 0.07), CHD (0.01,0.10), CVD (0.01,0.06), 
ESRD (0.01,0.04), foot amputations (FA) (0.01,0.01) incidence of CHD (0.02,0.11), 
claudication of lower extremities (0.03,0.17) and peripheral polineuropathy (PNP) 
(0.14,0.32), prevalence of cataracts (0.05,0.25), retinopathy (DR) (0.29,0.43), macular 
edema (ME) (0.05,0.10), advanced ocular disease (AOD) (0.04,0.14), decreased 
palesthesia (0.21,0.47), lack of sensitivity to monofilament (0.14,0.33), absence of pedal 
pulses (0.08,0.18), hypertension (HBP) (0.14, 0.34), macroalbuminuria (MA) (0.08, 0.24), 
hypertriglyceridemia (HTG) (0.04, 0.21), reduced HDL-c (females: 0.13, 0.48; males: 
0.05, 0.21). Mean HbAlc values were similar in both groups: 8.07(1.67), 8.26(2.03). 
Conclusions: The rate of complications was much greater in the DM-2 group (20x for 
ME,10x for CHD, 6x for CVD, 5.25x for HTG, 5x for cataracts, 4x for ESRD and FA, 
3.5x for AOD and LB, 3.0x for MA, 2.43x for HBP and more than 2x for PVD and PNP). 
Incidence of new CHD episodes (5.5x), and PVD (5.7x) were also greater in type 2 
diabetic patients. The study illustrates the need for an anti-smoking campaign, particularly 
among the youngest patients. 
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TRUE OUTCOMES FIVE YEARS AFTER THE IMPLEMENTATION OF 
QUALITY MANAGEMENT OF DL4BETES CARE IN AUSTRIA 
R. J. Gfrerer \ P. Beck 1 , W. Habacher 1 , E. Goerzer 1 , J. Plank 1 , A. Siebenhofer 1 , B. 
Semlitsch 1 , M. GroBschadl 1 , B. Bauer 1 , P. Mrak 1 , M. Jecht 2 , A. Risse 2 , P. Wach 1 and 
T.R- Pieber 1 . 'Forum for Quality Systems in Diabetes Care Austria (Graz), 2 Forum for 
Quality Systems in Diabetes Care Germany (Dortmund). 

Background and Aims: Open benchmarking and the implementation of quality 
circles was considered being a feasible approach for improved management of 
diabetes care. A crucial element in this quality management approach was an effective 
and highly frequent reporting mechanism. Materials and Methods: The group 
initiated quality circles for the purpose of diabetes case discussions. Quality circles 
met at least four times per year, a national quality circle had two meetings per year. 
Quarterly reports were sent to all participants vial e-mail or ground mail, dependent 
on their technical infrastructure. A peer group of 35 GPs and Hospitals was provided 
with a benchmarking software for diabetes care. Biannual reviews of understanding 
the acuteness of items for data collection were performed within the national quality 
cir-cles. The data were additionally analysed according to the diabetes aggregated 
dataset of the World Health Organisation (WHO). The results were aggregated and 
transferred to the datawarehouse of WHO annually. Results: 11000 patient 
examinations in Aus-tria (1996-2000, 100 centers) have been registered. The results 
show Austrian data between 1996 and 2000 about true outcomes (incidence) of 
diabetes care._ 



Pregnancy 

Compl 

Amputations 

Blindness 

Renal 

Failure 

Stroke 

Myocardial 

Infarction 

1996 

n.a. 

n.a. 

0,53% 

1,07% 

0,53% 

2,14% 

1997 

0,15% 

n.a. 

0,33% 

0,83% 

1,81% 

3,45% 

1998 

na. 

0,23% 

0,14% 

0,54% 

1,63% 

1,45% 

1999 

0,18% 

0,07% 

0,17% 

0,22% 

1.61% 

1,81% 

2000 

0.08% 

0,15% 

0,08% 

0,38% 

1,84% 

1,88% 


Table 1: St. Vincent true outcome incidences (%) in diabetic patients in the Austria 
area (n.ainsufficient data). Conclusions: Open benchmarking leads to controlled 
processes. Controlled processes lead to improved outcomes of diabetes care. Substan¬ 
tial improvement could be achieved at newly diagnosed amputations, blindness and 
renal failure. It has to stated that these results were obtained in a limited area with a 
certain numbers of nartirinants. which does not reflect nonulation based situation. 


58 

LONGITUDINAL EVALUATION OF THE OUTCOME INDICATOR MICRO¬ 
ALBUMINURIA BASED ON DATA OF THE DIABCARE FAX SYSTEM 
Eberl S 1 , Atzpodien W 2 , Aerssen v. M 2 , Bachmann W 2 , Bangemann M 3 , Eversmann 
T 3 , Geister S 3 , Hermann R 3 , MitzIofTG 2 , Mojto J 3 , Palitzsch K 2 , Witte A 3 and 
LandgrafR 1 ; 'Diabetes Centre, Department of Internal Medicine - fnnenstadt. 
University of Munich, 2 Hospitals, Germany; 3 DiabetoIogists, Germany 
Aims: Is a quality management programme (DIABCARE Fax System) able to develop 
quality in diabetes care? Methods: Structured documentation of 543 patients were 
obtained 1998 and 1999. The participating doctors had the possibility of continuous 
data evaluation in benchmarking graphs. Vascular risk factors (microalbuminuria 
(MAU), blood pressure (Bp) >130or>80 mmHg, HbAlc>7,5%) were monitored 
Results: In a cohort of 184 patients (typel/type2: n=57/126) MAU was present. From 
these patients subsequent analysis were performed. The duration of diabetes was 
(mm/median/max): typel: 2/11/35, type2: 2/10/33, age: typel: 10/34/75, type2: 
37/64/94, gender (m/0: typel: 28/29, type2: 65/61. 75,4% (typel) and 82,5% (type 2) 
patients remained in the risk profile of MAU, however 18,6% (typel) and 28,8% 
(type2) improved their MAU values til 1999. Additionally these 184 patients were 
analysed after combination of high risk factors. Data are mean values ± SD._ 



MAU + blood pressure i!30 oriSQ mmHg | 

MAU + HbAIc £7.5% | 


Type 1 (n) 

Tvpe 2 (n) 

Tvpe 1 (n) 

Tvpe 2(n) 

1998 

135.8± 17.1/83.2* 8.2(27) 

I49.4± 18. |/86.4± 11.7(81) 

9,3± 2.3 (17) 

9.1+ I I (66) 

1999 

t33.3±23.1/84.0± 13.1 (19: 

137.8+ l8.2/83.4± 11.4(71) 

7.7± 1.6 (9) 

7,4± 1.1 (27) 


83 patients with MAU and HbAIc at risk were evaluated. 58,8% (type 1) and 40,9% 
(type 2) remained in the high risk level; but in 60% (type 1) and 70,4% (type 2) their 
follow up HbAIc values improved. A decrease of HbAIc at risk could be shown in 
76% (type 1) with insulin and 87,9% (type 2) with treatment of OAD and'or insulin. 
44,4% (type 1), 89,6% (type 2) of 108 patients with MAU and Bp at risk remained til 
1999 in the risk profile. However, the analysis showed that 44,4% (typel), 59,3% 
(type2) obtained an antihypertensive therapy. 66,7% (type 1) and 45,8% (type2) of 
them improved their Bp values at risk. Conclusion: DiabCare BAVARIA uncovers 
deficits in diabetes care by evaluations based on guidelines. The results reveals the 
difficulties in translation of activities in quality development in daily practice. 
However DiabCare provides the instruments to support quality circles with analysis, 
feedback evaluations and expert advice. 
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METABOLIC OUTCOME ACHIEVED BY INTENSIVE MANAGEMENT LN 
EUROPEAN DIABETES CENTERS ARE FAR FROM DESIRABLE TARGETS. 

JM. Cubero, M. Hernandez, E. Brugues, J. Cermeflo, R. Corcoy, and A. de Leiva. 
Diabetes Center, Hospital de Sant Pan, Universitat Autonoma, and Diabem Foundation. 
Barcelona 

Background and Aims: Prospective studies (DCCT, UKPDS) have shown the benefits of 
intensive management (IM) on DM-1 and DM-2, European-wide information regarding 
long-term metabolic outcome of IM in daily practice is scant and controversial. We report 
the values of main metabolic indicators for DM- and DM-2 , achieved after 5 years of 
IM implementation in the Diabetes Center, and their comparison with National and 
European networks 

Materials and Methods: All subjects classified as DM-1 and DM-2 (clinical parameters, 
basal and post-glucagon C-peptide, ICA,GAD, IA2 at diagnosis) were invited to the study, 
at the time of the annual evaluation in the year 1997 (written informed consent, approval 
by the Hospital Ethics Committee and the National Data Protection Agency). Most DM-2 
patients had been refened after unsuccessful surveillance at primary care leveL A total of 
797 patients (442 DM-1, 355 DM-2) participated. OptiDiab is a computorized diabetes 
management system designed, ad hoc, after the experience of previous enrolment as a 
partner in various EU Health Care-Telematics Consortia Local information was 
aggreggated, anonymized and compared with that of 13 national collaborative institutions; 
national data were equally processed with institutions from other four European networks 
(DC-QNet). Statistical analysis used SPSS (v. 8.0), expressing data in numbers (mean, sd), 
and percentages; for comparisons, chi-square and Fischer exact tests were used; 
significance* implied p<0.05. 

Results: A structured education plan was follow ed by 90.7% of all patients. SMCBG was 
observed by 89.6% of DM-1 subjects versus 81.6% of DM-2 patients. More than 78 % of 
DM-1 patients received at least 3 daily injections of insulin or sc pump therapy. In the 
DM-2 population, 12% were not pharmacologically treated, 18.6% received oral agents, 
and 73.4% received various insulin regimens, from combined therapy to LIT. Acute 
metabolic episodes (severe hypoglycemia, hyperglycemialcetosis) occurred in 25.0% vs 
13.5%*. Mean HbAIc was 8.07(1.67) vs 8.26(2.03) (<6.5%: 12.2%, 12.9%; <7.5% : 23 6, 
30.1%; >7.5%: 59.2%, 57.0%. Aggreggated HbAIc levels (DCCT adjusted) recorded at 
die annual evaluation (1997) from 5 EU countries (DC-QNet, more than 22,000 patients) 
were 26.9% optimal, 23.2% acceptable and 49.9% poor. 

Conclusions: Long term metabolic outcome of patients under IM in European specialized 
centers are far from achieving the desired goal (HbAlc<m+ 4sd, non-diabetic population). 
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The in-patient costs in the Chinese patients with diabetes from 
1995-1999 

Xu Zhangrong, Hu Chengwei, Zhang Yusheng, Liu Jianqin. Diabetes Center, 
306 Hospital ofPLA, Beijing 100101, China. 

Objective To investigate the in-patient cost change in diabetic patients from 
1995-1999. Method According to ICD-9 code and the standard forms for the 
investigation of medical expenditure, all the patients with diabetes were 
analyzed for their hospital costs. Results 948 cases (1509 admissions) with 
diabetes were used for the analysis. The average total cost was 2383 RMB 
(1US$=8.3RMB) , including 950 for the drugs, 621 for the examinations, 
524 for the bedding and nursing in 1995, and was increased annually to total 
4850 RMB, 1734 for the drugs, 1198 for the examinations, 1564 for the 
bedding and nursing in 1999 respectively, which means 103.7%, 82.5%, 92.9%, 
198.5% increased. The average time in hospital was decreased from 24.6 in 
1995 to 22.6 days in 1999. These diabetic patients with cerebral infarction, 
with hypertension, with cholecystitis and/or gallstones, with upper respiratory 
infection, had spent 2.02* 1.89* 1.32* 3.70 times more money than their 
counterparts without diabetes(4390 vs. 2175, 3560 vs. 1887, 4103vs. 3102, 
2285 vs. 618 RMB, p< 0.01). Conclusion The in-patient medical costs for 
diabetic patients dramatically increased last 5 years. The diabetic patients 
admitted for other diseases spent much more money than their counterparts 
without diabetes. The health economics in diabetes should been paid more 
attention, particularly in China which has biggest diabetic population and is 
fast developing country. 
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CD26 KNOCK-OUT MICE HAVE IMPROVED GLUCOSE TOLERANCE AND 
ELEVATED LEVELS OF INTACT INCRETIN HORMONES. 

T. Elm, U. Ribel, E. Bentsen, A-L. Due, C. F. Deacon, N. Wagtman and RD. 
Carr. Discovery. Novo Nordisk, Bagsvaerd, Denmark. 

Background and alms: Glucagon-like peptide-1 (GLP-1) and glucose- 
dependent insulinotropic hormone (GIP) are incretin hormones that enhance 
glucose-dependent Insulin secretion. Both hormones are degraded by 
dipeptidyl peptidase IV (CD26) forming inactive truncated metabolites. 
Homozygous CD26-/- knock-out mice lack CD26 enzyme. The aim of this study 
was to investigate the influence of both incretin hormones on insulin secretion 
and glucose tolerance in CD26-/- and wild-type mice. Materials and methods: 
36 male C57BL76 wild-type and 36 CD26-/- mice were used. Ora! glucose 
tolerance tests (OGTT, 2g/kg) were carried out in 10 week old mice fasted for 
18 hours. Tail blood was collected at -30, 0, 30, 60 and 120 min, and blood 
glucose concentrations were measured. Four weeks later a similar glucose 
challenge was given, and orbital blood was collected 15 min after for plasma 
hormone determinations. GLP-1 and GIP were measured by specific RIAs 
directed towards the C-terminal (intact + truncated peptides) and N-terminal 
(intact, biologically active peptides) regions of each hormone. Results: The 
area under the glucose curve during OGTT was reduced (p<0.01) in the CD26- 
/- mice compared to wild-type (550 ± 32 and 766 ± 60 mM»min). Insulin levels 
were increased (p<0.0001) in the CD26-/- mice, 232 ± 16 vs 135 ± 12pM in 
wild-type mice. Furthermore, concentrations of intact, biologically active GLP-1 
and GIP were elevated in the CD26-/- mice (GLP-1, 9.8 ± 1.0 vs 6.1 ± 0.8pM, 
p<0.05 and GIP, 110 ± 10 vs 31 ± 2pM; pO.0001). However, there was no 
significant difference in the total amount of incretin hormones secreted (total 
GLP-1, 8.4 ± 0.7 vs 7.8 ± 0.3pM, p=0.38, and total GIP 129 ± 17 vs 175 ± 
19pM,'p = 0.09, CD26-/- vs wild-type). Conclusion: These results demonstrate 
that lack of CD26 enzyme activity results in elevated concentrations of the 
intact, biologically active forms of GLP-1 and GIP. explaining the increased 
insulin secretion and improved glucose tolerance in the CD26-/- mice. 
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GLP-1 ACTIVATES P13K AND PKB IN RAT SKELETAL MUSCLE 
A. Acitores, A. Redondo, M.V. Trigo,'V. Sancho, M. L. Villanueva-Pefiacarrillo 
and I. Valverde. Fundacidn Jimenez Diaz, Madrid, Spain. 

Background and Aims: GLP-1 exerts, in rat and human myocytes, 
insulinomimetic effects upon glucose metabolism, which are not mediated by 
activation of PKA, and that are associated to an increased production of an 
inositolphosphoglycan, considered as a second messenger for insulin action. In 
this work, we have explored whether GLP-1 activates PI3K and PKB, and if its 
glycogen synthase activation effect is affected by wortmannin, a potent PI3K 
inhibitor. Materials and Methods: Strips of the pair soleus muscle (two strips 
per muscle) from one Wistar rat were used for each experiment. Glycogen 
synthase a activity (GSa) was measured as the incorporation of D-[U- M C] 
glucose (0.75pCi) into glycogen, in the presence of 5 mM D-glucose, in muscle 
samples preincubated for 60 min at 37°C in KRB with 1% BSA, and then 
incubated for 10 min in the absence (control) and presence of 10* ,0 M GLP-1 or 
I0' 9 M insulin, and all in the absence and presence of lO^M wortmannin. PI3K 
activity -measured as the PIP3 formation-, and phosphorylation of PKB -by 
Western blotting-, was assayed in muscle strips treated in the same conditions as 
for GSa, but incubated during 3 min. Data are presented as mean±SEM, and 
significance were assessed by Student’s /-test Results: 10' ,o M GLP-1 exerted a 
significant stimulation in GSa activity [173±13% of control (3.1±0.2 U/g, n= 8), 
n=3, p<0.05], which was apparently higher than that induced by I0‘ 9 M insulin 
(I34±2% of control, n=5,/?<0.001); the additional presence of lO^M wortmannin 
completely abolished the increment induced by either GLP-1 (9S±32% of control, 
n=3) or insulin (89±9% of control, n=3). Also, GLP-1 stimulated both, the PIP3 
formation (126±8%, n=3, p<0.02) and the phosphorylation of PKB (222±25%, 
n=3, /7<0.001). Conclusions: In rat skeletal muscle, GLP-1 activates PI3K and 
PKB, and when incubated in the presence of wortmannin, the GLP-l induced 
increment in glycogen synthase a activity was abolished, indicating that PI3K, 
and probably PKB, are implicated in the activation of the enzyme by GLP-1. 
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Inhibition of GIP/GIPR axis prevents obesity 

K. Miyawakil, Y. Yamadal, T. Jomori2, Y. Tsubamoto2, K. Tsukiyamal, A. Kuroel, 
and Y. Seinol 

1) Department of Metabolism and Clinical Nutrition, Kyoto University Graduate 
School of Medicine, Kyoto 606-8507, Japan 

2) Sanwa Kagaku Kenkyusho Co., Ltd, Inabe, Mie 511-0406, Japan 

Background and Aims: Secretion of gastric inhibitory polypeptide (GIP), w hich is a 
potent insulinotropic peptide released from intestinal K cells after absorption of 
glucose or fat, is elevated under a high fat diet. In this study, we examined the 
physiological role of elevated GIP secretion on diet-induced obesity and glucose 
homeostasis. 

Materials and Methods: Mice with GIP receptor (GIPR) deficiency were used in 
following experiments. Wild type (GIPR+/+) and GIP receptor deficient (GIPR-/-) 
mice were fed a high fat (HF) diet from 7 weeks of age to 50 weeks. 

Results: While GIPR+/+ mice showed 35% body weight gain under HF diet (control 
23.3±0.5g vs. high fat 4I.3±1.9g, P<0.01), accompanied with the increased visceral 
and subcutaneous fat mass, fatty liver and adipocyte hypertrophy, GIPR-/- mice did 
not show HF diet induced obesity (control 29.5±1.7g vs. high fat 31.0±l.lg). In oral 
glucose tolerance test, HF diet fed GIPR+/+ mice showed hyperinsulinemia (control 
2204±239 pg/ml vs. HF 52141586 pg/ml at 30 min, P<0.05) with elevated fasting 
blood glucose levels. On the other hand, although HF diet fed GIPR-/- mice had mild 
glucose intolerance compared to GIPR+/F mice, GIPR-/- mice did not show 
hyperinsulinemia (control 1664±23 pg/ml vs. high fat 2041±161 pg/ml). In insulin 
tolerance test, although GIPR+/+ mice fed HF diet revealed obvious insulin 
resistance, GIPR-/- mice fed HF diet are as insulin sensitive as GIPR-/- mice fed a 
control diet. However, no significant differences were observed in the food intake or 
rectal temperature in either group of G1PR+/+ and GIPR-/- mice 
Conclusions: These results propose that elevated GIP secretion has pivotal role in 
diet-induced obesity, indicating that GIP acts as the thrifty gene. 
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Glucagon-Like Peptide-1 for 6 Weeks Improves Glycemic Control, Insulin Sensitivity 
and p-crfl Function in Type 2 Diabetic Patients 

M.Zander, S. Madsbad and J.J. Holst 

Dept of Endocrinology Hvidovre University Hospital and Dept of Medical Physiology, 
the Pan urn Institute, University of Copenhagen, Denmark 

Background and Aims: The intestinally produced peptide hormone Glucagon-like 
Peptide-1 (GLP-1) has been shown to reduce plasma glucose in type 2 diabetic patients. 
Long-term effects of the hormone have never been examined. We therefore examined the 
effects of 6 weeks of GLP-1 infusion on glycemic control, insulin sensitivity and ft-cell 
function in type 2 diabetic patients. 

Materials and Methods: 20 patients with type 2 diabetes w-ere randomly allocated to 
receive continuous s.c. infusion of GLP-1 or saline. Infusion rate: 4.8 pmol/kg/min. The 
patients were matched for sex, age, BMI and fasting plasma glucose. Before (week 0), 
after 1 week (week 1) and after 6 weeks (week 6) of infusion p-cell function 
(hyperglycemic clamp at 30 mmol/I) and 8-h profiles of plasma glucose, hormones and 
FFA were measured Before (week 0) and after 1 week (week 0) of infusion, HbAlc, 
fructosamine and insulin sensitivity (hyperinsulinemic euglycemic clamp) were measured 
Results: For patients receiving saline all measurements remained unaltered during the 6 
weeks. For patients receiving GLP-1 fasting plasma glucose decreased from 14.4±1.0 
(week 0) to 10.8±0.9 (week 1) to 10.1 ± 1.1 (week 6) mmoLl, P0.0001. 8-h mean plasma 
glucose decreased from 15.8±1.2 (week 0) to 10.9±1.0 (week I) to 10.3 (week 6) mmol/1, 
P<0.0001. Fasting levels of FFA decreased from 0.9±0.03 (week 0) to 0.77±0.09 (week 1) 
to 0.63 (week 6) mmol/I, P^0.0005 (week 0 vs week 6). 8-h mean levels of FFA decreased 
from 0.6410.08 (week 0) to 0.55±0.06 (week 1) to 0.4910.06 (week 6) mmol/1, P=0.01 
(week 0 vs week 6). HbAlc decreased from 9.210.6 (week 0) to 7.3 (week 6) %, P=0.003. 
Fructosamine decreased from 349±23 (week 0) to 282±16 (week 6) pmol/l, P=0.0002. 
Insulin sensitivity increased from 2.1±0.7 (week 0) to 3.9±1.0 (week 6) mg glucose/kg 
lean body mass/min, P=0.003. First phase responses of the ft-cell (incremental AUC levels 
of C-peptide 0-10 min) increased from -2491509 (week 0) to I936±1I24 (week 1) to 
3400±919 (week 6) pmol*min, P=0.02. Maximal secretory capacity (C-peptide) increased 
from 26181383 (week 0) to 5040±836 (week 1) to 56901893 (week 6) pmoU, P<0.0001. 
Conclusions: In type 2 diabetic patients continuous subcutaneous infusion of GLP-1 
reduces fasting and 8-h mean plasma glucose by 4.3 and 5.5 mmol/l. HbAlc decreases by 
1.3% and fructosamine normalises. Fasting and 8-h mean levels of FFA decreases by 30 
and 23 % respectively and insulin sensitivity improves by 84%. Furthermore p-cell 
function improves. 
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THE GLP-1 ANALOGUE, NN2211, INHIBITS FREE FATTY ACID- 
INDUCED APOPTOSIS IN PRIMARY RAT [5-CELLS. 

S. Brcgcnholt, A- Moldrup, N. Blumc, L. Bjerre Knudsen and J. S. Petersen. 
Novo Nordisk, Bagsvserd, Denmark. 

Background and aims: NN2211 is a long-acting GLP-1 derivative with phar¬ 
macokinetic properties suitable for once daily administration in humans. It has 
been demonstrated both in vivo and in vitro that that GLP-1 can increase the p- 
cell mass. It has not been investigated whether this could be due to inhibition of 
(5-ccIl apoptosis. Materials and methods: Pancreatic islets were isolated from 
neonatal rats. Islets w ere incubated for 16 hours with 1 mM free fatty acids (2:1 
oleic acid:palmctic acid) with or without NN2211 or GLP-1. Islets wore dis¬ 
persed, stained with the DNA binding dye 7-AAD and submitted to flow cy¬ 
tometric analyses of DNA content. In separate experiments, apoptosis was in¬ 
duced in the (5-ccll lines RIN and INS-1 as above and cellular viability was 
assessed using a standard MTT assay. Results: Approx. 60% of the primary p- 
cell displayed fragmented DNA as a sign of apoptosis when incubated with free 
fatty acid for 16 hours. NN2211 reduced the frequency of apoptotic cells in a 
dose-dependent manner, reaching 50% inhibition of apoptosis at 100 nM 
(p<0.005). GLP-1 also protected p-cctl from free fatty acid-induccd apoptosis 
but only by 25 % at 100 nM (p<0.01). Thus, NN2211 was 2-fold more efficient 
than native GLP-1 in protecting p-cells from free fatty acid induced apoptosis 
(p<0.01). The anti-apoptotic effect of NN2211 was GLP-1 receptor specific as 
NN2211 protected GLP-1 receptor positive but not GLP-l receptor negative p- 
■ cell lines from free fatty acid induced apoptosis. The anti-apoptotic capacity of 
NN2211 could be mimicked by addition of the cAMP-inducing agent forskolin. 
In addition, the anti-apoptotic effect of NN2211 could be partially blocked by 
the P13 kinase inhibitor wortiuannin (p<0.005), but not by the protein kinase A 
inhibitor H98. Conclusions: These data demonstrate that GLP-1 and the long- 
acting derivative, NN2211, arc potent inhibitors of free fatty acid-induccd 
apoptosis in primary p-cclls and that the anti-apoptotic signaling of these hor¬ 
mones are dependent on pathways involving cAMP and the PI3 kinase but not 
the protein kinase A. 
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Abnormal responsiveness of insulin release to exogenous pyruvate in patients 
with physical exercise-induced hyperinsulinemic hypoglycemia 
Timo Otonkoski, Nina Kaminen, Thomas Meissner*, Ertan Mayatepek*. Juha Kere 
and Ukka Sipila. Hospital for Children and Adolescents, University of Helsinki, 
Finland and ‘University Children's Hospital, Heidelberg, Germany 

Aims: We have recently described two patients, in whom strenuous physical exercise 
leads to hypoglycemia caused by inappropriate insulin release (exercise-induced 
hyperinsulinism; EIHI). In the normal pancreatic beta cell, exogenous pyruvate does 
not stimulate insulin release. We hypothesized that the increased levels of lactate 
and/or pyruvate during anaerobic exercise would trigger the aberrant insulin secretion 
in patients with EIHI. The aim of this study was to test this hypothesis. 

Methods: Ten patients (6 females and 4 males from 3 families) were diagnosed to 
suffer from EIHI, based on hypoglycemia and more than 3-fold increase in plasma 
insulin induced by a 10 min bicycle ecercise test. Sodium pyruvate (8.2 mmol/m2) 
was infused intravenously in 60s, and plasma insulin levels were measured at 1, 3, 5, 
10 and 30 mia Six healthy controls were tested in a similar manner. 

Results: Blood pyruvate level peaked 6.5-fold (from 49 to 307 pmol/l) in the patients 
but only 3.2-fold in the controls (p<0.05). Blood glucose levels were significantly 
lower at 10 min in the patients than in the controls (3.8 vs. 4.7 mmol/1, p<0.05). 
Insulin secretion in the healthy controls did not respond to the pyruvate bolus. 
However, all EIHI patients responded to pyruvate with a brisk increase in their plasma 
insulin (1+3 min response 79 ± 31 mU in the patients, vs 6+0.7 mU in the controls, 
p<0.05). The mean stimulation index was 5.1-fold in the patients and 0.9-fold in the 
controls (p<0.01). 

Conclusions: Our findings indicate that EIHI is an autosomally dominantly inherited 
trait characterized by abnormal pyruvate-induced insulin release. Its pathogenesis may 
involve monocarboxylate transport or metabolism in the beta cell. EIHI is a new 
hyperinsulinemia syndrome which may be more common than has been realized. The 
pyruvate test provides a simple, safe and specific diagnostic test for this condition. 
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Normal Early Phase but Defective Late Phase Insulin Secretion in Type 2 
Diabetic Patients in response to GIP 
T. Vilsboll, T. Krarup, S. Madsbad and J.J. Holst, 

Department of Internal Medicine, Gentofte Hospital and The Panum Institute, 
University of Copenhagen, Denmark 

Background and Aims: The incretin hormone glucagon-1 ike-peptide (GLP)-I is 
strongly insulinotropic in type 2 diabetic patients, whereas glucose-dependent 
insulinotropic polypeptide (GIP) has little or no effect in these patients. In the present 
investigation we evaluated "early and late phase" insulin and C-peptide secretion in 
response to GLP-1 and GIP stimulation in patients with type 2 diabetes mellitus. 
Materials and Methods:. Eight type 2 diabetic patients (age: 55(49-59) years; BMI: 
29.5(27.6-34.4) kg/m2; FPG: 10.1(7.6-13.7) mmol/1; HbAlC: 7.4(5.3-9.8)%) were 
studied on 4 different experimental days. For comparison 6 matched healthy subjects 
were examined. During a hyperglycaemic clamp (15 mmol/1) we infused (per.kg body 
weight/min) either: 1 pmol GLP-1 (7-36)amide, 4 pmol GIP, 16 pmol GIP (n=4) or no 
incretin hormone (n=5). 

Results: In type 2 diabetic patients total early phase (0-20 min) insulin (mean±SEM) 
and C-peptide (in brackets) AUCs(0-20min) were: 3.55+0.73 (26.62+2.37) 20min x 
nmol/1 during GLP-1 infusion, and 3.06+0.93 (24.06+3.61) nmol x min/1 during low 
dose GIP infusion (NS). Corresponding results were: 2.39+0.59 (22.08+1.81) after 
glucose only. The "late phase" (20-120 minutes) insulin and C-peptide responses 
(AUC) were: 97.21+41.66 (374.94+63.67) lOOmin x nmol/1 after GLP-1 stimulation 
and 22.19+7.61 (186.64+35.60) lOOmin x nmol/1 after GIP (4 pmol) in type 2 diabetic 
patients (p<0.01(p<0.01)). Corresponding responses were 16.14+5.19 (146.04+24.74) 
after glucose only. "Late phase" insulin secretion in response to GLP-I stimulation in 
type 2 diabetic patients was indistinguishable to the response to glucose alone in the 
healthy subjects. With GIP (low + high dose) "late phase" insulin secretion was 
similar to glucose alone in type 2 diabetic patients. Total amount of glucose (g) given 
after 2 hours (mean+SEM); GLP-1: 61.5+8.5 g; GIP: 33+3.6 g and no incretin 
hormone: 29.8+5.3 g. 

Conclusions: We conclude that type 2 diabetic patients have preserved "early and late 
phase" insulin and C-peptide responses to GLP-1, whereas they have a defective late 
phase response to GIP, which may contribute to the pathogenesis of type 2 diabetes 
mellitus. 
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Characterization of the bifunctional enzyme 6-phosphofructo-2-kinase/fructose- 
2,6-bisphosphatase expression in pancreatic beta cells 

S. Baltrusch, L. Massa, S. Lenzen and M. Tiedge, Institute of Clinical Biochemistry, 
Hannover Medical School, 30623 Hannover, Germany 

Background and Aims: Glucokinasc (GK) plays a key role in the process of glucose 
recognition in pancreatic beta cells and of glucose metabolism in liver. A phage display library 
screening revealed the bifunctional glycolytic enzyme 6-phosphofructo-2-kinase/fructose-2,6- 
bisphosphatase (PFK-2) as a GK binding protein. In two-hybrid studies the GK interaction with 
the PFK-2 liver isoform was shown. It was the aim of this study to elucidate which PFK-2 
isoform is present in pancreatic beta cells. 

Materials and Methods: A specific PFK-2 RACE PCR was performed with LD pancreatic 
islet cDNA. The sequences of the PCR fragments were obtained by the didcoxy-chain 
termination method. Homology plots were generated by Fasta3 and NCBI-Blast2 searches 
(EBI) on the basis of GcncBank cDNA sequences of different PFK-2 isoforms from the raL A 
full length rat islet PFK-2 cDNA was amplified from islet cDNA with specific primers coding 
for the brain isoform of rat PFK-2. Northern blot analjscs were performed w ith total RNA from 
rat tissues. 

Results: 5’-RACE and Northern blot analyses revealed that rat pancreatic islets express the 
brain isoform of PFK-2. A minor portion of the islet PFK-2 cDNA clones comprised a novel 
splice variant with five additional amino acids in exon 9 of the kinase domain. Northern blot 
analyses of various rat tissues with a PFK-2 0.9 kb cRNA probe cloned from rat pancreatic 
islets, which contained the additional iniron sequence, revealed strong 4.2 kb and 2.1 kb 
hybridization signals in insulin-producing RINm5F cells, INS-1 cells and rat pancreatic islets. 
A distinct expression of the islct/brain PFK-2 mRNA could be also observed in brain, testis, 
heart and kidney, however, with a weaker intensity compared to insulin-producing cells. The 
binding of the islet/brain PFK-2 isoform to GK was comparable to that of the liver isoform. 
Conclusion: The interaction between GK and the bifunctional enzyme PFK-2 may provide the 
rationale for recent observations of a partial channeling of glycolytic intermediates between 
glucokinasc and other glycolytic enzymes in dependence on the level of Fru(2,6)P2. In 
pancreatic beta cells this interaction may have a regulatory function for the metabolic stimulus- 
secretion coupling for glucosc-induced insulin secretion through changes of the Fru(2,6)P2 
level and for modulation of the brain type PFK-2 activity. 
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GAD65-mediated glutamate decarboxylation reduces glucose-stimulated insulin 
secretion in LNS-1E beta cells and rat islets. 

P, Maechler, B. Rubi, R Ishihara and C.B. WoIIheim. Division of Clinical 
Biochemistry, Department of Internal Medicine, University Medical Center, Geneva, 
Switzerland. 

Background: Mitochondrial metabolism plays a pivotal role in the pancreatic beta 
cell by generating signals coupling glucose sensing to insulin secretion. We have 
previously demonstrated that mitochondrially-derived glutamate directly participates 
in the stimulation of insulin exocytosis. 

Methods: Our approach was to impose altered cellular glutamate levels by 
overexpression of glutamate decarboxylase (GAD) in order to repress elevation of 
cytosolic glutamate. 

Results: INS-1E cells infected with a recombinant adenovirus vector encoding 
GAD65 showed efficient overexpression of the GAD protein with a parallel increase 
in enzyme activity. In control cells challenged with 15mM vs. 2.5mM glucose, there 
was a 2 3-fold increase in cellular glutamate levels. Upon GAD overexpression, 
glutamate concentrations were decreased both at 2.5mM (-36%, p<0.05) and at 15mM 
glucose (-40%, p<0.02). Insulin secretion was efficiently stimulated in control cells 
by 7.5 or 15mM glucose, and by 30mM KC1 used to raise cytosolic Ca2+ levels. INS- 
1E cells overexpressing GAD exhibited impaired insulin secretion upon stimulation 
with I5mM glucose (-37%, p<0.05), while the KCI response was preserved. In 
perifused rat islets, adenovirus-induced GAD65 overexpression reduced glucose- 
stimulated insulin release by 31% (p<0.05). 

Conclusions: GAD65-mediatcd glutamate decarboxylation activity in beta cells 
resulted in decreased glutamate levels and impaired glucose-evoked insulin secretion. 
These results are compatible with a role for glutamate as a glucose-derived factor 
participating in insulin exocytosis. 
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KATP channels at the nuclear membrane induce nuclear Ca2+ signals and gene 
expression. 

B. Soria, I. Quesada, J.M. Rovira, F. Martin, E. Roche and A. Nadal. Institute of 
Bioengineering, Miguel Herndndez University, San Juan Campus, 03550 San Juan de 
Alicante. Spain 

Background and Aims: Whilst the sequence of events linking glycemia with the 
activation of the exocytotic machinery is well described, the molecular mechanisms 
involved in glucose regulation of gene expresion is still unknown. In spite of a 
substantia] amount of information concerning localisation of Ca2+ related to the 
secretory process, little is known about Ca2+ signals located in other subcellular 
organelles. It is well satblished that the nucleoplasmic concentration of free Ca2+ 
regulates gene transcription, yet how the nucleoplasmic Ca2+ signals are generated, is 
still unclear. The aim of this study is to investigate the molecular pathway that links 
glucose metabolism with gene expression. 

Materials and Methods: Mouse islet cells were cultured during 24 hours. Nuclei 
isolation was performed by brief cell sonication and centrifugation. Nucleoplasmic 
Ca2+ concentration was analised with spot confocal and conventional confocal 
microscopy meanwhile nuclear KATP activity was measured with satandard patch- 
clamp methods. Localization of sulphonylurea receptors was reportal by 
glybencIamide-BODIPY labelling and cell identification by inmunocytochemistry. C- 
Myc expression was evaluated using fluorescence in situ hybridization. 

Results: We report here the existence of a glucose-regulated KATP channel at the 
nuclear envelope with similar properties to that on plasma membrane. The channel is 
sensitive to the specific blocker tolbutamide, wich rises nuclear calcium in the 
nucleoplasm of isolated nuclei. We also demonstrate that these Ca2+ signals triggers 
C-myc expression in isolated cells. 

Conclusions: This study provides the first demostration of a functional KATP 
channel in nuclei linking glucose metabolism, nuclear Ca2+ rises and gene expression 
in pancreatic B-celis. 
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EXTRACTION OF FATTY ACIDS FROM RAT PANCREATIC ISLETS 
RESULTS IN A MASSIVE AUGMENTATION OF GLUCOSE-STLMULATED 
INSULrN SECRETION. 

S.G. Straub, P. Ivanova, R A. Brown and G. W.G. Sharp. 

Background and Aims: Fatty acids have complex effects in the control of insulin 
secretion. Acute exposure of islets to palmitate and other fatty adds increases insulin 
release. Chronic exposure to fatty adds inhibits secretion. To investigate the role of 
fatty adds further, wc studied glucose-stimulated insulin release by rat pancreatic 
islets that had been depleted of fatty acids. 

Materials and Methods: Rat pancreatic islets were isolated by collagenase digestion 
and incubated with 0.68% fatty add-free BSA for up to four hours. Glucose- 
stimulated insulin release was measured under perifusion conditions and insulin 
measured by RIA. Palmitate and other fatty adds in the islets and in the'extracting' 
media were measured by HPLC and electrospray ionization mass spectrometry'. 
Results: 16.7 mM glucose-stimulated insulin release was enhanced up to ten-fold by- 
four hours exposure to fatty add-free BSA (n=8; P<0.01). Both the first and second 
phases of release were enhanced as w as the KATP channel-independent effect in the 
presence of KCI and diazoxide (n=4; PO.01). This massive responsiveness was 
associated with the removal of palmitate from the islets and its accumulation in the 
0.68% BSA media. The enhanced response to glucose-stimulation was completely 
inhibited by 1 microM norepinephrine. Exposure of islets during the incubation period 
with 0.68% BSA, to the general PKC inhibitor Ro 31-8220 abolished the response 
(n=8; P<0.01) while Go 6976, which inhibits classical PKC isoforms, had no effect 
(n=4). Calphostin C, which inhibits the classical and novel isoforms, PKCmu and 
other DAG binding proteins, inhibited the response by 96% (n=4; P<0.01). Inhibition 
of the response by cerulenin suggests that protein acy lation is also involved 
Conclusions: These data suggest that the massive (ten-fold) enhancement of insulin 
secretion is dependent upon a novel isoform of PKC or one of the PKCmu/PKD type. 
The data demonstrate the importance of fatty acids, and palmitate in particular, to the 
control of insulin secretion. The massive enhancement of insulin secretion suggests 
the possibility of pharmacological or dietary intervention to markedly enhance 
glucose-stimulated insulin secretion. 
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T Two components of activity-dependent transient K+-eurrent (IKslow) in 
mouse pancreatic B-cells 

S.O. Gopel, T. Kanno and P. Rorsman, Institute for Physiological Sciences, Lund 
University, Sweden 

Background and Aims: The amount insulin secreted correlates with the time B-cells 
are electrically active. At intermediate glucose concentrations B-cells within intact 
islets generate bursts of action potentials which are rarely seen in dispersed B-cell, the 
standard preparation for patch-clamp experiments. We applied the patch-clamp 
technique to functionally identified B-cells within intact islets in order to identify the 
processes involved in the generation of the bursts of action potentials. Material and 
Methods: All experiments were performed in the perforated patch configuration on 
B-cells within intact pancreatic mouse islets. Results: Trains of simulated action 
potentials associated with the gradual development of an outward K+-current 
(IKslow) with an average amplitude of 80±28 pA (n=I0). IKslow flowed through 
both sulphonylurea-sensitive TEA-resistant KATP-channels and sulphonylurea- 
resistant TEA-blockable K+-channeIs. In the presence of tolbutamide (0.1 mM), the 
peak current amplitude averaged 21±3 pA (P<0.05 vs. control). Upon cessation of 
electrical activity, this current deactivated with a biphasic time course. The kinetics of 
deactivation could be described as the sum of two exponentials with time constants (t) 
of 0.9 s and 20 s. The rapid component was blocked by TEA (10 mM) whereas the 
slow component was abolished by tolbutamide. Increasing the glucose concentration 
from 10 to 20 mM reduced the slow (KATP-channel dependent) component by 50% 
whilst not affecting the peak amplitude. The Ca2+-ATPase inhibitor thapsigargin 
increased electrical activity evoked by 10 mM glucose two-fold. This effect was 
associated with a 25% reduction of peak IKslow but there was no change in the 
holding current that could account for the stimulation of electrical activity. 
Conclusions: We propose that: I) Ca2+-entry during electrical activity leads to an 
increased K+-conductance (IKslow) triggering membrane repolarization; 2) IKslow 
flow’s through two types of K+-channel with distinct pharmacology, regulation and 
deactivation kinetics, one of which being identical to the KATP-channels; and 3) 
thapsigargin may stimulate electrical activity by exerting an ATP-sparing action by 
inhibition of the Ca2+-ATPase thus preventing rapid reduction of the cytoplasmic 
ATP/ADP-level, opening of KATP-channels and membrane repolarization. 
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GLUCOSE AND 12- LIPOXY GENASE REGULATE GLUT-1 mRNA STABILITY' 
IN VASCULAR ENDOTHELIAL AND SMOOTH MUSCLE CELLS. 

S. Sasson, E. Alpert, *N. Bashan and IL Totary. 

Dept of Pharmacology, Faculty of Medicine, Hebrew University, Jerusalem, and *Ben- 
Gurion University, Beer-Shcva, Israel. 

Background and Aims: High glucose levels decrease the total cell content of GLUT-1 
mRNA and protein in vascular endothelial and smooth muscle cells, thus, protect them 
against deleterious effects of increased intracellular glucose. We have previously shown 
that the 12-lipoxygenase (12-LO) product, 12-lib’it, is involved in this mechanism. 
Indeed, 12-lipoxygenase expression and activity is increased in vascular cells exposed to 
hyperglycemic conditions. Inhibition of 12-LO results in increased levels of GLUT-1 
mRNA and protein. The present study was aimed at identifying whether high glucose and 
12-HETE affect the transcription and/or the stability of GLUT-1 mRNA. Methods: (1) 
Bovine aortic endothelial and smooth muscle cells were transfected with CAT expressing 
pGTl-1.3 plasmids under the control of enhancers 1 & 2 and the promoter of GLUT-1. 
The cells were exposed to various glucose concentrations in the absence or presence of LO 
inhibitors. (2) Various 3’UTR sequences of GLUT-1 mRNA were subcloned into the 
3TJTR of the luciferase gene in PGL-2 promoter vector. Luciferase activity was measured 
following transfection of cells and incubation at various glucose concentrations without or 
with LO inhibition. (3) RNA Electro-Mobility Shift Assay (REMSA) and UV cross- 
linking with various 3’UTR sequences of GLUT-1 were used to study the interaction of 
proteins from vascular cells, exposed to various glucose levels and LO inhibitors. Results: 
(1) No evidence for glucose- or 12-LO-dependent transcriptional regulation of GLUT-1 in 
vascular cells was found (2) However, at 25 mM glucose the nucleotide sequence 2098- 
2300 of GLUT-1 3’UTR reduced luciferase activity by -30%. Treatment cf these 
transfected cells with LO inhibitors reversed this effect and produced luciferase activity 
similar to that observed in vascular cell incubated at 5 mM glucose. (3) UV cross-linking 
and REMSA of this 3’UTR region showed interactions of specific cytoplasmic proteins, 
which are affected by pretreatment of cells with glucose and LO-inhibition. Conclusions: 
The regulation of glucose transport in vascular endothelial and smooth muscle cells by 
hyperglycemia and 12-HETE is directly related to corresponding changes of GLUT-1 
mRNA levels in vascular cells. These changes do not result from transcriptional regulation 
of the GLUT-l gene. However, this study shows a post-transcriptional regulation in 
GLUT-1 mRNA via specific interaction of cytosolic proteins, which interact with specific 
sequences of GLUT-1 mRNA 3’UTR. The interactions of these specific proteins seem to 
be regulated by glucose and HETEs. 
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ROLE OF 62-PROTEIN KINASE C ON HYPERGLYCEMIA INDUCED 
INCREASE ON NITRIC OXIDE PRODUCTION 

M.E. Pacheco, M. Salaices, A.M. Manso, EL Cebollero, M. Miguel and J. Redondo. Dpto. 
Faimacologia y Terapdutica, Facultad de Medicina, Universidad Autdnoma, Madrid 
(Spain). 

Background and Alms: It is widely accepted that the development of vascular disease in 
diabetic patients is greatly accelerated by the coexistence of hypertension. Several clinical 
studies have consistently concluded that hyperglycemia is a primary cause of diabetic 
vascular complications. Moreover, changes on inducible nitric oxide synthase (iNOS) 
expression by interleukin-IB (IL-1B) have been proposed to play an adaptive role in the 
vascular response to injury. Therefore, the goal of the present study was to determine 
whether hyperglycemia interferes on nitric oxide (NO) production and iNOS expression in 
IL-IB-stimulated vascular smooth muscle cells (VSMC) from normotensive and 
hypertensive rats. Materials and Methods: Cultured VSMC from normotensive 
Wistar-Kyoto (WKY) and spontaneously hypertensive (SHR) rats were used. Cells were 
incubated with either 5 mM (control) or 22 mM (hyperglycemic conditions) glucose for 72 
hours and stimulated with IL-IB (10 ng/ml) for the last 24 hours. Nitrite production by 
Griess reaction and iNOS expression by Western-blotting were determined. Results: 
Under normoglycemic conditions, IL-IB produced an increase on nitrite levels (WKY: 
from 11.8±l .6 to 64.4±8.9 nmol/mg protein, p<0.01; SHR: from 16.5±3.2 to 73.1 ±8.6 
nmol/mg protein, p<0.01). Such effect was even higher when cells from WKY were 
submitted to hyperglycemic conditions (nitrite levels: from 64.4±8.9 to 95.2±14.5 
nmol/mg protein, p<0.05). However, no effect by hyperglycemic conditions was observed 
in SHR VSMC. In accordance to this only VSMC from WKY stimulated with IL-IB 
showed an enhanced iNOS expression under hyperglycemic conditions. 
Hyperglycemia-induced effect on NO production and iNOS expression in WKY cells was 
abolished by the non-selective protein kinase (PKC) inhibitor calphostin C (I pM) or the 
B2-$eIective PKC inhibitor LY379196 (30 nM). Nevertheless, both PKC inhibitors show 
no effect on cells from hypertensive rats. Conclusions: High glucose seems to increase 
induction of iNOS, and subsequently NO production, by activating the B2 PKC isoform in 
VSMC from normotensive animals. However, hyperglycemia does not affect iNOS 
expression levels in VSMC from hypertensive animals. This last result suggests that the 
induction of this enzyme by different stimuli may be altered in hypertension, which could 
reflect a loss of the adaptive role assigned to iNOS in the vascular response to injury in 
hypertension. (Supported by grants from DGICYTBXX2000-0153 and Lilly. LY379196 
was a gift of Lilly Research Laboratories). 
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EFFECTS OF GLUCOSE AND a-LIPOIC ACID ON GLUTATHIONE LEVELS, DNA 
DAMAGE AND APOPTOTIC PROTEINS IN SMOOTH MUSCLE CELLS. 

S.M. Nally, L.A. Powell, W.E. Allen & E.R. Trimble, Dept Clinical Biochemistry, 
Queen’s University of Belfast, UK 

Introduction and aims: Oxidative stress plays a role in the pathogenesis of diabetic 
vascular complications; one element in this is intracellular glutathione (GSH) 
depletion. The aim of this study was to investigate the relationship between 
intracellular GSH, DNA damage and signs of apoptosis in vascular smooth muscle 
cells (VSMC) in vitro. Methods: VSMC were cultured in 5mM (NG), 25mM (HG) 
D-glucose or HG with the addition of a-lipoic acid (LA, 50jiM) for 10 days. GSH 
was measured by a recycling assay. DNA damage was measured by the Comet assay. 
Nuclear morphology was assessed by Hoechst staining; expression of anti-apoptotic 
(Bcl-2, Bd-xL) and pro-apoptotic (Bax, Bcl-xS) proteins was assessed by 
quantitative confocal microscopy. Results: GSH levels were decreased in HG and 
restored by the addition of LA (8.5±3.8,3.8±1.6, 6.9±3.2 pmol/mg protein, NG, HG, 
HG+LA; NG vs HG, HG vs HG+LA, p< 0.005, n=6). DNA damage was increased 
in HG (4.8±0.8% vs 17.0*1.8% tad DNA, NG vs HG, p<0.01, n=200) and reduced 
by the addition of LA (17.0±1.8%, 7.6 ± 1.0% tail DNA, HG vs HG+LA, p<0.001 
n=200). VMSC cultured in HG did not show the nuclear characteristics of 
apoptosis. However, there was both an increase in Bcl-2 (NG vs HG, p<0.002, 
n=15) and Bcl-xL (NG vs HG, p<0.05, n=15) and a decrease in Bax (NG vs HG, 
p<0.005, n=24) and Bcl-xS (NG vs HG, p<0.001, n=16) in HG, ie increasing 
resistance to apoptosis. The addition of LA increased Bax (HG vs HG+LA, p<0.001, 
n=24) and Bcl-xS (HG vs HG+LA, p<0.001, n=16) as well as Bcl-2 (HG vs 
HG+LA, p<0.02, n=18) and Bcl-xL (HG vs HG+LA, p<0.002, n=14) in comparison 
to HG alone. Conclusion: Restoration of intracellular GSH by the addition of LA 
reduces glucose-induced DNA damage. VSMC survival is potentiated by increased 
expression of anti-apoptotic and decreased expression of pro-apoptotic proteins 
during glucose-induced oxidative stress. 
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EFFECTS OF GLUCOSE AND FATTY' ACIDS ON FREE RADICAL- 
INDUCED DAMAGE LN VASCULAR SMOOTH MUSCLE CELLS. 

LA Powell u . JS Hamilton 1 , D McMaster 2 and ER Trimble 1,3 . Depts of Clinical 
Biochemistry and Medicine 2 , Queen’s University , Belfast and Dept of Clinical 
Biochemistry 3 , The Royal Group of Hospitals, Belfast, UK. 

Background and Aims: Diabetes represents a serious disturbance of homeostasis of 
glucose and fatty acid metabolism which may alter the cells’ antioxidant defences. 
The aim of this study w'as to investigate the effects of high glucose and fatty acids on 
the antioxidant status and subsequent effects on free radical-mediated damage in 
porcine vascular smooth muscle cells (PVSMC) in vitro. Methods: PVSMC were 
grown in 5mM (NG) or 25mM (HG) D-glucose for 10 days. Physiological 
concentrations of linoleic acid (0.1 mM) and a-linolenic acid (0.0ImM) were added 
for the final 3 days of culture (BSA as carrier). Results: HG significantly decreased 
glutathione (GSH) levels (1.2±0.2 v 1.8*0.3 pM/mg protein, HG v NG) but had no 
effect on glutathione peroxidase (GPX), glutathione reductase (GR), catalase or total 
superoxide dismutase (SOD) activity. A significant increase in malondialdehyde 
(MDA, 561 ±53 v 354±20 pM/mg protein, HG v NG) and protein carbonyl formation 
(7.4±0.5 v 4.8+0.3 nM/mg protein, HG v NG) was observed in HG. Addition of a- 
linolenic acid significantly increased GSH levels (2.9+0.7 v 1.2±0.1 pM/mg protein, 
HG v BSA control) and catalase activity in HG (13.9±1.0 v 9.5±0.2 U/mg protein, 
HG v BSA control) but decreased GPX and GR activity. This increase in GSH was 
accompanied by a significant elevation in the mRNA expression of both subunits of 
y-glutamylcysteine synthetase (rate-limiting enzyme in GSH synthesis). Linoleic acid 
had no effect on GSH levels, GPX, GR or SOD activity but significantly increased 
catalase activity (15.3±0.6 v 11.8+1.6 U/mg protein, HG v BSA control). The 
addition of linoleic acid also caused significant increases in both MDA (895±42 v 
604±50 pM/mg protein, HG v BSA control) and protein carbonyl formation (9.6+0.2 
v 7.3±0.3 nM/mg protein, HG v BSA control) in HG. By contrast, a-linolenic acid 
significantly reduced MDA (472±23 v 582±38 pM/mg protein, HG v BSA control) 
and protein carbonyl formation (5.0±0.2 v 6.5±0.04 nM/mg protein, HG v BSA 
control) in PVSMC. Conclusions: Linoleic acid increases free radical-mediated 
damage in PVSMC whereas a-linolenic acid decreases the oxidative damage in both 
glucose concentrations. These results have considerable implications in the treatment 
of diabetes whereby supplementation with a-linolenic acid may increase antioxidant 
defences and reduce free radical damage in the vasculature. 
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GLUCOSE-POTENTIATED VASCULAR SMOOTH MUSCLE CELL 
CHEMOTAXIS IS MEDIATED BY PHOSPHOINOSITIDE-3-KINASE-P110p 
W.E. Allen, C. Sawyer*, M. Campbell, B. Vanhaesebroeck* and E.R. Trimble, Dept. 
Clinical Biochemistry, Queen’s University, Belfast, UK. and ‘Ludwig Institute for 
Cancer Research (University College London branch), London, UK. 

Background: In atherosclerosis, migration and chemotaxis of vascular smooth 
muscle cells (VSMCs) play a major role in lesion formation. VSMCs exposed to 
5mM glucose do not show chemotaxis in a gradient of foetal calf serum (FCS) 
without prior serum starvation, while those exposed to 25mM glucose (HG) show 
chemotaxis. Phosphoinositide-3-kinase (PI3K) has been shown to mediate migration 
in a number of cell types, and could play an important role in regulating the glucose- 
induced changes in VSMC migration. The aim of this study was to determine the role 
of PI3K in mediating altered VSMC chemotaxis in HG. Methods: Neutralising 
antibodies specific to the a, p and 8 isoforms of the pi 10 catalytic subunit of PI3K 
were microinjected into human VSMCs, w hich were then placed in a gradient of FCS 
within the Dunn chemotaxis chamber in HG. As controls, VSMCs were injected with 
a non-specific rabbit IgG; and additionally each neutralising antibody was 
microinjected following incubation with a high molar excess of a cognate 
competitive binding protein. The effects of inhibiting each of the pi 10 isoforms on 
the actin cytoskeleton were investigated by TRITC-phalloidin staining. Results: The 
PI3K inhibitor LY294002 blocked VSMC chemotaxis in HG. Microinjection with 
non-specific rabbit IgG or with antibodies against pi 10a and pi 105 had no effect on 
chemotaxis. In contrast, microinjection of the anti-plIOp antibody inhibited 
chemotaxis. No inhi bition was observed when the anti-pl10p antibody was incubated 
with its cognate peptide prior to microinjection. Actin staining revealed no changes 
in the VSMC cytoskeleton following microinjection of any of the antibodies. 
Conclusions: Elevated glucose sensitises VSMCs to serum factors, inducing 
chemotaxis via a PI3K-pl 10p mediated signal pathway. Therefore pllOp could be a 
potential target for new therapeutic approaches to reduce the risk of atheroma in 
diabetes. 
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The function and survival of isolated human islets carrying the Arg972 IRS-1 
polymorphism. 

P. Marchetti, R. Lupi, M. Federici, L. Marselli, S. Del Guerra, G. Patane, F. PurTello, 
R. Lauro, G- Sesti, S. Del Prato. Dept, of Endocrinology and Metabolism, Metabolic 
Unit, University of Pisa; Universities of Rome, Tor Vergata, Catania and Catanzaro - 
Italy 

Background and Aims: The common Gly to Arg972 polymorphism of IRS-1 
(Arg972 IRS-1) has been associated with human Type 2 diabetes and low insulin and 
C-peptide plasma levels. In transfected beta-cells Arg972 IRS-1 impairs cell function 
and survival. In the present study we prepared isolated human islets (ISLs) from 
human donors carrying the Arg972 IRS-1 polymorphism and evaluated several of 
their properties. Materials and Methods: ISLs were prepared by collagenase 
digestion and density gradient purification and challenged them with varying glucose 
concentrations (1.7 to 16.7 mM) and other secretagogues; glucose oxidation and 
utilization were assessed by labeled glucose techniques; electron microscopy was 
used to assess beta-cell morphology; cell death was measured by flow cytometry and 
an ELISA method. Results: Insulin content (IC) was lower in variant than in control 
ISLs (94±47 vs 133±56pU/isIet, mean±SD, p<0.05). Stepwise glucose increase 
significantly potentiated insulin secretion (IS, % of IC) from control but not Arg972 
IRS-1 ISLs, which had a 33% lower release at 16.7 mM G (2.9±I.l vs 4.3±L4%, 
p=0.05). In addition, the variant ISLs showed a slightly lower response to 
glibenclamide (3.5±2.4 vs 4.5±1.6%), and a significantly higher response to arginine 
(4.7±1.3 vs 2.6±0.6%, p<0.05). Proinsulin secretion mirrored that of insulin and 
glucagon release was similar in Arg972 IRS-1 and control ISLs. Glucose oxidation 
and utilization did not differ in variant and wild-type ISLs at any tested glucose level. 
Electron micoscopy showed that Arg972 IRS-1 beta-cells had a significantly higher 
amount of immature secretory granules (3.3±0.7 vs 0.5±0.2 ml%, p<0.05), and a 
lower amount of mature granules (0.9±0.2 vs 3.6±0.7 ml%, p<0.05) than control beta- 
cells. Flow cytometry and ELISA techniques showed a two-fold higher amount of 
apoptotic beta-cells in Arg972 IRS-1 than control ISLs. Conclusions: Arg972 IRS-1 
human ISLs have lower insulin content, impaired glucose-stimulated insulin 
secretion, more immature secretory granules, and enhanced beta-cell apoptosis. These 
alterations can account for increased predisposition to Type 2 diabetes in individuals 
with the Arg972 IRS-1 polymorphism. 
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PLATELET DERIVED GROWTH FACTOR-B INDUCED CHEMOTAXIS IN' 
VASCULAR SMOOTH MUSCLE CELLS: GLUCOSE POTENTIATION 
M. Campbell, E.R. Trimble and W.E. Allen (Dept. Clinical Biochemistry, Queen’s 
University of Belfast, UK) 

Background: Diabetic subjects are noted to have premature onset and increased 
severity of atherosclerosis. In atheroma formation a subpopulation of vascular 
smooth muscle cells (VSMCs) migrate from the tunica media into the sub- 
endothelial area. This study investigated the effects of elevated concentrations of D- 
glucose on the migratory behaviour of VSMCs and its regulation, using the Dunn 
chemotaxis chamber assay. Methods: Foetal calf serum (FCS) or Platelet derived 
Growth Factor-B (PDGF-B) was used as the chemoattractant. VSMCs generated 
from primary explants were cultured in 5 mM D-glucose and exposed to higher 
glucose only when placed within the chemotaxis chamber. Results: No chemotaxis 
occurred at 5 mM D-glucose in a FCS or PDGF-B gradient, unless preceded by 24 
hours serum starvation. By contrast, positive chemotaxis occurred in both a FCS and 
a PDGF-B gradient at glucose concentrations £ 9raM (p<0.01, Rayleigh test, for 
both). High glucose (25mM) induced a 2 fold increase in PDGF-B receptors 
(quantitative confocal microscopy, n= 10-20; and immunoprecipitation). Pre¬ 
incubation with an anti-PDGF-B receptor neutralising antibody inhibited chemotaxis. 
Both the PI(3)kinase inhibitor wortmannin and the MAPKinase inhibitor PD 98059 
blocked chemotaxis in human and porcine cells. The PKC inhibitor H7 blocked 
chemotaxis in human VSMCs, and reduced speed of porcine cells without affecting 
directionality of movement. Conclusions: This study demonstrated that mild, short 
term rises in D-glucose concentration can increase VSMC sensitivity to chemotactic 
factors in serum, especially PDGF, leading to altered migratory behaviour in vitro. It 
is probable that similar processes occur in vivo and that glucose-enhanced 
chemotaxis of VSMCs mediated through the PDGF-p receptor-operated pathways 
involving PI(3)K, MAPK and PKC contribute to the accelerated formation of 
atheroma in diabetes in man. Therefore PI(3)K, MAPK and PKC could be potential 
targets for new therapeutic approaches to reduce the risk of atheroma in diabetes. 
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Association of T7S6C mutation of the Endotberial Nitric Oiide Synthase Gene 
with Insulin Resistance and Visceral Fat Obesity 

K.Ohtoshi, Y. Yamasaki, N.Katakami, S.Gorogawa, R. Hayaishi.H.Watada 
M.Matsuhisa, Y. Kajimoto, M Hori. Department of Internal Medicine and 
Therapeutics, Osaka University Graduate School of Medicine, Osaka, Japan 
Background and Aims: Expression of endothelial NO synthase (eNOS) and NO 
production in subcutaneous tissue are known to decrease in obese human subjects. 
Knockout of eNOS gene results in insulin resistance. Whether impairment of 
endothelial NO production leads to insulin resistance / obesity remains to be clarified 
in human subjects. Materials and Methods: To establish the association between the 
NO production and obesity / insulin resistance, we evaluated the relationship between 
the two polymorphisms (T786C mutation in the 5'-fianking region and G894T 
mutation in exon7) of eNOS gene and clinical characteristics of 144 healthy non¬ 
diabetic Japanese men and 42 early type2 DM patients. Glucose infusion rate (GIR) 
was evaluated by hyperinsulinemic eugtycemic clamp in type 2 diabetic patients. 
Abdominal fat distribution was assessed by abdominal fat index (AFI) using ultra 
sonography. Genoms are obtained from leukocytes and genomic analysis was 
performed by polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP). Results: Allele frequencies are similar between non-diabetic subjects 
and type2 diabetic patients (786TT(n=120) / 786TC+CC (n=21+3) in healthy men vs 
786TT(n=34) / 786TC+CC(n=7+l) and 894GG(n=124) / 894GT+TT(19+1) in 
healthy young men vs 894GG(n=34) / 894GT+7T(n=8+0)) In non-diabetic men, 
fasting IRI, Body mass index (BMI) (± SD) and AFI is significantly higher in 
786TC+CC groups (F-IRI; 9.2±2.5 vs 7.8±2.5 uU/ml, BMI; 24.2±3.2 
vs.22.9±2.3kg/m2, AFI; 1.40±0.57 vs 0.89±0.36, p<0.05). HOMA-R tends to be 
higher in 786TC+CC groups (2.1I±0.67 vs I.8I±0.61, p=0.063). In type2 diabetic 
patients GIR is significantly lower in 786TC+CC groups (4.37±1.05 vs 5.59±1.83 
mg/kg/min). On the contrary, G895T mutation of eNOS gene shows no significant 
difference in the clinical characteristics of non-diabetic men and type2 DM patients. 
Conclusions: These results indicate that T786C mutation in the 5-fianking region of 
eNOS gene is weakly but significantly associated with obesity, especially with 
visceral fat obesity and also with insulin resistance at least in non-diabetic and 
diabetic Japanese subjects. 
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A polymorphism of the CDI4 Monocyte Receptor Gene, involved in the 
inflammatory cascade, is associated wih insulin sensitivity 
J.M Fernandez-Real, M. Broch, C. Richart, A. Castro, G. Penarroja, RXasamitjana, 
B. Lainez, W. Ricart. 

Background and Aims: Lipopolysaccharide (LPS) is the one of the most potent 
biologic response modifiers currently recognized. Soluble CD14 (sCD14), detectable 
at high concentrations constitutively present in the circulation, plays a key role as 
intermediate in the neutralization of LPS under physiological conditions. A 
polymorphism of the CD 14 gene, a C-to-T transition at nucleotide -159 from the 
major transcription start site, seems to play a significant role in regulating serum 
sCD14 levels. 

Patients and Methods: We evaluated insulin resistance, inflammatory and 
endothelial markers in apparently healthy individuals and in patients with type 2 
diabetes mellitus in relation to CD 14 gene polymorphism. 

Results: Healthy subjects (n=60) homocygotes for the C allele, associated to lower 
circulating levels of sCD14 in a recent study, were similar in age, sex, body mass 
index, fat mass, waist/hip ratio, blood pressure, and fasting glucose and insulin levels 
in comparison with carriers of the T allele. The integrated area under the curve of 
serum glucose concentrations after OGTT (AUC glucose) was significantly higher 
(p=0.02) in C/C healthy subjects in the presence of nonsignificantly different 
integrated insulin levels, and also showed a significantly lower insulin sensitivity 
index than carriers of the T allele, as measured during an oral glucose tolerance test 
(p=0.033) or using the frequently sampled intravenous glucose tolerance test with 
minimal model analysis (p=0.036). Type 2 diabetic subjects (n=33) who were C/C 
homocygotes were also similar in age, sex, years of evolution of diabetes, body mass 
index, waist-to hip ratio, usual metabolic control, type of antidiabetic treatment and 
chronic diabetic complication in comparison with carriers of the T allele. C/C type 2 
homocygote patients also showed a significantly lower insulin sensitivity index than 
carriers of the T allele (p=0.03), and had significantly increased circulating sICAM-1 
levels (p=0.01). 

Conclusions: To our knowledge, this is the first study to demonstarte an effect of a 
genetic polmorphism on both insulin sensitivity and endothelial dysfunction in type 2 
diabetes mellitus. 
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POSITIONAL CANDIDATE GENE SCREENING OF A LOCUS ON 
CHROMOSOME ISpll LINKED TO TYPE 2 DIABETES WITH OBESITY 
M. Orho-Melander\ M. Svensson 1 , J. Fredriksson 1 , C. Forsblom 2 , M. Carlsson 1 and 
L. Groop 1 . ’Department of Endocrinology, Wallenberg laboratory, Lund University, 
Malmo, Sweden. ^Department of Medicine, University of Helsinki, Finland. 
Background and Aims: Our recent genome-wide linkage analysis indicated excess 
allele sharing on chromosome 18pl 1 among a subgroup of obese type 2 diabetes sib 
pairs (LOD 4.22). In the present study, seven candidate genes on 18pll were 
screened for mutations and single nucleotide polymorphisms (SNPs) in 64 families 
contributing to the original linkage result. Materials and Methods: One obese 
patient with type 2 diabetes from each of the 64 families (m/f 26/38, Age 63±9 y, 
BMI 35.6±4.2 kg/m 2 ), of which 38 originated from families supporting linkage with 
a family NPL-score >1 (mean 1.5; set 1) and 26 from families with a NPL-score <1 
(mean 0.3; set 2) in or near the linked region, was mutation screened by SSCP and 
sequenced. Allele frequencies of the identified SNPs were compared between set 1 
and 64 nondiabctic lean controls (m/f 31/33, Age 61±9 y, BMI 23.7±2.1 kg/m 2 ) for 
association to diabetes with obesity, and between set 1 and set 2 for evidence of 
association to the linkage result. Results: Altogether 21 SNPs but no obvious 
functional mutations were identified in the genes coding for the NADH ubiquinone 
dehydrogenase ( NDVFV2 ), the olfactory type guanine nucleotide binding protein 
(GNAL), the translation initiation factor E1F4A2 , the pituitary adenylate cyclase 
activating polypeptide ( PACAP ), the melanocortin receptors 2 and 5 ( AIC2R , MC5R ) 
and the transcription factor GATA6. A common C-a!le!e of one SNP located next to 
the transcription initiation site of the MC2R gene was significantly more common 
among obese type 2 diabetes patients (set 1) compared to controls (98.6% vs 89.1%, 
P=0.014) and to set 2 (80.8%, p=0.0006). Allele frequencies of the C-allele were 
similar between Finnish and Swedish subgroups (set 1; 97.6% vs 100.0%, controls; 
87.5% vs 91.7%). Conclusions: We provide evidence that a variant in the AIC2R 
promoter is associated with obese type 2 diabetes and propose the MC2R/MC5R 
gene cluster as a prime target for further linkage disequilibrium mapping of this 
putative diabetes locus. 
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THE 3'UTR POLYMORPHISM OF THE LEPTIN RECEPTOR GENE IS 
ASSOCIATED WITH ELEVATED INSULIN LEVELS AND TYPE 2 DIABETES 
V. Lyssenko, M. Orho-Melandcr, D. Tripathy, T. Tuomi, L. Groop and M. 
Ridderstrile. Department of Endocrinology, Malmo University Hospital, Lund 
University, Sweden 

Background and Alms: We have previously identified Lysl09Arg and Gln223Arg 
polymorphisms in the leptin receptor gene (LEPR) and studied their role in the 
pathogenesis of type 2 diabetes and leptin resistance within the Botnia study. The 
aim of the present study was to investigate whether the LEPR 3'UTR insertion 
(I)/deletion(D) polymorphism increases susceptibility to type 2 diabetes or affects 
insulin and leptin levels in patients with and without type 2 diabetes. Materials and 
Methods: The 3'UTR polymorphism w’as genotyped by PCR and gel electrophoresis 
in 300 (128 males/172 females, age 53±15 years, BMI 27+5 kg/m 2 , FBG 4.9±0.5 
mmol/1, mean±SD) non-diabetic subjects and in 390 (177 malcs/213 females, age 
65+10 years, BMI 29±4.7 kg/m 2 , FBG 8.6±2.6 mmol/1) patients with type 2 diabetes 
from the Botnia region in Finland. Results: The I-allele was in linkage 
disequlibrium with allele Gln223 and allele LysI09. The allele frequency of the I- 
allele did not differ between type 2 diabetic and non-diabetic subjects (13.5% vs. 
12.5%, p=0.59). However, the I/I-genotype was significantly more common among 
the type 2 diabetic patients (0.56% vs. 3.58%, p=0.038). Age, gender, BMI and FBG 
did not differ significantly between the different genotype carriers. However, the 
non-diabctic carriers of genotypes I/D and I/I had higher insulin levels at 120 
minutes (OGTT) (63.8±55.1 vs. 52.05±53.1 mU/1, p=0.009) and higher S-leptin 
concentrations (17.5115.6 vs. 13.9113.7 ng/ml, p=0.023) compared to genotype D/D 
carriers. The differences in insulin and leptin levels were not statistically significant 
between diabetic carriers of ID/II and D/D genotypes (80.9167.9 vs. 64.6152.1 
mU/I, p=0.22 and 18.0114.7 vs. 14.7112.4 ng/ml, p=0.08). Multiple forward 
stepwise regression analysis suggested S-leptin (pclxlO' 6 ), BMI (pclxlO' 6 ), age 
(pclxlO 6 ), glucose 120 (pclxlO 5 ), gender (pclxlO 4 ) and the LEPR genotype 
(p=0.006) as independent predictors for increased insulin concentrations at 120 
minutes. The LEPR genotype did not significantly affect S-leptin when gender 
(pclxlO 6 ), BMI (pclxlO 6 ) and fasting S-insulin (pclxlO 6 ) were included in the 
model (p=0.40). Conclusions: Our results indicate that the LEPR 3'UTR I-allele is 
associated with elevated insulin values and the I/I genotype with increased risk for 
type 2 diabetes. 
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Interaction effect between common polymorphisms in PPARg (Prol2AIa) and 
IRS-I (Gly972Arg) on insulin sensitivity 

M. Ozeker, N. Stefan, A. Fritsche, A. Madaus, O. Tschritter, F. Machicao, H. Haring, 
M. Stumvoll 

Medizinische Klinik, Abteilung fur Endokrinologie, Stoffwechsel und 
Pathobiochemie, Eberhard-Karls-Universitat, Tubingen, Germany 

Background and Aims: The Pro 12Ala polymorphism in the peroxisome proliferator- 
activated receptor (PPAR) g2 gene is associated with a reduced risk for type 2 
diabetes. A beneficial effect on insulin sensitivity was reported in some but not all 
populations. It is possible that this genetic variant produces a characteristic phenotype 
only before a certain genetic background. The aim was to test the hypothesis that 
carriers of the Ala allele of PPARg exhibit a different phenotype before the 
background of the GIy972Arg polymorphism in the insulin receptor substrate (IRS)-1. 
Materials and Methods: We determined insulin sensitivity in 4 haplotypes defined 
by absence or presence of polymorphic allele (healthy, glucose tolerant subjects) by 
oral glucose tolerance test (OGTT) (using a validated index, N = 318) and 
hyperinsulinemic clamp (N = 201). 

Results: Insulin sensitivity was not (215 ± 6 vs 221 ± 11, p = 0.67; OGTT) or only 
marginally (12.1 ± 0.4 vs 13.6 ± 0.08, p = 0.8; clamp) different between Pro/Pro and 
X/Ala in the whole population. Interestingly, insujin sensitivity was significantly 
greater in X/Ala (PPARg) + X/Arg (IRS-1) (299 ± 30 units) compared to Pro/Pro 
(PPARg) + X/Arg (IRS-1) (202 ±16 units, p = 0.01) using the OGTT index. On the 
other hand, insulin sensitivity was similar in the X/Ala (PPARg) + Gly/Gly (IRS-1 
972X206 ± 11 units) and the Pro/Pro (PPARg) + Gly/Gly (IRS-1X218 ± 6, p > 0.10). 
The results were practically identical using insulin sensitivity from the clamp. 
Conclusions: The Arg972 (IRS-1) background produced a marked difference in 
insulin sensitivity between X/Ala and Pro/Pro (PPARg) which was not present in the 
whole population or before the GIy972 (IRS-1) background. This suggests that the 
Ala allele of PPARg becomes particularly advantageous before the background of an 
additional, possibly disadvantageous genetic polymorphism. Allowing for gene-gene 
interaction effects may reveal novel information regarding metabolic effects of 
genetic variants. 
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REACHING THE SAINT VINCENT TARGETS STEPWISE: DIABETIC 
AMPUTATION AND ULCER RECURRENCE FROM A GERMAN SETTING 

S.Morbach, J.MOlIenberg, C.Quante, U.RUther, D.Rempe and H.R. Ochs 
Diabetic Foot Clinic, Marienkrankenhaus Soest (Germany) 

Background and Aims: In 1989. the Saint Vincent Declaration targeted a 
50% reduction of lower extremity amputations among diabetics within a 
five year period to improve patient care across Europe. The most effective 
way to avoid amputation is to reduce the incidence of initial ulceration and 
reulceration. We therefore investigated the changes of outcome and 
recurrence of diabetic foot lesions over time at a specialized setting. 
Patients and Methods: Between 1994 and 2000, 1522 patients with 
diabetic-foot-syndrome were treated at our diabetic foot clinic. 1.) To 
evaluate the changes of outcome over time we compared treatment results 
of patients with a histoiy of ulceration prior to initial presentation to our 
foot clinic (Group A, n=312) with the outcome of patients receiving 
structured treatment at our setting between 1994 and 1996 (B, n=386), and 
between 1999 and 2000 (C, n=442). 2.) To evaluate the efficacy of tertiary 
prevention, we furthermore compared the recurrence rates during the first 
year after healing in all patients who initially contacted our service with an 
ulceration in 1994/95 (B2, n=107) and in 1999 (C2; n=137.) Results: 
Without structured therapy, 53.8% of the cases were treated with 
amputation (Group A, Minor: 33.3%; Major: 20.5%). During the initial 
years of our foot service, the total amputation rate decreased to 30.6 % (B, 

Minor: 17.9%; Major: 12.7% - p<0.001) with a further reduction to 17.4% 
during the time period 1999/2000 (C, Minor: 11.5%; Major: 5.9% - 
p<0.001 vs B). The corresponding reulceration rates after one year were 
33.6% (B2) and 14.6% (C2 - p<0.001). 

Conclusions: By implementing outpatient structures of care and inpatient 
facilities for the diabetic foot patient using a multidisciplinary approach, 
an amputation reduction of approximately 70% is attainable. Through 
continuous education of all team members including the patient at risk and 
his relatives, the rate of reulceration can also be lowered significantly. 
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Foot health education and its impact on the occurrence of foot ulcers in diabetes. 
A.P. Garrow, A L. Carrington, C. A. Abbott, A.J.M. Boulton for the North West 
Diabetes Foot Care Study Group. Diabetes Foot Clinic, Disablement Services Centre, 
Withington Hospital, Manchester M20 8LB 

Background and Aims: Patient education is considered to be an important feature in 
the prevention of diabetic foot ulcers, but the impact that an education program has on 
the prevention of foot complications in diabetes patients is yet to be fully explored. 
This study examined data from two large groups of diabetic patients drawn from the 
North West of England. 

Materials and Methods: The first group (Group 1, n=9710) underwent a baseline 
foot examination and also completed a knowledge questionnaire covering aspects of 
foot inspection, footw ear, prevention and treatment of foot problems. Those showing 
deficiencies in knowledge or understanding in preventive foot care were given 
structured advice provided by a podiatrist or diabetes specialist nurse. Follow up 
questionnaires were sent to all Group 1 subjects after 2 years with 6613/9710 (68%) 
responding. After rigorous crosschecking, the occurrence of self-reported diabetic 
foot ulcers was compared with a second group (Group 2, n= 5982) who were recruited 
and examined at the same time as the Group 1 follow up, but did not have the 
structured advice. 

Results: Both groups were similar in age (ttest p>0.79) and gender (Chi-squared 
p=0.93). The occurrence of past (over the preceding two years) or current foot ulcers 
was 4.3% in Group 1 subjects and 5.3% in Group 2 subjects representing a small but 
significant (p=0.01) decrease in occurrence of foot ulcers amongst those receiving the 
structured advice (Odds Ratio 0.81 95% Cl 0.68,0.95). 

Conclusions: These findings provide some evidence that a large-scale structured 
education and examination program, over and above that received in a usual clinical 
setting, may prove beneficial in reducing the occurrence of foot ulcers in diabetic 
patients over a two-year outcome period. Further research on the benefits of more 
frequent education programmes (including foot health and glycaemic control) in the 
general diabetes population is required to determine whether this may improve the 
outcomes. 
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DO DIABETOLOGISTS ADEQUATELY DETECT PATIENTS AT RISK 
FOR AMPUTATION? 

NC Schaper*. Van Putten MA**,; *Dept.ofMed, University Hospital Maastricht,, 
**Fontys Paramedische Hogeschool Eindhoven, The Netherlands 
Background and Aims: Earlier studies have reported a relative large patient delay 
before medical care for diabetic foot ulceration is sought. Little is known about the 
doctor’s delay. Foot ulceration and peripheral ischemia are major risk factors for 
amputation. “Podoproof ’ is a three year randomised multicenter trial with the aim 
to determine if podiatric care prevents foot ulceration in diabetic patients with 
polyneuropathy (PNP). The inclusion phase of Podoproof enabled us to gain 
insight to which extent diabetologists correctly catagorise patients as being at risk 
for future ulceration or amputation. Materials and Methods: Diabetologists in 12 
Dutch hospitals were asked to include diabetic patients with clinical 
polyneuropathy in the study and to fill in a simple questionnaire with 9 items when 
a patient visited the clinic. These questions included amongst others items on: the 
presence of an active foot ulcer; a healed ulcer during the past year; previous 
vascular surgery in the lower legs; presence of severe ischemia; podiatric care in 
the past year. Any “Yes” meant exclusion from the project. Within 2 weeks 
patients were screened by a podiatrist: foot inspection, Semmes Weinstein 
monofilament (10 gram), vibration sensation w ith a tuning fork (128 Hz) and ankle 
blood pressure (Doppler). Results: 2420 patients were referred by the 
diabetologists and were screened. An active foot ulcer, despite the belief of the 
diabetologist that such an ulcer was not present, was found in 63 (3.6 %) patients. 
Severe ischemia (Ankle pressure <50 mmHg) was present in 42 (2.4%) patients. In 
total 105 patients (5%) had very high risk for amputation, undetected by the 
diabetologist. In 222 (12.6 %) patients no signs of neuropathy (with the 2 tests 
used) were observed, despite the clinical diagnosis of polyneuropathy. In 225 
(12.7%) cases the diabetologist was not aware that the patient had regular podiatric 
care. Conclusions: Our data suggest that diabetologists tend to underestimate 
important risk factors for future amputation. Although the number of patients with 
undetected foot ulceration or severe ischemia was not large (5%), on a population 
basis this unawareness could result in relative large numbers of preventable 
amputations. 
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Ethnic Variations in Diabetic Foot Ulcer Risk, Neuropathy and Peripheral 
Vascular Disease, 

C.A. Abbott, A.L. Carrington, J. Kulkarni, E.R.E. van Ross, A.J.M. Boulton, for the 
North West Diabetes Foot Care Study Group. Diabetes Foot Clinic, Disablement 
Services Centre, Withington Hospital, Manchester, UK. 

Background and Aims: There are very few data regarding prevalence of diabetic 
foot ulcers, peripheral neuropathy or peripheral vascular disease in different ethnic 
groups. We therefore performed a large, population-based study of diabetic patients in 
six districts of North West England, an area of high ethnic diversity, to examine 
potential ethnic differences in risk factors for foot ulcers. 

Materials and Methods: All adult diabetic patients w’ere targeted for screening in a 
diabetic foot care program at various healthcare settings in the community. After two 
years 9,710 diabetic patients had been screened for foot ulceration, foot deformities, 
measures of neuropathy and peripheral vascular disease (PVD), plus other medical 
and social characteristics. Patients’ ethnicity was defined as White Caucasian (WC) 
(n=8,508; 87.6%), South Asian (SA) (n=920; 9.5%), African Caribbean (AC) (n=260; 
2.7%) and Other (n=22; 0.2%). 

Results: SA patients were younger than WC and AC (55.4 vs. 61.9 and 61.9 years, 
respectively, p<0.0001) and had a shorter diabetes duration (7.1 vs. 8.4 and 8.7 years, 
respectively, p<0.0001). The prevalence of diabetic foot ulcers (past or present) for 
WC, AC and SA was 5.2%, 3.1% and 1.5% (p<0.0001, AC vs WC). Furthermore, SA 
had lower prevalences of neuropathy, PVD, foot deformities, smoking, and alcohol 
consumption than WC (p<0.0001), whereas for AC, only smoking rate and vibration 
sensation w'as reduced compared to WC (p<0.0001). The unadjusted risk of ulcer 
between the ethnic groups was significant for S A vs WC only [odds ratio (OR) = 0.29 
(0.17-0.49, 95% Cl), p<0.0001]. Adjustment for age and diabetes duration in the 
logistic regression model did not affect the SA ulcer risk reduction appreciably [OR = 
0.33 (0.22-0.65, 95% Cl), p<0.0001]. Adding PVD, neuropathy, smoking and foot 
deformities into the model attenuated the age-adjusted OR from 0.33 to 0.54 (95% Cl 
0.31,0.94, p=0.029), however the reduced ethnic ulcer risk in SA was still significant. 
Conclusions: Although the reduced prevalence of neuropathy, peripheral vascular 
disease amd smoking in diabetic South Asians accounts partly for their reduced ulcer 
rate, there are other, as yet undetermined, reasons for fewer ulcers. These may be 
linked to dietary or genetic variations in ethnicity. 
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TREATMENT STRATEGIES AND AMPUTATION RATES IN ADVANCED 
DIABETIC FOOT DISEASE IN A TERTIARY FOOT CARE CENTRE 
O.Kraus 1 , E.KQstner', A.Neufang 2 , W.Schmiedt 2 , A.Eckardt 3 , A.Meurcr 3 , M.Pitton 4 , 
K.Kreitner 4 , J.Beyer 1 ; Centre for Vascular Therapy and Research (GTFZ), Johannes 
Gut enb erg-University Mainz: Departments of Endocrinology and Metabolic Diseases 1 , 
Vascular Surgery 2 , Orthopaedic Surgery 3 and Radiology 4 , Germany 
Background and aims: Patients with diabetic foot lesions complicated by bone infec¬ 
tion and/or ischemia are at high risk for major amputation. We evaluated a 
multidisciplinary, strictly sequential therapeutical approach with infection control, 
revascularisation and selective osteotomy. Materials and methods: 102 consecutive 
patients with diabetic foot wounds admitted for inpatient treatment between October 
1999 and September 2000 were studied. MR-imaging was used to confirm osteomyeli¬ 
tis. We applied the University of Texas (UT) Wound Classification (Armstrong, 199S) 
to characterize foot lesions according to depth and affected tissues (Grade O-III) and 
the prognostic factors infection and peripheral arterial occlusive disease (Stage A-D). 
Results: 21,6% were classified UT IIIB (Bone involvement and infection), 7,8% IIIC 
(bone involvement and ischemia) and 56,9% IIID (bone involvement, ischemia and 
infection). Bypass grafting was done in 50,0% of all patients, with a pedal vessel as 
distal origin in 45,1% of all bypasses. Minor surgery on the level of the forefoot was 
carried out in 53,9% of patients, forefoot-amputations in 7,8%, Syme-amputations in 
2,9% and higher level amputations in 5,9% of cases. The rate of minor amputation did 
not increase within UT grade III (IIIB 68,2%, IIIC 75,0%, IIID 57,6%). The frequency 
of major amputation was low (6,9%) even in the most serious category IIID 
(IIIC 12,5%, IIIB 0%). Severe concomittant disease (chronic heart failure, Parkinson's 
disease) and poor general condition were the main factors in the decision against limb 
salvage. Conclusions: Even in advanced stages of diabetic foot disease high limb 
salvage rates can be accomplished by a multidisciplinary approach. The low rate of 
higher level amputations despite a high incidence of UT IIID-lesions reflects the 
important role of surgical revascularisation. In this context comorbidity rather than 
osteomyelitis or ischemia remains the limiting factor in the strive against amputation. 
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A multicenter, randomized controlled clinical trial to evaluate the efficacy of 
hyaluronan based dermal and epidermal autologous grafts in the treatment of 
diabetic foot 

C. Caravaggi R. De Giglio C. Pritelli E Faglia M. Mantero G. Clerici P. Fratino L. 
Dalla Paola G. Marani R. Mingardi Italy 

Background and Aims: Foot ulcers arc a major worldwide health problem and the 
major cause of amputation in patients with diabetes. 

Materials and Methods: A randomized controlled study was undertaken to 
determine if a two stage hyaluronan based autologous graft procedure (Hyalograft 
3D, Laserskin -Fidia Advanced Biopolymers, srl, Italy) could promote healing of 
these ulcers. Ethical committee approval was obtained from all centers. Patients with 
type 1 and type 2 diabetes with an ulcer > 2 cm2, a transcutaneous oxygen pressure > 
30 mmHg and Ankle arm index > 0.5 were enrolled. Standard care including 
debridement, infection control and off-weight bearing methods (fiberglass off-loading 
cast for plantar ulcers) was given to all ulcers regardless of treatment group. Patients 
were randomized to either hyaluronan based autologous graft group or control group ( 
conventional therapy). Patients attended weekly control visits for a total of 11 weeks. 
A total of 82 patients were enrolled. Thirty-seven patiens had dorsal ulcers and 45 
plantar. At baseline the two groups werecomparable. The average ulcer size was 6.2 
cm2 for graft group and 5.3 for control group. 

Results: The percent of ulcers healed was steadily higher in the hyaluronan based 
autologous graft group than in the control group (65% Vs 41.7 % at week 11). The 
estimated time to complete healing was 55 Vs. 77 days for the hyaluronanbased 
autologous group and the control group, respectively. The difference between the 
percent of dorsal ulcer healed was statistically significant (65% Vs 31.3 % p=0.044). 
Furthermore 20% of ulcers healed by week 4 in the graft group and 0% in the control 
group. Considering plantar ulcers no diffencence in percent of ulcers healed and in 
time to healinf healing was observed. No adverse event related to the study 
treatments was recorded. 

Conclusion: These successful results demostrate that this novel teennique using 
hayluronan based dermal and epidermal autologous graft is a valid alternative for the 
teatment of diabetic foot ulcers. Regarding plantar ulcers data from the study show 
that the use of off-loading cast, wich has to be considered the standard care for the 
treatment of these ulcers , makes not useful the application of derma! subsitutes to 
obtain an increase in percent of ulcers healed and reduction of time to healing. 
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IMPACT OF SMOKING ON THE METABOLIC ACTION OF SUBCUTANEOUS 
REGULAR INSULIN IN TYPE 2 DIABETIC PATIENTS 
S. Bott 1 , Y. Shafagoi 1 , P. T. Sawicki 1 , T. Heise' 1 . 

f ProfiI Institute for Metabolic Research, Neuss, and *St. Franziskus Hospital, 
Cologne, Germany. 

Background and Aims: In Type 2 diabetes, smoking has been repeatedly associated 
with hyperinsulinaemia, which is supposed to be the consequence of smoking- 
induced insulin resistance. However, as the pharmacokinetic (PK) and 
pharmacodynamic (PD) properties of regular insulin (RI) has never been compared 
between smoking (SM) and non-smoking (NSM) Type 2 diabetic patients, it is still 
unclear whether smoking deteriorates insulin clearance rather than insulin 
sensitivity. Material and Methods: 9 SM (> 10 cigarettes per day) and 9 NSM 
matched for gender, age, and BMI (without significant differences in HbAlc, 
diabetes duration and blood pressure) were enrolled in the study. Patients' blood 
glucose was stabilized overnight at 7.2 mmol/1 by means of the euglycemic glucose 
clamp technique. SM were required to smoke one cigarette within 1.5 hours prior to 
injection of 18 U RI s.c. in the morning. Glucose infusion rates (GIR) were 
registered for the subsequent 480 min. Results: Injection of 18 U of RI resulted in 
significantly higher insulin concentration in SM compared to NSM: Insulin-AUC 240 - 
480 (32±9 vs. 24±6 pU/ml, p=0.036). Consequently, SM showed a higher metabolic 
effect compared to NSM with significant differences in the last four hours of the 
experiment (AUC 24 o. 4 so 925±403 vs. 405±154 mg/kg, p=0.047). Conclusion: Our 
results suggest that hyperinsulinaemia in smoking Type 2 diabetic patients might be 
caused by a decrease in insulin clearance rather than in insulin sensitivity. 



EFFECT OF ADEQUATE VS INADEQUATE RESUSPENSION OF NPH INSULIN 
PRIOR TO S.C. INJECTION ON PHARMACOKINETICS AND -DYNAMICS IN 
T1DM 

M. Lepore, L. Bartocci, C Fanelli, S. Pampanelli, F. Porcellati, and G.B. Bolli 
Di.M.I., University of Perugia, Italy 

Although it is well known that NPH insulin should be adequately resuspended prior to 
s.c. injection, patients not always do so especially when using pens. Aim of the present 
study was to assess the pharmacokinetics (PK) and -dynamics (PD) of s.c. pen injection 
of NPH after adequate resuspension (tipping the pen up and down for 15 times) (Study 
I, SI), or inadequate resuspension [no tipping, pen immobilized in vertical position for 
12 hours with the needle up (SII), cr down (Sill)]. Eight T1DM patients were studied at 
2-3 week intervals in random order after s.c. injection of 0.3 U/kg in the internal part of 
one thigh with the previously described isoglycemic glucose clamp technique (Diabetes 
49:2142-8, 2000). Onset of action was assumed as time required to decrease basal i.v. 
insulin needs to maintain PG at 130 mg/dl after s.c. NPH injection; end of action was 
time of increase ofBG>150 mgi'dl in the absence of glucose infusion; duration of action 
was end minus onset of action. AUC is area under glucose infusion curve. 



Study I 

Study II 

Study III 

Onset of action (h) 

0.7510.18 

1 .0110.22 

0.5I±0.13 

End of action (h) 

15.512.1 

11.511.9 

19.5±2.3 

Duration of action (h) 

14.712 

10.511.8 

19±2.2 

Gmax (mg/kg/m in) 

2.2310.4 

1.4710.3 

2.810.3 

Tmax (h) 

4.710.39 

3.610.4 

6.210.7 

AUC 

15.511.9 

9.711.2 

24.712.9 


(mg/kg/G infusion time) 

(SI vs SII vs SHI, all p<0.05). Plasma insulin dynamics paralleled the GIR. As 
compared to adequate resuspension (SI), absent resuspension results in major 
differences in PK and PD. The effect of NPH is greater after injection of the cloudy, 
insulin crystal reach part and may differ up to 2.5 times from injection of the less 
cloudy, insulin crystal poor, part. These differences may play a role in the day-to-day 
variability of BG control in T1 DM 
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PATIENT SATISFACTION WITH INTENSIVE INSULIN THERAPY IN 
TYPE 2 DIABETES: A RANDOMIZED TRIAL OF INSULIN PEN VS. PUMP 
R. R. Turner, M. A. Testa, J. F. Hayes and D. C. Simonson, Harvard University, 
Boston, MA, United States 

Background and Alms: To better understand why intensive insulin therapy for 
persons with type 2 diabetes is difficult to initiate and sustain, we studied 126 insulin- 
treated type 2 patients randomized to multiple subcutaneous insulin (pen) injections 
(PEN; n=60) or continuous subcutaneous insulin (pump) infusion (PUMP; n=66). 
Materials and Methods: Patients were 61% male, 73% married, 77% Caucasian, 
aged 56±9 yrs, and had HbA, c =8.1 ±1.2%, FPG=200±65mg/dL and BMI=32±5 
kg/m 2 . Satisfaction questionnaires were completed at baseline and at 16 and 24 weeks 
after randomization. Results: Mean±SE overall satisfaction (scaled 0 to 100) from 
baseline to endpoint improved more for PUMP (59.4±2.1 to 79.2±1.8) than for PEN 
(63.6±1.9 to 70.3±2.3), p<0.0001. Changes±SE from baseline to endpoint for the 
following satisfaction subscales (0 to 100) similarly showed more favorable effects 
for PUMP vs PEN: burden (16.3±2.1 vs 5.2±2.2), convenience (21.2±2.7 vs 5.5±2.4), 
efficacy (31.1±3.0 vs 14.1±3.3), flexibility (23.0±2.7 vs 6.3±2.4), general satisfaction 
(28.1±3.0 vs 10.2±3.6), and life interference (23.0±2.8 vs 5.1±2.6), all p<0.0001; 
hassle (16.2±2.7 vs 6.3±2.8), advocacy (25.6±3.4 vs 13.0±3.9), preference (31.8±4.2 
vs 11.2±4.6), and social Limitations (5.2±1.7 vs -1.0±1.7), all p<b.02. Mean decrease 
±SE in endpoint FPG was significantly greater for PUMP vs PEN (-46±9 vs -12±I2 
mg/dL; p 0.02), but the decrease in HbAi c (-0.62±0.14% vs -0.46±0.I3%) was not. 
Over 90% of PUMP patients preferred the pump to their previous injectable regimen 
on each of 13 factors including dose adjustment (choosing pump = 97%), 
convenience when traveling (97%), ease of use, better glucose control, flexibility in 
daily activities and convenience (all 95%), overall preference and feeling better about 
themselves (both 93%). Conclusions: Type 2 patients demonstrated greater 
satisfaction with the pump compared to multiple daily injections using the pen. 
Increasing patient acceptance may improve compliance and facilitate the initiation 
and sustainability of intensive insulin therapy in type 2 diabetes. 
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Continuous Subcutaneous Insulin Infusion versus Multiple Daily Injections in 
Children with Type I Diabetes 

Naomi Weintrob, Hadassa Benzaquen, Shlomit Shalitin, Gila Fayman, Avinoam 
Galatzer, Zvi Dickerman, Moshe Phillip 

Background and Aims: To compare the efficacy and feasibility of continuous 
subcutaneous insulin infusion (CSII) and multiple daily insulin injections (MDI) in 
children with type 1 diabetes. 

Materials and Methods: The study sample included 13 children (6 males) aged 9.4 
to 13.3 years with c-peptide-negative type 1 diabetes. Duration of disease was 2.8 to 
11 years. An open randomized crossover design was used to compare 3.5 months of 
CSII to 3.5 months of MDI therapy for the following variables: diabetic control, 
incidence of symptomatic hypoglycemia and hyperglycemia, ketonuria, daily insulin 
requirement, diabetic ketoacidosis (DKA), body mass index standard deviation scores 
(BM3 SDS) and safety. All comparisons were analyzed by ANOVA with repeated 
measures. 

Results: HbAic values at the start and end of each treatment arm were similar 
(7.85-0.68 and 7.96-0.66 for the pump phase, 7.92-0.46 and 7.81-0.87 for the MDI 
phase). There were no differences between the treatment modes in frequency of mild 
symptomatic hypoglycemic or hyperglycemic events, both diurnal and nocturnal. 
There was one event of severe nocturnal hypoglycemia without coma in the MDI 
phase. Ketonuria tended to be more frequent during the pump therapy period 
(p=0.06), but there was no DKA. There was no significant change in BMI SDS during 
the entire study. Mean insulin dose at the end of the pump phase was lower than at the 
end of the MDI phase (0.89*0.14 and 1.09-0.21 u/kg/day, respectively, p<0.01). At 
the end of the study, 10/13 patients chose to continue pump therapy. 

Conclusions: Diabetic control is similar in children treated with the insulin pump or 
with MDI, and it is comparable to that achieved in the Diabetes Control and 
Complications Trial (DCCT) by the intensive adolescent group. This study suggests 
that intensive insulin therapy by either CSII or MDI can be used safely in children and 
young adolescents with type 1 diabetes. In our series, most of the children preferred to 
continue with the insulin pump. 
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Insulin pump therapy versus multiple daily injections in obese type 2 diabetic 
patients. 

J. VVAINSTEIN1, M. METZGER2, O. MENUCHIN3, Y. COHEN4, A. YAFFE5, M. 
RAVID6, I. HARMAN7 and I. RAZ2, for the Israeli Diabetes Research Group. 
1 Wolfson Hospital, Holon, Israel, 2 Hadassah University Medical Center, Jerusalem, 
Israel, 3 Lyn Clinics, Klalit Health Fund, Haifa, Israel, 4 Makabi Health Fund, Rishon 
LeZion, Israel, 5 Hi 11 el Jaffe Hospital, Hadera, Israel, 6Meir Hospital, Kfar Saba, 
Israel, 7Soroka Hospital, Beer Sheva, Israel. 

Background and aims: Obese type 2 diabetic patients with severe insulin resistance 
tend to develop chronic hyperglycemia despite maximal treatment with diet, physical 
exercise and oral hypoglycemic agents. High dose insulin therapy in these patients 
does not usually lead to satisfactory glucose control and causes weight increase, 
which in turn aggravates insulin resistance and exacerbates other cardiovascular risk 
factors. A pilot study by the Israeli Diabetes Research Group showed that continuous 
insulin delivery by means of an insulin pump (Minimed 507R) was superior to 
multiple daily insulin injections in terms of glucose control, weight gain and total 
daily insulin requirement. Material and methods: 39 obese (BMI > 30) type 2 
diabetic patients, not controlled (HbAlC > 8.5%) on high dose insulin therapy (daily 
insulin requirement superior to 1 unit/kg body weight/day) were randomized to 
receive an 18-wcck insulin pump treatment followed (P-M group) or preceded (M-P 
group) by an 18-week multiple injection treatment, with a 12-week washout period in- 
between. Results: During the first 18 weeks: HbAlC decreased from 10.2 +/- 1.22 % 
(mean +/- SD) at week 0 to 8.06 +/- 1.15 % at week 18 in the M-P group (p - 0.001) 
and from 10.23 +/- 1.43 to 7.65 +/-1.04 in the P-M group (p — 0.001). Daily insulin 
requirement decreased from 102 +/- 24 units/day at week 0 to 85 +/- 29 at week 18 
(p=0.004) in the P-M group, and increased, though not significantly, from 113 +/-28 
at week 0 to 116 +/- 30 at week 18 in the M-P group. The absolute number of 
extreme hyperglycemic capillary blood glucose values decreased in the P-M group, 
but not significantly. There was no significant weight increase in either group. 
Conclusions: We conclude that obese type 2 patients on high dose insulin therapy can 
dramatically improve their blood glucose control without gaining weight either by 
intensifying the daily multiple injection treatment or by using an insulin pump, the 
latter allowing for reduction of daily insulin requirement. Further results (including 
continuous subcutaneous glucose monitoring) are expected to precise the individual 
benefit of insulin pump therapy versus multiple daily injections in such patients. 
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Remission patterns after short-term continuous subcutaneous insulin infusion 
therapy in Korean ty pe 2 diabetic patients. 

S.B. Choi, B.A. Park, E.K. Choi and S. Park. Internal Medicine, Konkuk University, 
Chngjoo-Si and Food and Nutrition, Hoseo University, Asan-Si, Korea 

Background and Aims: Studies have found that chronic hyperglycemia can 
deteriorate pancreatic beta cell function and insulin sensitivity, and the normalization 
of blood glucose can reverse these functions. The purpose of the study is to evaluate 
the normoglycemic remission pattern after a certain period of continuous 
subcutaneous insulin infusion (CSII) therapy in Korean type 2 diabetic patients and to 
determine the clinical characteristics for remission. 

Materials and Methods: Ninety-one mild type 2 diabetic patients were treated by 
CSII therapy via insulin pump (Sooil, Seoul, Korea) until they did not need any 
medication for glycemic control. Follow-up examinations took place once every 
month at an outpatient clinic for non-remitted patients and by phone for remitted 
patients, and their blood glucose levels and insulin dosage were monitored for fifteen 
to seventeen months. 

Results: Overall, in 34.4 % of all subjects, remission was induced after 53.6±38.9 
days of CSII therapy and lasted for an average of I3.6±8.9 months during the study 
periods. Blood glucose levels continuously decreased to be normalized at 7.3±1.2 
days with maximum dosage of daily total insulin after CSII therapy. Total insulin 
dosage to normalize blood glucose levels gradually decreased until 14.4±2.7 days of 
CSII therapy in all subjects. Total daily insulin dosage did not significantly decrease 
any more from about 14 days of the therapy in non-remitted patients, but it did 
continuously decrease and reached at zero in remitted patients. In correlation analysis, 
remission was more frequently induced when patients started CSII therapy in younger 
age (r=-0.41,p<0.01), with higher body mass index (r=0.36, p<0.05), shorter diabetic 
duration (r=-0.48, p<0.01), lower post-prandial blood glucose levels (r=-0.51, 
p<0.01), higher post-prandial serum c-peptide levels (r=0.42, p<0.01), and less 
chronic diabetic complications (r=-0.47, p<0.01). 

Conclusions: These findings suggest that long-term CSII therapy can induce 
remission in a significant proportion of Korean type 2 diabetic patients with mild 
symptoms. Thus, it is desirable that intensive insulin treatment by CSII be considered 
as not the last treatment, but an initial management of mild type 2 diabetic patients. 
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CHARACTERISATION OF METABOLIC INTERMEDIATES AND FLUXES 
IN ROSIGLITAZONE-TREATED ZUCKER FATTY RATS: AN IN VIVO 
NUCLEAR MAGNETIC RESONANCE STUDY 

B.M. Jucker, T.R. Schaeffer, R.E. Haimbach, T.S. McIntosh, H.M. Davis, S.A. Smith, 
A.R. Cobitz and S.K. Sarkar. SmithKIine Beecham, King of Prussia, PA, USA 
Background and Aims: Rosiglitazone (RSG), a potent insulin sensitiser, was 
administered to Zucker fatty rats. In vivo 13 C nuclear magnetic resonance (NMR) 
spectroscopy was used to measure skeletal muscle glucose uptake and its distributed 
fluxes (glycogen synthesis and glycolysis) and 31 P NMR was used to measure 
simultaneous changes in gIucose-6-phosphate (G6P) during a euglycaemic- 
hyperinsulinaemic clamp. NMR was used to measure intramyocellular lipid 
content. The aim of the study was to non-invasively measure metabolic intermediates 
and fluxes to provide insight into the therapeutic mechanism of action of RSG. 
Materials and Methods: Three groups of rats (fatty-RSG, FR; fatty-vehicle, FV; 
lean-vehicle, LV) weighing ~300 g were chronically catheterised prior to a 7-day 
treatment regimen (3 mg/kg RSG or vehicle via oral gavage). Rates of glycolysis and 
glycogen synthesis were assessed after treatment by monitoring 1,6- 13 C glucose label 
incorporation into I- ,3 C glycogen, 3- 13 C lactate and 3- C alanine during a 
euglycaemic (-6-8 mmol/l)-hyperinsulmaemic (10 mU/kg/min) clamp in the hindlimb 
of conscious rats. Results: The FR group exhibited a significant increase in insulin 
sensitivity, reflected by an increased whole-body glucose disposal rate during the 
clamp (24.4L1.9 vs 17.641.4 and 33.2±2.0 mg/kg/min in FR vs FV [p<0.05] and LV 
groups 1/K0.01], respectively). The increased insulin-stimulated glucose disposal in 
the FR group was associated with a normalisation of the glycolytic flux (52.949.1) to 
LV (56.2±16.6) vs FV (I8.8±8.6 nmol/g/min, p< 0.02) and glycogen synthesis flux 
(56.3±11.5) to LV (75.2±15.3) vs FV (16.64:12.8 nmol/g/min, p< 0.05). [G6P] 
increased in the FR and LV groups vs baseline during the damp (+13.0±11.1 and 
+16.9±5.8% respectively), whereas the FV group decreased (-23.3413.4%, /K0.05). 
There were no differences between groups in intramyocellular glucose as measured 
by biochemical assay. The intra- to extramyocellular lipid ratio, measured in a 
separate group of rats, decreased from 0.4340.12 at baseline to 0.0440.01 after 7 
days’ treatment with RSG (p<0.01). Conclusions: These data suggest that the 
increased insulin-stimulated glucose disposal associated with RSG treatment in 
muscle can be attributed to a normalisation of glucose transport function and may be 
in part attributable to decreased intramyocellular lipid deposition. 
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Ras and Rat-dependent phosphory lation of ATF2 mediates activation of the c- 
jun promoter by insulin 

DM. Ouwens, G.C.M. van der Zon, J.A. Maassen and H. van Dam. Leiden 
University Medical Centre, Leiden, The Netherlands 

Background and Aims: cJun is an essential component of the transcription factor AP-1, 
and plays a critical role in development, cell proliferation and differentiation, for instance 
of adipocytes. Insulin rapidly induces the expression of the c-jun gene. Here, we haw 
examined the signalling pathways regulating c-jun expression. Materials and Methods: 
Studies were performed in A14 cells, which are NIH3T3 fibroblasts overexpressing the 
human insulin receptor. Results: Insulin induces the expression of the c-jun gene by 
enhancing the activity of the transcription factor ATF2 on the c-jun promoter. Insulin 
transactivates ATF2 via phosphorylation on its proline-directed sites Thr69 and Thr7I. 
Insulin was found to activate ATF2 via different signal transduction pathways than 
inducers of cellular stress. Stress-, but not insulin-, induced activation of ATF2 can be 
inhibited by dominant-negative mutants and/or inhibitors of the stress-inducible signalling 
enzymes Rac and SEK. In contrast, insulin-induced phosphorylation of ATF2 Thr69+7L 
could only be inhibited by dominant-negative versions of Ras and its effector Ral, which 
on their turn, have no effect on the activation of ATF2 by cellular stress. In line with this, 
phosphorylation of ATF2 and induction of ATF2-dcpendent c-jun transcription in the 
absence of insulin was efficiently induced by ectopic expression of a constitutively active 
mutant of Ras and by active version of the Ras effector enzyme Rif, an exchange factor for 
the small GTP-binding protein Ral. The kinases phosphorylating ATF2 in response to 
insulin are so far unknown. Insulin only very inefficiently activates the known ATF2 
Thr69+71 kinases p38 and JNK. When analysing extracts of insulin-treated cells for ATF2 
kinase activity using ion column chromatography, at least two independent ATF2 kinase 
activities were identified: a strongly inducible Thr71 kinase activity (colocalizing with 
ERK), and a very weakly induced Thr69+71 kinase activity (colocalizing with p38). 
Interestingly, the activation of the ATF2-Thr71 kinase could be abrogated by inhibitors of 
Ras and MEK, whereas activation of the ATF2 Thr69+71 kinase was prevented by 
inhibitors of Ras, Ral, and p38. This leads to the possibility that two distinct ATF2 kinase 
activities, activated by different signalling pathways, need to cooperate to induce the 
activation of ATF2 by insulin in vivo. Conclusions: 1. Insulin stimulates c-jun expression 
via the Ras and Ral-dependent phosphorylation of ATF2 on Thr69 and 71. 2. 
Phosphorylation of ATF2 is a multi-step process; Thr71 phosphorylation is induced by 
ERK, and Thx69 phosphorylation by p38. 
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NITRIC OXIDE SYNTHASE INHIBITION DECREASES THE INCREASED 
INSULIN ACTION BY PIOGL1TAZONE IN THE FRUCTOSE-FED RAT 

K. Koshinaka, Y. Oshida, Y. Sato, Nagoya University, Nagoya, Japan 

Background and Aims: Recent studies have demonstrated that Pioglitazone(PIO) has 
the capacity to ameliorate insulin resistance. However, the precise mechanism of this 
agent remains unknown. Our preliminary study shows that not only PIO but also a 
nitric oxide(NO) donor, sodium nitroprusside, can improve insulin resistance induced 
by high-fructose feeding. The purpose of this study was to investigate whether NO 
synthase inhibition influences the increased insulin action by PIO in fructose-fed rats. 
Materials and Methods: Twenty-four male Wistar rats aged 6wk were randomly 
divided into three groups; a standard chow-diet(n=6), a high-fructose diet(3wk, n=6) 
and a high fructose diet plus PIO(3wk, n=12). In vivo insulin action was determined 
by the sequential euglycemic clamp technique at two different insulin infusion rates(3 
and 30mU/kg/min) under the awake condition. A NO synthase inhibitor, NG- 
monomethyl-L-arginine(L-NMMA, 1 mg/kg/min) , was infused during the sequential 
euglycemic clamp procedure in half of "high-fructose diet plus PIO" rats. Glucose 
disposal rate(GDR) was regarded as an index of w hole body insulin action. 

Results: Plasma insulin concentrations during the 3- and 30- mU/kg/min insulin 
infusions were 30-40 and 600-800pU/ml, respectively and blood glucose was 
clamped at a fasting level by adjustment of i. v. glucose infusion. At the 3- 
mU/kg/min insulin infusion, high-fructose feeding produced a marked decrease in 
GDR compared with the chow-fed rats(5.540.1 vs 9.5±0.2 mg/kg/min, p<0.05). PIO 
treatment showed a significant increase in GDR (7.940.6 mg/kg/min, p<0.05) and 
reached similar levels as the chow-fed rats. However, increased GDRs were 
decreased by L-NNLMA administration(5.340.7mg/kg/min). At the 30- mU/kg/min 
insulin infusion, the same tendency as the 3- mU/kg/min insulin infusion was found. 
GDRs in fructose-fed rats given PIO were significantly greater than those in fructose- 
fed rats without P10(40.1±1.2 vs 30.140.5mg/kg/min, P<0.05). Delta increase in 
GDR by PIO was disappeared by L-NMMA infusion(32.2±1.4mg/kg/min). 
Conclusions: These results suggest that NO synthase inhibition can decrease the 
improved insulin resistance by PIO in fructose-fed rats. Therefore, it could be 
concluded that NO plays an important role in the improvement of insulin action by 
PIO. 
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INSULIN SENSITIVITY AND INTRAMYOCELLULAR LIPIDS IN 
ROSIGLITAZONE TREATED ZUCKER FATTY RATS 
AAV. Herling, J. Kuhlmann, M. Stolte, H.-L. Schmidts, and W. Kramer 
AVENTIS PHARMA Deutschland GmbH, Frankfurt, Germany 
Background: Peripheral insulin sensitivity depends predominantly on the glu¬ 
cose utilisation of muscle tissue. There is growing evidence that increased lev¬ 
els of lipids in muscle cells are involved in insulin resistance. Thiazolidinedio- 
nes are ligands for PPARy transcription factors, which are involved in fat cell 
differentiation. Thiazolidincdioncs induce a permanent remodelling of adipose 
tissue and increase peripheral insulin sensitivity in insulin resistant animals. 
Aim of the study was to investigate the improvement of insulin sensitivity in 
rosiglitazone pretreated rats and its effect on intramyocellular lipid content. 
Material and Methods: Insulin resistant Zucker Fatty rats (fa/fa) were pre¬ 
treated with rosiglitazone, 7 mg/kg orally for 3 weeks. Insulin sensitivity was 
measured by the euglycemic-hypcrinsulincmic glucose clamp technique (4.8 
and 9.6 mU/kg/min). At the end of the clamp study the solcus muscle was 
isolated for electron microscopic evaluation of intramyocellular lipid droplets. 
Results: Pretreatment with rosiglitazone caused a marked improvement of 
whole body glucose utilisation. Glucose infusion rate in control rats was for 
the low and high insulin infusion rate 1.8 and 5.6 mg/kg/min, respectively. In 
treated rats glucose infusion rate increased for the low and high insulin infu¬ 
sion rate to 13 and 15 mg/kg/min, respectively. The transmission electron mi¬ 
croscopic examination revealed that the soleus muscles of rosiglitazone- 
treated rats w ere nearly avoid of intramyocellular lipid droplets in contrast to 
the muscles of the control group. 

Conclusions: It is concluded that the improvement of insulin-sensitivity by 
rosiglitazone is related to its effect on lipid metabolism. It is hypothesized that 
insulin-sensitivity, which is predominantly a function of the muscle tissue 
during the clamp study, is improved indirectly by the ability of rosiglitazone 
to redirect lipid storage back to the fat tissue. 
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ROSIGLITAZONE PROTECTS THE DIABETIC HEART FROM 
ISCHAEMIA-REPERFUSION INJURY: ROLE OF THE JNK/AP-1 
PATHWAY 

N. Khandoudi, P. Delerive, I. Berrebi-Bertrand, RE. Buckingham, B. Staels and A. 
Bril, SmithKIine Beecham, Saint-Gregoire, France, and U325 INSERM, Lille, France. 

Background and Aims: The risk of ischaemic heart disease is greatly elevated, and 
the survival rate following a myocardial infarction is markedly diminished, in patients 
with Type 2 diabetes mellitus, relative to the non-diabetic population. Rosiglitazone 
(RSG), a new insulin-sensitising agent with potent agonist activity at the PPARy 
nuclear receptor, has been studied here for its ability to protect against 
ischaemic/reperftision injury. 

Materials and Methods: Experiments were conducted in isolated working hearts 
from normal Wistar rats and from rats treated 4 weeks earlier with streptozotocin (55 
mg/kg i. v.), to induce insulinopenic diabetes. After a 30 min control period, hearts 
were subjected to 30 min of normothermic, zero-flow ischaemia and then reperfused 
normally for a final 30 min. 

Results: RSG (1 JtM), added to the perfusate 15 min before ischaemia had no effect 
on baseline cardiac function, but markedly improved indices of cardiac function 
during post-ischaemic reperfusion. For example, in hearts from normoglycaemic rats, 
post-ischaemic recoveries in aortic flow after 5 min of reperfusion were (mean ± 
SEN!) 0 and I1.6±4.0 ml/min in control and RSG-treated groups (p<0.05), 
respectively. In hearts from diabetic rats, the corresponding aortic flow values were 
8.5±3.4 and 26.8±3.3 ml/min (/?<0.05). Qualitatively similar cardioprotective effects 
were seen ex vivo , after chronic oral pre-treatment with RSG (10 pmol/kg/day for 4 
weeks). Further, using western immunoblotting, we demonstrated that PPARy was 
present in rat hearts and that RSG inhibited Jun N-terminal kinase (JNK) 
phosphorylation in hearts from normoglycaemic or diabetic rats, following ischaemic- 
reperfusion injury. Consistent with this finding was the additional observation that 
RSG inhibited AP-1 DNA binding. 

Conclusions: These findings suggest that the cardioprotective action of RSG involves 
preventing excitation of a stress-activated protein kinase pathway. The data raise the 
possibility that, in diabetic patients, RSG may reduce the risk of cardiac injury 
following an ischaemic event. 
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THE ROLE OF GLYCOPROTEIN PC-1 IN INSULIN SIGNALING 
PATHWAY IN ADIPOCYTES FROM TYPE 2 DIABETIC 
PREGNANT WOMEN AND WOMEN WITH GESTATIONAL 
DIABETES 

M. Tomazic 1 A. Janez\ A. Sketclj 1 , A.Kocijancic 1 J.Eckel', and P. Sharma 3 
1. Dept, of Endocrinology, Diabetes and Metabolic Diseases. University 
Medical Centre, Ljubljana, Slovenia. 2.German Diabetes Research Institute, 
Duesseldorf, Germany. 3. Dept, of Medicine, Division of Endocrinology and 
Metabolism, University' of California, San Diego, La Jolla, USA. 

Background and Aims: The cellular mechanisms for the insulin resistance of 
pregnancy and gestational diabetes mellitus (GDM) are unknown. The 
membrane protein plasma cell membrane glycoprotein (PC-1) has been 
identified as an inhibitor of insulin receptor tyrosine kinase activity (IRTK) 
and may have a role in insulin resitance. The aim of the study w as to examine 
the effects on glucose transport and changes in PC-1, IRTK and IRS-1. 
Materials and Methods: The isolated omental adipocytes were obtained 
during elective cesarean sections from three groups of subjects: Type 2 diabetic 
pregnant women (n=6), women with GDM (n=10) and pregnant women with 
normal glucose tolerance (n=6) as control subjects. Results: Insulin stimulated 
glucose transport was reduced 38% in GDM and 60% in Type 2 diabetic 
gravidas, compared to the controls. After maximal insulin stimulation of 
adipocytes IRTK phosphorylation was decreased 25% in GDM and 40% in 
Type 2 diabetic gravidas, compared to the controls. We also found that IRS-1 
phosphory lation was decreased by 30% and 55%, respectively. On the other 
hand, PC-1 content in adipocytes from GDM was increased 60% and 95% in 
Type 2 diabetic gravidas, compared to the pregnant control subjects. 
Conclusions: Our results indicate that GDM and Type 2 diabetic gravidas 
have increased PC-1 content and suggest that this may contribute to decrease 
phosphorylation levels of IRTK and IRS-1. Furthermore, these postrcccptor 
defects in insulin signaling pathway worsen in both groups compared to the 
normal pregnancy, however results from Type 2 diabetic gravidas show that 
pre-existing insulin resistance worsen the signaling pathw ay even more. 
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INSULIN SENSITISATION BY ROSIGLITAZONE: EFFECTS ON 
METABOLISM AND GENE EXRESSION 

G.B.T. Moore 1 , L.C. Pickavance 2 , J.C. Clapham 1 , S. Carter 1 , C. Briscoe 1 , M. 
Tadayyon 1 , B. Bond 1 , R.E. Buckingham 1 and J.P.H. Wilding 2 . SmithKIine 
Beecham, Harlow, and department of Medicine, University of Liverpool, UK 
Background and Aims: The literature is fragmented on the changes in gene 
expression evoked by thiazolidinediones in relation to improved insulin action. 

We studied the effects of rosiglitazone (RSG) in a rat model of dietary obesity. 
Materials and Methods: RSG (3 mg/kg/day p. o. for 14 days) was given to male 
Wistar rats fed a highly palatable diet, either ad libitum (RSG-AL), or restricted 
(RSG-R) to that of vehicle-treated r3ts (CON) to negate the effect of RSG-related 
weight gain. A further group received normal chow ad libitum (CHOW). Plasma 
constituents and gene transcripts (TaqMan analysis) in epididymal white adipose 
tissue (WAT) and gastrocnemius muscle (GM) were measured. Results: Relative 
to CHOW, CON rats were hyperinsulinaemic (118±I I vs 85±2 pmol/1, p<0.05) 
and hypertriglyceridaemic (0.48+0.04 vs 0.26±0.05 mmol/1, /7<0.0l). RSG 
reduced plasma insulin (6816, 84±3 pmol/1 for RSG-R, RSG-AL; /K0.01 vs 
CON), triglycerides (0.13±0.01,0.18+0.01 vs 0.48±0.(M mmol/1, /K0.0001) and 
free fatty acids (0.4510.04, 0.4710.03 vs 0.8710.06 mmoll, /7<0.0001). Improved 
insulin action and plasma lipids by RSG coincided with significant (/K0.05) 
changes in mRNA levels of several genes relative to CON. In WAT of RSG-R 
and RSG-AL, fatty acid synthase (FAS) rose 2.86 and 2.35-fold, respectively, and 
fatty acid binding protein 3 (FABP3) by 29.3 and 25.3-fold. GLUT-4 and FABP4 
increased in RSG-R (by 1.71 and 1.52-foId), Resistin (by -60%), leptin (-50%) 
and TNF-a (39%) mRNAs were reduced by RSG, though TNF-a only in RSG-R. 
Transcripts that increased significantly in GM were hormone-sensitive lipase 
(1.44,1.51-fold in RSG-R, RSG-AL), FAS (2.84,4.9S-fold) and FABP4 (2.37, 
2.90-fold), though we cannot exclude the possibility that these were of adipocyte 
origin. Conclusion: Our data suggest that RSG-related enhanced insulin action 
may be associated with changes in both muscle and fat gene expression. 
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IMPACT OF INSULIN SENSITIVITY ON BODY COMPOSITION, PLASMA 
LEPTIN, LIPIDS AND PAM CONCENTRATIONS IN WOMEN WITH FORMER 
GESTATIONAL DIABETES 

A. Kautzky-Willer, K. Schindler, C. Winzer, G. Pacini, O.F. Wapier, B. Ludvik, A. 
Hofer, W. WaldhausI; Dept of Internal Med III, University of Vienna, Austria 
Background and alms: Women with prior gestational diabetes (GDM) are at high 
risk for later Type 2 Diabetes and might thus share parameters of the metabolic 
syndrome. Therefore we intended to study body composition, plasma leptin and 
parameters of the lipid and fibrinolytic system in relation to insulin sensitivity in 
GDMs. Methods: 51 women (Age: 33.5±4.6 years, body mass index (BMI): 

27.5±5.6 kg/m 2 , basal glucose: 91.7±10.9 mg/100ml, insulin: 10.4±8.3 pU/ml and C- 
peptide: 208.91104.6 ng/lOOml; means± SD) were studied 12-16 weeks postpartum. 
The insulin sensitivity index [Sp 10" 4 min" 1 (pU/ml)' 1 ] and the disposition index [DI: Si 
x acute insulin response to glucose (pmol/I)] were derived from insulin modified 
frequently sampled glucose tolerance tests and the insulin sensitivity parameter OG1S 
(ml min' 1 m' 2 ) from OGTTs by mathematical model analysis. Insulin resistance was 
defined as S| < 3. Body composition was measured by bioelectrical impedance (BLA), 
plasma lipids by gel electrophoresis, PAM by ELISA, TNF-Alpha and plasma leptin 
by RIA analysis. Results: 24 women were insulin-resistant (IR: Sj: 1.84±0.8 and 
OGIS: 370.5±27-6) compared to 27 women with normal insulin sensitivity (IS: Si: 
5.53±2.2 and OGIS: 460.2±57.3; p<0.0001, ANOVA). BMI (29.7±5.9 vs. 
24.9±3.5kg / m 2 , p<0.001), fat-mass in percent of body weight (FM:30.5±I0.9 vs. 
20.8±7.7, p<0.01), WHR (0.8610.05 vs. 0.8110.06, p<0.05), plasma leptin (18.4±6.7 
vs. 12.8±6.7ng/ml, p<0.01) and PAM (36.8±21.0 vs. '9.3112.4 ng/ml, p<0.001) 
levels were higher, while BCM percent of body weight (B CM3 5.714.0 vs. 38.714.3, 
p<0.05), HDL cholesterol (50.3114.1 vs. 60113.0 mg'dl, p<0.05) and DI (0.0810.006 
vs. 0.1510.07, p<0.001) were lower in IR. Si related to parameters of body 
composition (BMI r^.52, p<0.0001; FM r 2 =-0.59, p<0.0001; BCM rH).52, 
p<0.0001) and independent of body fat to plasma leptin (ri^-0.41, p<0.001) and PAM 
(r 2 ^^!, p<0.0001), but was not associated with TNF-Alpha. Conclusion: About 
50% of GDMs studied were still markedly insulin-resistant 12-16 weeks postpartum. 
This subgroup also had a relative beta-cell secretion defect and was furthermore 
characterized by higher fat mass, plasma leptin and PAM concentrations and changes 
in lipid profile as commonly found in diabetic patients. 
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INCREASED FAT MASS, REDUCED V0 z MAX AND FEATURES OF T1 IE METABOLIC SYNDROME IN 
HEALTHY LEAN WOMEN WITH PREVIOUS GESTATIONAL DIABETES MELLITUS. 

T. Ostergdrd 1 , B. Nyholm 1 , S. Nielsen 1 , N. Moller 1 , O. Schmitz 1 * 2 and P. Ovesen 1 . 
’University Hospital of Aarhus, and department of Clinical Pharmacology, University 
of Aarhus, Aarhus, Denmark. 

Background and aims: Healthy women with previous GDM have a considerably 
increased risk for later development of type 2 diabetes. The aim of the present study was 
to further characterize body composition, V0 2 max and aspects of glucose and lipid 
metabolism in these healthy but potentially prcdiabetic individuals. Materials and 
Methods: We examined 24 lean and anti-GAD negative women with previous GDM 
and 19 women with a normal pregnancy. Body composition was determined by means 
of bioelectric impedance and V0 2 max by a bicycle ergometer test. Glucose and lipid 
homeostasis were characterized during OGTT and 1VGTT. Insulin sensitivity was 
estimated as the glucose disappearance constant (K g i c ) during IVGTT. Results: Post- 
GDM women and controls were comparable with respect to age, BMI and total body 
weight, however % body fat (25.9± 1.0 vs 22.3* 1.5 %) was significantly increased and 
VOj max was significantly reduced (33.8*1.5 vs 38.2*1.5 ml/kgfaun) in post-GDM 
women (p(both)<0.05). All subjects had a normal OGTT, but AUC of blood glucose 
(305*23 vs 239* 19 mmol/I/min, p<0.01) was markedly increased in the post-GDM 
group. Similar findings were obtained with respect to serum insulin and C-peptide 
(p(both)s0.01). In the fasting state post-GDM women had hypertriglyceridemia 
(1.14*0.10 vs 0.85*0.07 mM), increased blood glycerol (55.1*3.9 vs 38.3*3.6 pM) 
and an increased total choIesterol/HDL-cholestcrol ratio (4.2*0.3 vs 3.5±0.2) 
(p(all)<0.05). Moreover, the insulin induced suppression of FFA tw o hours following 
OGTT was attenuated (0.09*0.01 vs 0.05*0.01 mM, p<0.05) in post-GDM subjects. 
K fi!c was diminished in the post-GDM group (1.30*0.12 vs 1.54*0.12, p=O.0S) whereas 
first-phase serum insulin was comparable in the two groups (I486* 170 vs 1512* 160 
pM/min). Conclusion: In conclusion the present study demonstrates that healthy, lean 
women with prior GDM arc characterized by an increased relative fat mass and reduced 
V0 2 max compared to controls with similar BMI. Despite a normal OGTT, the post- 
GDM women display several features of the metabolic syndrome. Insulin secretion was 
normal or exaggerated but appears inappropriately low considering the degree of insulin 
resistance. 
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THE EFFECT OF MATERNAL PROTEIN RESTRICTION ON HEPATIC 
GLYCOGEN METABOLISM IN WEANLING RATS 

A.K. Gosby, CA Maloney, JL Phuyal, JM Bryson and ID Caterson. Human Nutrition 
Unit, Department of Biochemistry, The University of Sydney, Australia. 

Background and Aims: Poor in utero nutrition can result in reduced fetal growth 
which is associated with insulin resistance in later life. The development of insulin 
resistance may be due to alterations in gene expression in enzymes involved in 
carbohydrate and lipid metabolism. We have previously found that weanlings from 
mothers fed low protein diets throughout gestation and lactation have increased 
plasma glucose and decreased plasma insulin concentrations compared to weanlings 
from mothers fed control diets. This study aimed to determine whether maternal 
protein restriction alters the expression and/or the activity of hepatic enzymes 
involved in glycogen metabolism in weanling rats. Materials and Methods: Mated 
females were placed on either a control (20% protein) (Con) or low protein (8% 
protein) (LP) isocaloric diet. Offspring were killed (fed) at 26 days, tissues and blood 
were collected. Liver glycogen content, glycogen phosphorylase (GP) and glycogen 
synthase (GS) gene expression and activities were measured. Results: There were no 
differences in the expression of liver GP (LP: 0.856 ± 0.26, Con: 0.676 ± 0.11, p = 
0.4) and GS (LP: 1.366 ± 0.25, Con: 1.167 ± 0.12, p = 0.4) genes relative to 3 actin. 
The LP offspring had greater active GP activity (nmol GIP/min/ng wet weight) (LP: 
7.15 ± 0.55, Con: 5.28 ± 0.52, p = 0.02). Total GS activity (nmol UDPG/min/ng wet 
weight) was reduced in LP offspring (LP: 0.226±0.023, Con: 0.307±0.026, p <0.001) 
as was active GS activity (LP: 0.158 ± 0.013, Con: 0.218 ± 0.023, p = 0.002). LP 
offspring had a 5-fold increase in liver glycogen content (pmol glucose/g wet weight). 
(LP: 336.9 ± 86.99, Con: 67.3 ± 15.86 p<0.0001). Conclusions: In utero malnutrition 
had no effect at weaning on the expression of key enzymes involved in hepatic 
glycogen synthesis and degradation but did have an effect on the activities of these 
enzymes. The changes seen in the activities of these enzymes towards decreased 
glycogen synthesis and increased glycogenolysis are consistent with the reduction in 
plasma insulin and raised plasma glucose previously found and suggest that these 
pathways in the livers of LP weanlings remain insulin sensitive. However, the 
changes in the activities of these enzymes are inconsistent with the elevated hepatic 
glycogen content found after LP feeding, suggesting dysregulation of other pathways 
which contribute to glycogen formation. 
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TISSUE SPECIFIC EXPRESSION OF ACETYL-COA CARBOXYLASE, FATTY' 
ACID SYNTHASE AND CARNITINE PALMITOYL TRANSFERASE I LN 
WEANLLNC RATS EXPOSED TO A LOW PROTEIN DIET IN UTERO 

C.A. Maloney, AK Gosby, JL Phuyal, JM Bryson, ID Caterson. Human Nutrition Unit, 
Dept of Biochemistry, The University of Sydney, NSW, Australia 
Background and Aims: Low birth weight and poor growth during childhood has been 
associated with early-onset abdominal obesity, type 2 diabetes, and hypertension in adult 
life (The Barker Hypothesis). Maternal protein energy malnutrition (PEM) in rats results 
in low birth weight and reduced growth after birth, but increased adiposity in later life. We 
have previously shown that maternal PEM in rats results in changes in hepatic gene 
expression in weanling rats which could result in increased fat deposition, ie increased 
expression of acetyl CoA carboxylase (ACC) and fatty acid synthase (FAS), enzymes 
involved in fat synthesis as well as decreased expression of carnitine palmitoyl transferase 
1 (CPT-1), a key enzyme for fatty acid oxidation. The aim of this study was to investigate 
the changes in the expression levels of these 3 genes in quadriceps muscle taken from the 
same animals. 

Materials and Methods: Pregnant mothers were placed on one of two isocaloric diets (a 
low protein diet (LP, 8% protein) or a control diet (CONT, 20% protein)) the day after 
pregnancy was confirmed. Mothers remained on the diet throughout pregnancy and 
lactation. Pups were weaned on day 25 after delivery and sacrificed on the morning of day 
26. Quadriceps muscle was removed for analysis of ACC, FAS and CPT-I mRNA 
expression using semi-quantitative reverse transcription polymerase chain reaction. The 
housekeeping gene b-actin was used as an internal control. 

Results: We have previously shown that the LP weanlings had a 40% lower body weight 
when sacrificed as well as a 4-fold increase in expression of ACC and FAS and a 50% 
decrease in CPT-I in the liver. In muscle however, there were no significant differences in 
the expression of these 3 enzymes relative to 6 actin; Cont vs LP: ACC: 0.89 ±0.08 vs 
0.72 ± 0.08; FAS: 0.61 ± 0.07 vs 0.64 ± 0.1; CPT-1: 0.91 ± 0.13 vs 0.94 ± 0.16. These 
similarities in expression occurred despite increased plasma glucose (9.1 ± 0.5 vs 11.2 ± 
0.5 mM), triglycerides (1.41 ±0.2 vs 1.99 ±.0 2 mM) and reduced plasma free fatty acids 
(0.432 ±.0.04 vs 0.087 ± 0.03 mM) and insulin (1.48 ± 0.3 vs 0.88 ± 0.1 ng/ml), all of 
which are known to regulate the expression of these genes. 

Conclusions: Whereas the gene expression pattern of ACC, FAS and CPT-1 in the liver of 
LP animals was found to be conducive to fat partitioning, muscle expression was unaltered 
showing that m3temal PEM in utero and during lactation alters gene expression in a tissue 
specific manner. 
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The influence of maternal thinness and age in twin pregnancies on insulin 
resistance in the offspring 

R.J.F. Loos, D.I.W. Phillips, R. Fagard, G. Beunen, C. Derom, C. Mathieu, J. 
Verhaeghe, R_ Vlietinck. Katholieke Universiteit Leuven, Leuven, Belgium and MRC 
Environmental Epidemiology Unit, Southampton, United Kimgdom 

Background and Aims: There is strong evidence that low birthweight is associated 
with glucose intolerance and diabetes. However, it is not clear whether fetal or 
maternal factors are responsible for this association. We have carried out a twin study 
to determine the relative influence of fetoplacental factors (as evidenced by 
associations beween birthweight and outcomes in twin pairs who were growth 
discordant at birth) or maternal influences such as body composition. 

Materials and Methods: We identified a sample of 423 twin pairs (250 MZ and 173 
DZ)from the East Flanders Prospective Twin Survey who were bom between 1964 
and 1982. Data collected in this study included the mother's body composition and 
weight gain during pregnancy, the twins* birthweights and gestational age. The twins 
(aged 18-34 years) attended a research centre for measurement of height, weight, 
waist-to-hip ratio, and fasting insulin and glucose concentrations. 

Results: We found little evidence that among discordant twin pairs the fighter twin 
had abnormal glucose-insulin metabolism in the adult life. However, both a low 
maternal body mass index and older maternal age at delivery were associated with 
hyperinsulinaemia and evidence of insulin resistance in the offspring. Fasting insulin 
increased by 1.3%[95CI 0.1-2.6%] per unit fall in maternal BMI and by 1.1% [95CI 
0.02-2.0%] per year increase in maternal age. These associations were independent of 
the twins' BMI and waist-to-hip ratio or their zygosity. 

Conclusions: These novel findings suggest that in twin pregnancies maternal factors 
are more important than fetoplacental factors in determining glucose-insulin 
metabolism in the offspring. 
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The effect of chronic exposure to fatty acids on gene expression profile in 
clonal insulin-producing cells: 

Jiairzhong Xiao, Sorcn Grcgcrscn, Steen B Pedersen, Mogcns KmholTer, Torbcn 
F 0mtoft and Kjeld Hermansen. ‘Aarhus, Denmark. 

Backgrounds and Aims. Changes of gene expression are involved in the 
mechanism of Iipotoxicity in beta colls. Extensive investigation of gene 
expression profiles may help to characterise the mechanism. Materials and 
Methods. INS-1 cells were cultured with palmitate (0,50 and 200 p. M) for up 
72 days. We studied changes in the insulin secretion capacity at day 2,9,16, 20, 
37,44, and 72, and 8740 gene expressions using high-density oligonucleotide 
microarray (gene chip) at day 2 and day 44.A subset genes was verified by real¬ 
time RT-PCR. Results. 1) Increased basal insulin secretion at 1.0 mM glucose is 
more pronounced (97±8 and 57±4 ng/mg protein/60 min respectively at day 44 
vs. 20±1 in control group, PO.05) and appeared earlier (2days vs.5 weeks) in 
cells cultured at 200 micro M than at 50 pM palmitate. 2) Glucose and fatty 
acid-stimulated insulin secretion was enhanced from day 2 to day 30 but 
declined after 37 days in cells cultured at 200 p. M palmitate. 3) There were 11 
and 99 genes at day 2 and 134 and 159 genes that changed expression at day 44 
after culture with 50 pM and 200 pM palmitate, respectively. 4) The results 
were good correlation between gene chip and those from RT-PCR; 5) changes in 
expression were found in genes involved in nutrient metabolism, signal 
transduction, ion channels, etc. Interestingly, genes involved in fatty acid 
oxidation were up regulated in cells culture with 200 pM palmitate whereas 
genes involved glucose oxidation were down regulated in cells exposed to 
longer time or higher concentration of palmitate. A combined suppression of 
insulin receptor, hepatic nuclear factor 4, cylokine-inducibic src-homology-2 
containing protein, glycogen phosphor} Iasc and insulin receptor substrate-2 
gene was found in cells cultured with 200 pM palmitate at day 44. Conclusion. 
Palmitate could modify insulin secretion and gene expression ofINS-1 cells. 

The alteration of gene expression was dose and time dependent to palmitate 
exposure. Rnadle’s glucose-fatty acids cycle seems operative in mRNA levels in 
INS-I cells that exposed to palmitate. A combined modification of expression of 
genes involved in different cell functions may contribute to the change of insulin 
secretion after exposure INS-1 cells to palmitate. 
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The role of ICER in Pancreatic beta cell: Study in ICER transgenic mice 
A. Inada, Y. Yamada, Y. Hamamoto, K. Miyawaki, Y. Ihara, and Y. Seino, 
Department of Metabolism and Clinical Nutrition, Kyoto University Graduate School 
of Medicine, Kyoto, Japan 

Background and Aims: Previously, w-e have reported that the expression of ICER, a 
powerful transcriptional repressor of insulin gene, was increased in pancreatic islets of 
diabetic animal. To ascertain the specific role of ICER in pancreatic beta cell in vivo, 
we have now generated ICER transgenic mice. 

Materials and Methods: The insulin mRNA level and the capacity of insulin 
secretion to glucose stimulation in ICER transgenic mice were examined by RT-PCR 
and batch incubation method, respectively. Serum parameters were determined by 
using ELISA kit. The morphological abnormalities in distribution and population of 
pancreatic islets cell were analyzed by immunohistochemistry. 

Results: ICER transgenic mice displayed severe hyperglycemia, and failed to develop 
the body weight. The expression of insulin mRNA and the serum insulin 
concentration were remarkably reduced, whereas serum ketone and glucagon levels 
were elevated in ICER transgenic mice. Upon oral glucose challenge, ICER 
transgenic mice kept abnormally high glucose levels, and did not return to basal 
values during the study. Insulin secretion to glucose stimulation of the islets isolated 
from ICER transgenic mice was completely an-ested. Furthermore, 
immunohistochemical studies revealed the deformity and reduction of beta cell and a 
significant increase in the number of alpha cell combind with the abnormal 
distribution within the islets in ICER transgenic mice. 

Conclusions: ICER plays critical roles in regulating the insulin gene transcription 
and maintaining the beta cell population in a differential state. 
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Effects of cytokine stimulation on the gene expression profile in insulin- 

producing RIN T m5F cells 

K.L. Souza, S. Lenzen, M. Tiedge, M. Eisner 

Institute of Clinical Biochemistry, Hannover Medical School, Hannover, Germany. 

Background and Aims: Type 1 diabetes mcllitus is an autoimmune disease, where T-cells and 
macrophages infiltrate the islets of Langerhans and lead to specific destruction of pancreatic 
bcia-cclls. Cytokines which are released by these infiltrating mononuclear cells are able to 
activate genes and proteins in the beta-cell which determine whether these cells will survive or 
undergo apoptosis or necrosis. To identify genes which arc involved in the cytokine mediated 
beta-cell destruction a restriction fragment differentia! display technique was used in this study. 
Materials and Methods: Insulin-producing RINmSF tissue culture cells were exposed for 6 
hours to a cytokine mix of ILl-beta (60 U/ml), TNF-alpha (14 U/ml) and IFN-gamma(I85/mI). 
The mRNA of the RJNm5F cells w as isolated and used for a restriction fragment differential 
display to obtain a comprehensive quantitative gene expression profile. The profile of cytokine 
stimulated RJNm5F cells was compared to that of untreated control cells. Differentially 
expressed genes were quantified by the gel analysis software GclPro and identified by tho 
Displajfit database. 

Results: RJNm5F cells exposed to the c>tokinc mix showed more than 50 differentially 
expressed genes in comparison with control cells. Apart from known cytokine regulated genes 
like inducible nitric oxide synthase (iNOS) and heat shock protein 70 (hsp70) several other 
differentially expressed genes grouped in ion channels, receptors, enzymes, regulatory and 
structural proteins were identified. Six different t}pcs of ion channels were down-regulated 
indicating an imbalance of ion homeostasis. In the group of regulatory proteins the expression 
of the calcineurin inhibitor gene was down-regulated resulting in an increase of iNOS activity 
and a stimulation of cndoc}tosis. Further support for an interference of cytokines with the 
cndocytosis pathway are observed expression increases of the megalin and clathrin genes. 
Conclusions: With the restriction fragment differential display technique it was possible to 
identify several new differentially expressed genes under cytokine stimulation. The up- 
regulation of several genes of the cndocytosis pathway is indicative for the activation of a 
cytoprotcctive pathway in the cells against c>tokine-induced toxicity. This knowledge can 
provide a better understanding of the molecular mechanisms leading to beta-cell destruction 
during diabetes type 1 manifestation and open perspectives for new treatment strategies. 
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The Protein Tyrosine Pbospbatase like Molecule IA-2 as a Model for Paracrine 
Regulation by Insulin 

K. Lobner, H. Steinbrenner, G.A. Roberts, G.-C. Huang, E. Bonifacio, J. Seissler and 
M R. Christie. 

Department of Medicine, King's College London, UK and German Diabetes Research 
Centre Duesseldorf, Germany 

Background and Aims: IA-2 is a major autoantigen in Type 1 diabetes. It is localised on 
secretory granules of islets and neuroendocrine tissues and its tyrosine phosphatase like 
structure is highly conserved between species. Activity, function and precise regulation are 
unknown. IA-2 is undetectable in rat foetal development from day 13 onwards but up-regulated 
after birth. This study investigates the regulation of IA-2 in rat and human pancreatic islets. 
Materials and Methods: Islets isolated from 1, 5 and 10 day old and adult rats as well as 
human islets were isolated and cultured for I, 2 or 10 days in RPMI containing 3, 6, 10 or 20 
mM glucose and supplemented with exogenous insulin (3, 16 and 160 nM), tolbutamide, 
forskolin, IBMX or diazoxidc, respectively. IA-2 protein and RNA content of the islets was 
quantified by Western blotting and Real Time PCR, respectively, and compared to the insulin 
accumulated in the culture medium. 

Results: IA-2 is up-rcgulatcd after birth in parallel with the maturation of insulin secretion. In 
vitro, IA-2 expression was strongly influenced by glucose. Culture in 10 mM compared to 6 
mM glucose resulted within 1 day in an 7-fold (rat islets) or 4-fold (human islets) increase in 
IA-2 content We have studied whether glucose regulates IA-2 expression directly, or indirectly 
via secreted insulin. In rat islets, addition of exogenous insulin, tolbutamide, forskolin or IBMX 
stimulated IA-2 expression by 4-, 2-, 2.5- or 3-fold, respectively, compared to culture in 6 mM 
glucose alone. When added to medium containing 10 mM glucose, none of these compounds 
resulted in a further increase of the LA-2 content IA-2 expression at 10 mM glucose could be 
blocked when insulin secretion was inhibited using diazoxidc. Similarly, in human islets, 
exogenous insulin and insulin sccrctagogucs increased IA-2 content while diazoxidc blocked 
the increase mediated by glucose. The up-regulation of IA-2 protein content was paralleled by 
an increase of IA-2 mRNA. 

Conclusions: LA-2 expression is up-regulated by glucose, exogenous insulin and insulin 
sccretagogucs and blocked by inhibitors of insulin secretion. These results demonstrate that the 
Stimulation of the LA-2 expression by glucose is mediated via insulin and regulated at the level 
of transcription. Insulin has been shown to feed back on insulin transcription but few is known 
about its influence on other beta cell specific proteins. This paracrine mechanism might account 
for the increase in IA-2 after birth and could be important for other aspects of islet maturation. 
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Sterol Regulatory Element Binding Protein lc (SREBP-lc) is regulated by 
glucose at the transcriptional level in MIN6 0 C£ll line. 

C. Andreolast, C. Zhaot, G. da Silva Xavierf, A. Varadif, F. FoufelleJ, P. FerreJ, F. 
Diraisont and G.A. Rutterf 

t Department of Biochemistry University of Bristol, U.K, BS8 1TD, JINSERM 
Unite-342, Centre Biomedical des Cordeliers 15, 75270 Paris, France. 

Background and Aims: SREBP lc plays an important role in the regulation by 
glucose and insulin of lipogenic gene transcription in liver and adipose tissue. 
Glucose also enhances the expression of similar genes in pancreatic islet-B cells, but 
the role of SREBP lc in this cell type is unknown. Our principal aim was to explore 
the molecular basis of the regulation of SREBP lc gene expression by glucose in the 
0 cell type. 

Materials and Methods: Homogenates were derived from the glucose responsive 
MIN6 0 cell line v» ere subjected to RT-PCR and western blotting to quantify SREBP 
lc in this cell type. Single cell nuclear microinjection of reporter gene constructs was 
used to analyse the effect of SREBP lc on gene expression. 

Results: Elevated glucose concentrations (30 versus 3 mM, 24h) increased SREBP lc 
niRNA levels (1.6 ± 0.6-fold; n = 3 experiments). Both unprocessed (58.8 ± 8.7%; n 
= 3 experiments; p< 0.05 with respect to 3 mM) and mature (31 ± 8.0%; n = 3 
experiments) SREBP lc protein levels were also increased by high glucose 
concentrations. Addition of exogenous insulin (20 nM) did not affect these changes. 
However, high glucose concentrations increased SREBP lc promoter activity (2.2 ± 
0.8 fold, n = 20 (3 mM) and n = 25 (30 mM) cells; 3 experiments). Microinjection of 
a dominant negative form of SREBP lc impaired transcription from the L-pyruvate 
kinase, acetyl CoA carboxylase, and preproinsulin promoters at elevated glucose (30 
mM). Injection of a constitutively active form of SREBP lc increased transcription 
from the same promoters at elevated but not low glucose concentrations. 

Conclusions: SREBP lc is expressed in MIN6 cells and it can be regulated by 
glucose, which acts at the transcriptional level. SREBP lc could be involved in the 
regulation of ACC1, L-type pyruvate kinase and preproinsulin gene expression in the 
0 cell. Its enhanced expression during prolonged hyperglycaemia could contribute to 
lipid deposition in 0 cells and defective insulin secretion. 
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Diabetes related autoantibodies in cord blood from children of healthy mothers 
have disappeared when the child is one-year old. 

J. Wahlberg and J. Ludvigsson. Dept, of Health and Environment, Div. of Paediatrics, 
Faculty of Health Sciences, Linkoping, Sweden 

Background and Aims: Auto-antibodies found in cord blood in children have been 
said to predict diabetes later in life If auto-antibodies are produced by the foetus one 
would expect to find them in the children still at the age of one year. 

Our aim is to screen for GAD and IA2 antibodies in cord blood, and then follow-up at 
the age of one year. 

Materials and Methods: ABIS (All Babies in Southeast Sweden) includes 17.000 
new-bom children who are followed prospectively with blood samples taken at birth 
and after 1, 2.5 and 5 years. We have determined auto-antibodies in cord blood from 
2.518 randomly selected children against Glutamic Acid Decarboxylase 65 (GAD), 
Thyrosinphosphatase (IA-2) by immunoprecipitation of 3H-labelIed antigen. 

Results: 49 were positive for GAD 65 antibodies and 14 for IA-2 antibodies. Three of 
them were positive for both. Four of the mothers of children with GAD65 antibodies 
in cord blood (8.2%) had Type 1 diabetes and 4 mothers to children with IA-2 
antibodies (28.6%), but only 0.4% in the antibody negative group. Infection during 
pregnancy was more common in autoantibody positive (32.7%) than antibody 
negative (20.1%; p<0.03). At one year follow-up of those positive in cord blood all 
were antibody negative. 

Conclusions: As autoantibodies found in cord blood had disappeared when the child 
is 1 year old they are probably passively transferred from mother to child. Thus 
antibody screening of cord blood will not be a good method to predict diabetes in the 
general population. 
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Proteome mediated identification of proteins Involved in p-cell maturation. 

K. Nielsen 3 , T Spane 3 , M.R. Larsen 2 , S. Fey 1 , P.M. Larsen 1 , P. Roepstorff 2 , J. Nemp 3 & 
AE. Karisen 3 . ’Center for Proteome Analysis and institute for Biochemistry and Molecular 
Biology, University of Southern Denmark, Odense and 3 Steno Diabetes Center. Gentofte, 
Denmark. 

Background: Type 1 insulin-dependent diabetes meilitus (T1DM) is associated with a 
specific destruction of the pancreatic {3-cells in the islets of Langerhans. Increased 
sensitivity to cytokines, In particularly interleukin-1 p (1L-1 p) seems to be an acquired trait 
during p-cell maturation. We hypothesize that in response to cytokines both protective and 
deleterious mechanisms are induced, and when the deleterious prevail T1DM develops. To 
analyze this hypothesis we used two cell-types, which dependent upon cell-culture 
maturates from a glucagons-produdng pre-p-cefl phenotype (NHI-glu) to an insulin- 
producing p-cel! phenotype (NHI-ins). Previous analysis demonstrated that maturation from 
the pre-p-cei! to the p-cell phenotype is associated with an acquired sensitivity to the toxic 
effed of lL-lp. Aim: To identify proteins of changed expression level involved in p-cell 
maturation and acquired sensitivity to tL-lp by using proteome analysis. Methods; 2D-gel- 
electrophoresis was performed on the two phenotypes followed by computer-assisted 
comparison of the protein-spots. Protein-spots of altered expression level were identified by 
mass spectrometry (MS). Results: Out of 2,239 detectable, 135 protein-spot showed an 
altered expression level during p-cell maturation (N=4, p<0.01). Of these, 74 were down- 
regulated, 44 up-regulated, 16 were suppressed and 1 was expressed de novo. From the 
135 protein-spots, 109 different protein identifications were obtained and of these were 26 
proteins present in more than one protein-spot reflecting post-translational modification. 
The identified proteins were assigned in 6 groups according to the known major functions: 
1) glycolytic enzymes (8), 2) aminoadd pathway and protein synthesis/degradation (19), 3) 
energy transduction (11), 4) cytokinesis, nudeoadd synthesis, transcription and nudear 
transport (20), 5) chaperones, translocation, protein folding and cellular transport (25) and 
6) signal transduction, regulation, growth, differentiation and apoptosis (26). Conclusion: 
Maturation of the pancreatic p-cells is complex involving several interacting mechanisms. 
The proteins involved and their spedfic functionally importance for p-cell maturation and 
the acquired sensitivity to cytokines needs to be further eluddated. An understanding of the 
molecular mechanisms responsible for these processes may yield important information to 
novel strategies towards intervention, prevention and/or islet transplantation in T1DM. 


116 

DiFiS - Diabetes Prediction in Skine 

Anita Nilsson, Sten Ivarsson and Ake Lemmark for The DiPiS Study group, Lund 
University, Lund,Sweden 

Background and Aims: The aspects of type 1 diabetes etiology suggest that HLA-DQ is 
the major generic susceptibility locus which modify risk in response to environmental 
factors and appearence of islet cell autoimmunity. Dried blood spots have been developed 
to efficiently screen for generic factors using PCR amplification. Children who later 
developed diabetes may have islet cell autoantibodies already in their cord blood. Since 
these children were bom to healthy mothers it was speculated that the children had been 
exposed to type 1 diabetes pathogenetic processes already in utero. The aims are 1) to 
screen all newborns in Skine, 2) to relate their HLA types and other generic factors to 
autoantibodies against GAD65 and IA-2, alone or in combination to determine the positive 
predictive value for type 1 diabetes. Materials and Methods: All mothers and their 
newborns in the Skine region of Sweden are currently screened at birth.Skine has 1.4 
million inhabitants and about 10,000 children are bom per year. More than 100 children 
are diagnosed with type 1 diabetes per year. Dried blood spots are prepared at birth from 
mother and child for HLA typing and autoanribody analysis. Time-resolved fluorometry- 
based HLA-DQB1 typing on dried blood spots are used to assess type I diabetes'risk 
alleles. Following elution from the dried blood spots, GAD65 and IA-2 autoantibodies 
(Ab) are determined in standardized radioligand binding assays.Both antibodies are first 
analyzed simultaneously.Samples with high binding index are re-analyzed individually. 
Results: A total of 2019 children were bom during the first three months of the study. The 
number of children with high risk HLA DQ alleles amounted to 6,0% for heterozygous 
DQB1*02/0302 (02 includes the DR7 associated 0201), 8.8% 0302/X (X is excluding 
0602, 0603, 0301 and 02) and 15.3% 02/X (X is excluding 0602, 0603, 0301 and 0302). 
The simultaneous assay of GAD65Ab and IA-2Ab revealed 60 (3%) samples that required 
analysis of both autoantibodies. High titer GAD65Ab (>50 U/ml) were found in 17 (0,8%) 
children and IA-2Ab (>15 U/ml) in 4 (0.3%) children. Double positive GAD65Ab and IA- 
2Ab were found in one (0.05%) mother-child pair, neither subject had high risk IILA-DQ 
alleles. Levels of autoantibodies were higher in cord than in the mothers blood at delivery. 
In 5/17 mother-child pairs, GAD6SAb were detected in the cord but not in the mothers 
blood sample. Among the 17 GAD65Ab positive children 9 had a DQ 02 allele, 4 a 0302 
allele and 9 the non-risk alleles 0602,0603,or 0301 (as.). Conclusions: Dried blood spots 
represents an efficient way to screen newborns and their mothers for both HLA genetic 
factors and autoantibodies to predict the risk of developing type 1 diabetes. 
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IMPORTIN' BETA: A NOVEL AUTO ANTIGEN IN TYPE 1 DIABETES 
IDENTIFIED BY SCREENING RANDOM PEPTIDE LIBRARIES ON PHAGE 
WITn DIABETIC SERA 

A. Fierabracci A , T.O.OIa*. P.A. Biro* and G.F. Bottazzo. A Autoimmunity 
Laboratory, Ospedale Pediatrico Bambino Gesu, Rome, Italy; ‘Department of 
Immunology, St Bartholomew's and the Royal London School of Medicine and 
Dentistry, London, UK; ** Scientific Directorate, Ospedale Pediatrico Bambino 
Gesu, Scientific Institute, Rome, Italy 

Background and Aims: In order to identify novel autoantigens in Type 1 diabetes we 
screened random peptide libraries on phage (RPLs) with Type 1 diabetic sera. With 
this method, we identified five disease-specific 'mimotopes' displayed on phage 
(phagotopes). Their sequence did not correspond to any known protein on Databases. 
We initially characterised one phagotope (CHlp)as an epitope of human osteopontin, 
an autoantigen expressed within the somatostatin cells of human islets. The aim of 
this study was to characterise a second phagotope, 195Dyn, which was reacting with 
20% newly diagnosed diabetic sera and none of the normal controls. 

Materials and Methods: In order to characterise phagotope I95Dyn, we raised a 
specific rabbit antibody against it, which was employed in immunohistochemistry, in 
the screening of a lambda gtl 1 cDNA library from human islets and in Western Blot. 
Results: The 1950)11 mimotope was detected in human islets according to a classical 
ICA staining (whole pattern). The screening of the lambda gtll cDNA library 
identified a specific clone, whose sequence corresponded to human imporlin beta. In 
Western Blot of human osteosarcoma cell extracts, the anti-195Dyn antibodies 
identified a protein of approximately 90kD corresponding to that produced by anti- 
importin beta antibodies. In preliminary studies, antibodies against the protein were 
demonstrated by ELISA in 10/10 human diabetic sera and 1/10 normal controls, and 
radioimmunoassay with the recombinant protein with a large number of diabetic sera 
and controls is at present under investigation. 

Conclusions: In summary, RPLs proved to be successful in identifying another novel 
islet-related autoantigen (importin beta), whose significance in disease remains to be 
established. 
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Enterovirus infections and the risk of Type I diabetes 

H. Hyoty, K. Salminen, K. Sadeharju, M. Lonnrot, S.Korhonen, T.Simell, J.IIonen, 
MKnip, O.Simell. JDFI Center for Prevention of Type 1 Diabetes in Finland; 
Universities of Turku, Tampere and Oulu, Finland. 

Background and Aims: We have previously found that enterovirus infections are 
associated with increased risk for Type I diabetes in prospective studies. In the present 
study we analysed further this association by studying extended number of children 
who were followed from the birth and who turned postive for diabetes-associated 
autoantibodies or developed clinical diabetes during the observation. 

Materials and Methods: The study subjects participated the Finnish Diabetes 
Prediction and Prevention Study (DIPP). In this study all newborns arc first screened 
for diabetes associated HLA-DQB1 alleles and those with high risk alleles are invited 
to follow-up. Enterovirus infections were diagnosed by serology and RT-PCR from 
serum samples taken during the follow-up of 41 case children who developed type 1 
diabetes associated autoantibodics or clinical diabetes and 196 control children 
matched for the time of birth, gender and HLA-DQB1 alleles. 

Results: Enterovirus infections were more frequent in case children than in control 
children: 24% (59/248) vs. 16% (183/1114) of the follow-up sample intervals 
indicated infection, respectively (p=0.004). The average enterovirus antibody levels 
were also higher in case children than in control chilren (p=0.003 for coxsackievirus 
B4 IgG). To study further possible causal association we analysed if there was any 
temporal association between the induction of autoantibodies and enterovirus 
infections. Enterovirus infections were particularly frequent during the 6 months 
period preceding the first detection of autoantibodies: 51% (21/41) of the case 
children compared to 28% (55/196) of the control children had infection at that time 
(odds ratio [OR] 3.0, 95% Cl 1.4-6.4). Enterovirus RNA was found in 17% of the 
case children and 3% of the control children during this period (OR 7.7, 95% Cl 2.1- 
29.2). There was no difference in the frequency of adenovirus infections between the 
case and control groups (p0 8). 

Conclusions: This data confirm our previous findings and support the hypothesis that 
enterovirus infections are a risk factor for type 1 diabetes. 
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THE IA-2 INTRACELLULAR FRAGMENT (a.a.761-964) IS THE MOST 
SENSITIVE MARKER OF U-2 AUTOLMMUNITY IN TYPE 1 DIABETES 
C. Tibcrti, L.Yu, A-Veirienti, V.Di Giovanni, L.Farilla, E.Vecci, G.S.Eiscnbarth, F.Dotta 
and U.Di Mario. Dept, of Clinical Sciences, University "La Sapienza" Rome, Italy; 
Barbara Davis Center for Childhood Diabetes, Denver, CO, USA. 

Background and Aims: Recently, we successfully utilized the strategy of displaying 
peptides on the surface of bacteriophages to screen a diabetes specific cDNA library. Such 
methodology, applied to fragment IA2/512bdc of the tyrosine-phosphatase 2 (a.a256- 
556:630-979) allowed us to identify two major IA-2 autoreactive epitopes in the 
intracellular domain of the protein (aa.761-964 and a a.929-979). The larger clone 
(aa76I-964) was found to be autoimmune target of all 5I2bdc autoantibody-positive type 
1 diabetic sera investigated in that study, suggesting that this region contains the main 
autoantigenic repertoire of tyrosine-phosphatase 2. Aim of this work was to analyze the 
autoantibody response to IA-2 (a.a.761-964) construct in comparison with that of other 
five IA-2 fragments (a.a.256-760, 761-928, 929-979, IA2/512bdc, 601-979) and full- 
length protein (aa. 1-979). Patients and Methods We tested sera from 39 first degree 
relatives of type 1 diabetic patients (20m, 19f), ICA and'or GAD65Ab and/or IAAb 
positive, who subsequently developed type 1 diabetes (16/39 sequentially followed until 
diagnosis), 131 randomly selected newly diagnosed type 1 diabetic patients (74m,57f) and 
100 normal controls (53m,47f). Autoantibodies to IA-2 fragments were detected by a 
quantitative radioimmunoprecipitation assay using [35S]-methionine. Values above 99th 
percentile of normal controls were considered positive and calculated separately for each 
IA-2 fragment 

Results: 31/39 type 1 diabetic first degree relatives had autoantibodies directed against at 
least one IA-2 fragment, in particular 31/31 against IA-2(761-964) construct, 19/31 vs IA- 
2(256-760), 18/31 vs IA-2(761-928), 23/31 vs IA-2(929-979), 27/31 vs IA-2/512bdc, 
30/31 vs IA-2(601-979), 29/31 vs IA-2( 1-979). Interestingly, as for the 16 prediabetic 
patients followed up before diagnosis, in all 16 of them the first autoantibodies to appear 
were directed against fragments IA-2(761-964) and IA-2(601-979). Among newly 
diagnosed type 1 diabetic patients 84/131 had autoantibodies directed against IA-2(76I- 
964) construct, 42/131 vs IA-2 (256-760), 32/131 vs IA-2 (761-928), 59/131 vs IA-2 (929- 
979), 78/131 vs IA-2/512bdc, 78/131 vs IA-2(601-979) and 75/131 vs IA-2(l-979). 
Conclusions These data confirm IA-2(761-964) domain as a dominant target of IA-2 
autoimmunity in prodromal-phases and at diagnosis of type 1 diabetes, strongly suggesting 
the application of this construct as autoimmune marker in disease prediction and 
prevention studies. 
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L\-2 AUTOANTIBODIES BETTER PREDICT IMPENDING TYPE 1 
DIABETES THAN MULTIPLE ANTIBODY POSITIVITY 
K Decochez, IH De Leeuw, B Keymeulen, C Mathieu, R Rottiers, I Weets, E 
Vandemeulebroucke, I Truyen, FC Schuit, DG PipeJeers, FK Gorus and the Belgian 
Diabetes Registry, Brussels, Belgium 

Background and Aims: Multiple antibody positivity is generally considered as the main 
predictor for progression to clinical onset of type 1 diabetes. We compared its predictive 
value for impending type 1 diabetes with that of positivity for IA-2 antibodies. Materials 
and Methods: Siblings (n=1724; median age [range]: 16 [0-39] years) of type 1 diabetic 
patients were followed for a median (range) period of 24 (0-131) months. Antibodies 
against islet cell cytoplasm (ICA) were measured by indirect immunofluorescence and 
antibodies against glutamate decarboxylase (GADA), IA-2 protein (LA-2A) and insulin 
(IAA) by radioligand assays. Antibody-positive siblings were HLA DQ genotyped. 
Survival analysis was used to assess progression to diabetes. Results: On initial sampling 
4.2% of siblings were positive for ICA, 5.6% for GAD A, 1.7% for IA-2A, 5.5% for IAA, 
11% for at least 1 antibody type and 2.0% for at least 3 types. Twenty-five siblings 
developed diabetes after a median (range) follow-up of 13 (2-77) months. Their antibody 
positivity during the preclinical phase increased from 52 to 76% for ICA, 64 to 68% for 
GAD A, 56 to 72% for IA-2 A and 48 to 64% for IAA. They were positive for at least 1 
antibody in 92% of cases at first sampling and in 100% at clinical onset and for at least 3 
antibodies in respectively 44 and 68% of cases. Progression to clinical onset tended to be 
associated with the number of antibody positivities prpclinically, reaching 44% within 4 
years for n=3 (P<0.001 vs n=l); however, this progression was not significantly different 
for subjects with positivity for 2, 3 or 4 antibodies. Positivity for 2 or 3 antibodies other 
than 1A-2A did confer less than 15% progression within the next 6 years (P<0.002 vs IA- 
2A positivity). Positivity for LA-2A was associated with 70% progression to diabetes 
within 4 years vs 1% in absence of IA-2A (P<0.001). In IA-2A positive siblings the 
progression rale tended to increase with IA-2 A levels (P=0.06 for highest textile vs the 
rest) and with the presence of the HLA DQ2/DQ8 high risk genotype (P=0.08 vs non 
[DQ2/DQ8]) but not with age or the number of other antibodies present In 87% of 
initially IA-2A positive subjects positivity persisted during follow-up. Conclusions: In 
siblings of type 1 diabetic patients IA-2A positivity better predicts impending clinical 
onset than multiple antibody positivity. IA-2 A levels and HLA DQ status may further 
refine prediction. These findings may facilitate the enrolment of subjects with 
homogeneously high risk for diabetes in prevention trials, hereby reducing the sample 
sizes needed. 
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Pyridoxamine inhibits formation of advanced glycoxidation and lipoxidation 
end- products and retards development of nephropathy in hyperiipidemic and 
diabetic rats. 

J.W. Baynes, N.A. Alderson, M.E. Chachich, N.N. Youssef, S.M Jiminez, R.J. 
Beattie, A.S. Januszewski, S.R. Thorpe. University of South Carolina, Columbia, 
South Carolina, USA. 

Background and Aims: We evaluated the effect of pyridoxamine (PM), an inhibitor 
of formation of advanced glycoxidation and Jipoxidation end-products (AGE/ALEs), 
on the formation of AGE/ALEs and development of nephropathy in streptozotocin 
(STZ)-diabetic Sprague Daw ley (m=12) and obese, pre-diabetic Zucker (fa/fa; n=7) 
rats. 

Materials and Methods: PM was administered in drinking water at 1-2 g/L for 7 
months. Plasma glucose (Glc), glycated hemoglobin (GHb) and plasma triglycerides 
(TG) were measured by commercial kits, and 24-hour urinary albumin (UA) by 
ELISA. Glycation (fructoselysine (FL)), AGE (pentosidine), ALE (malondialdehyde- 
lysine (MDA-Lys)) and AGE/ALEs (caiboxymethyl- and carboxyethyl-Iysine 
(CML/CEL)) w ere measured by HPLC and GC/MS. 

Results: Glc increased from 5 to 25 mM, and GHb from 7 to 13% in STZ rats; fa/fa 
rats remained normoglycemic. PM had no effect on glycemia in either STZ or fa/fa 
rats. FL increased -5-fold in STZ, compared to non-diabetic rats. TG increased from 
-75 mg/dL in non-diabetic and lean controls to 400 and 750 mg/dL in STZ and fa/fa 
rats, respectively, and was decreased by -50% toward control values by PM (p<0.01). 
Pentosidine, MDA-Lys, and CML/CEL increased 2-5 fold in skin collagen of both 
STZ and fa/fa, compared to control rats, and, except for pentosidine, were decreased 
-50% toward control values by PM (p<0.01). UA increased to a mean of 43 and 31 
mg/24 hr in STZ and fa/fa rats, and was decreased by PM to 13 and 6 mg/24 hr 
(p<0.01), vs. control values of 2-3 mg/24 hr. 

Conclusions: Dyslipidemia, even in the absence of hyperglycemia, causes a 
significant increase in AGE/ALE formation in tissue proteins. PM was a potent 
inhibitor of both hyperlipidemia and AGE/ALE formation, and also inhibited the 
progression of nephropathy in STZ-diabetic and Zucker pre-diabetic rats. PM should 
be useful for treatment of nephropathy in both type 1 and type 2 diabetes. 
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FOOD ADVANCED GLYCATION ENDPRODUCTS INDUCE ACTIVATION OF 
PLATELETS BY INCREASING EXPRESSION OF RECEPTORS FOR AGE 

C. E.Bucnting, T. Koschinsky, B. Schwippcrt, R. Ruettcr, J. Weiss, P. Roesen, 

D. Tschocpe, German Diabetes Research Institute, Ducsscldorf, Germany 
Background and Aims: Advanced Glycation Endproducts (AGE) can induce platelet 
activation, the key event in atherothrombosis superimposed to coronary artery disease, 
but it remained unknown whether an AGE-spccific, receptor-related signalling 
mechanism (RAGE) in human platelets exists that can be triggered by food AGE. 
Materials and Methods: The effect of AGE derived from CocalD-, Pepsi®- and Red 
Star® Cola, Cocoa Sarotti® and Nescafe® purified by lysozyme affinity chromato¬ 
graphy was examined at various concentrations (1-300 pg AGE-pcptide/ml *= 0.7 - 
210 AGE U/ml) for 0.1 - 2 h in vitro on freshly isolated blood platelets (10 5 /pl) from 
fasted diabetic (n=31) and nondiabctic (n=10) subjects according to Diisscldorf III 
protocol. Platelet activation, determined as expression of CD62, CD 63, CD 41 and 
receptor bound fibrinogen (RF) at the platelet surface membrane, was measured by 
FACS-analysis using specific antibodies. The presence of RAGE in platelet mem¬ 
branes from 11 subjects (9 diabetic, 2 non-diabctic) was examined by Western Blot 
from platelet lysates and by flow cytometric (FACS)-analysis of freshly isolated 
platelets. Both methods used a specific antibody against the N-tcrminus of RAGE 
(Santa Cruz Biotechnology). The effect of Cola-AGE (7 U/ml) on RAGE expression 
was studied by incubating platelets (10 5 /pl) for 15 min. 37°C. Results: RAGE was 
present in platelet membranes of all subjects, independently by Western Blot and 
FACS-analysis. Cola-AGE increased RAGE expression at the platelet surface 
membrane from 14.9±3.3% up to 30.1±6.7% positive platelets (p<0.01). AH food- 
AGE stimulated the expression of CD 41,62,63 and RF at the platelet surface 
membrane from diabetic and nondiabctic subjects as a function of concentration and 
time, reaching maximal stimulation at 15- min. at 10-30 pg AGE-pcptide/ml with a 
significant increase in platelet aggregation and a concomitant decrease in platelets/pl. 
Conclusions: The increased RAGE expression in human platelets offers a signalling 
mechanism for food AGE, in concentrations that occur in vivo after an AGE-rich 
meal, that could favor postprandially the precipitation of acute ischemic events. 
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MOLECULAR ANALYSIS OF THE EFFECTS OF RAGE PROMOTER 
POLYMORPHISMS ON GENE FUNCTION 

B.I. Hudson, MRStickland, T.S.Futers, P.J.GranL Academic Unit of Molecular 
Vascular Medicine, University' of Leeds, Leeds, UK. 

Background and Aims: The Receptor for Advanced Glycation End-products 
(RAGE) has been implicated in the pathogenesis of diabetic vascular complications. 
AGE/RAGE interaction results in expression of procoagulatory and proinflammatory 
genes leading to an altered vascular phenotype. Blockage of AGE/RAGE has been 
demonstrated to reverse these effects and to prevent the development of 
atherosclerosis in animal models. The hallmark of RAGE in pathogenic situations is 
the increased cellular expression found.' It is possible that polymorphisms w ithin key 
promoter regions may influence RAGE expression and it effects. We previously 
identified the -374 T/A and -429 T/C polymorphisms, of which the 429 C allele was 
found to associate with retinopathy. In this study we investigated the functional effect 
of these polymorphisms. Materials and Methods: We have investigated the effects 
of the polymorphisms on promoter function by reporter gene studies and transcription 
factor binding assays. Results: In reporter gene studies, the 429 C and -374 A 
alleles resulted in a 2 to 3 fold increase in expression. We are currently investigating 
this further by expressing these variants in other cell types, with/without AGE 
stimulation. Investigation of the effects of these polymorphisms on transcription 
factor binding was performed with nuclear extract from the monocytic cell line U937 
and HepG2 cells. Although no clear differences were seen between the T and C 
alleles for the 429 polymorphism, the introduction of the rarer A allele of the -374 
polymorphism completely abolished the DNA:protein complex using nuclear extract 
from both U937 and HepG2 cells. Together w ith the reporter gene data, this suggests 
the disruption of a repressor domain in these cell types, possibly leading to increased 
RAGE expression. Analy sis of the polymorphic regions for transcription factor 
binding sites by TRANSFAC implicated a number of repressor-likc factors. We are 
therefore currently characterizing any binding motifs involved using DNascI 
footprinting, w hich will help identify* the factor(s) involved. 

Conclusions: The 429 and -374 polymorphisms appear to have a functional effect 
on RAGE transcriptional regulation. Further studies arc required to characterise 
which transcription factors are affected by these polymorphisms and to assess the 
influence on RAGE gene expression in situ. This data should provide new 
information on the role of RAGE and its genetics in diabetic vascular disease. 
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ELEVATION OF SERUM AGE-FF.PTIDE LN PATIENTS WITH DIABETIC 
NEPHROPATHY DETECTED BY FLOW INJECTION ASSAY’ 

Z.L. Sun, N.F. Liu, B .C. Liu and J.P. Wang. Department of Endocrinology, ZhongDa 
Hospital, SouthEast University, Nanjing 210009, China 

Background and Aims: Advanced glycosylation end products(AGEs) may play a 
central role in the pathogenesis of diabetic nephropathy (DN) due to hyperglycemia. 
Clinical quantitation of AGEs especially low molecular mass AGE-peptide in serum 
may serve as a useful marker for monitoring pathological process and progression of 
DN. In the present study, we detected the serum AGE-peptide levels in the healthy 
control people and diabetic patients with or without DN by flow injection assay(FIA). 
Materials and Methods: Serum samples were obtained from 54 age-matched healthy 
nondiabetic subjects and 126 patients with DM. DM patients were divided into four 
groups: 35 normoalbuminuria (N)(UAER<30mg/24h); 33 microalbuminuria 
(Mi)(UAER>30mg/24h and UA£R<300mg/24h); 30 macroalburninuria 

(Ma)(UAER>300mg/24h); 28 overt proteinuria with insufficient renal function(RF). 
A flow injection system was set up by using HPLC to detect AGE-pcptide. 

Results: The coefficient of variance for intra-assay and inter-assay were 1.21% and 
6.35%, respectively; The range of recoveries was 94.88% - 101.89%; The serum 
AGE-peptide level was significantly elevated in four groups of diabetic patients 
(N:1.8+-0.6, Mi;1.8+-0.4, Ma;2.1+-0.9 and RF:3.5+-1.3 U/ml, respectively) as 
compared with control group (1.4+-0.5U/ml, P<0.01-0.0001), Level of AGE-peptide 
was positively correlated with serum creatinine(r=0.71, P<0.0001), 24 hour urinary 
protein(r=O.87,P<0.000l) and urinary albumin excretion(r=0.59,P<0.0001). 
Conclusions: I. FIA might be a reliable method for measuring the serum AGE- 
peptide. 2. The serum AGE-peptide were significantly elevated in the patients with 
DN and might relate to the severity of DN. 
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Fluorescent advanced glycation endproducts, argpyrimidine and pentosidine, in lens 
proteins of diabetic and healthy control human subjects 

N. Ahmed, P.J. Thomalley, J. Dawczynski, S. Franke and G. Steia Department of 
Biological Sciences, University of Essex, Colchester, U.K. and Department of Internal 
Medicine 4, University of Jena, Jena, Germany 

Background and Aims: The accumulation of advanced glycation endproducts (AGEs) 
have been implicated in diabetic complications. One of the key sites of AGE accumulation 
is the lens where AGEs may be linked to colouration of cataract Non-tryptophan 
fluorescence has been used to determine AGEs in lens proteins. Argpyrimidine, formed 
from methylglyoxal, has recently been found to be a key fluorescent AGE. Pentosidine is a 
further well-studied fluorescent AGE formed from pentose sugars. In this study, we 
compare the concentrations of argpyrimidine and pentosidine in lens proteins of diabetic 
and normal healthy human subjects. 

Materials and Methods: Lens were extracted from 45 human subjects: 25 normal healthy 
controls with age of 66 ± 17 years (15 male, 10 female), and 18 subjects with diabetes 
mellitus with an age of 71 ±9 years (6 male, 12 female); P>0.05. Four normal controls 
were non-cataractous; 24 were cataractous with 16 of mild and 6 severe colouration. All 
lens of diabetic subjects were cataractous with 11 of mild and 7 severe colouration. Lens 
proteins were de-lipidified, washed by ultrafiltration and hydrolysed enzymatically - to 
avoid acidic degradation of AGEs. Argpyrimidine and pentosidine were assayed by IIPLC 
with fluorescence detection (ex. 320 nm, em. 385 nm). Arginine content of lens 
hydrolysates was determined by derivatisation with 6-aminoquinoIyl-N- 
hydroxysuccinimidyl carbamate (AQC) and IIPLC with fluorescence detection (ex. 245 
run, em. 395 nm). 

Results: The concentration of argpyrimidine in lens proteins was (mean ± SD, mmol/mol 
arginine): normal controls 0.764 ± 0.353, diabetic subjects 0.726 ± 0.339 (P>0.05). The 
concentration of pentosidine in lens proteins (median, range; mmol/mol arginine): normal 
controls 0.0054, 0.0010 - 0.0160; diabetic subjects 0.0031, 0.001 - 0.0353 (P>0 05). 
Pentosidine was less than the limit of detection (0.0004 mmol/mol arginine) in 20 samples. 
Therefore, argpyrimidine content of human lens was > 20 fold higher than pentosidine and 
was a major AGE fluorophore. There was no significant difference in argpyrimidine or 
pentosidine content of lens with mild and severe colouration (P>0.05). 

Conclusions: Argpyrimidine is a major AGE fluorophore in lens was present at ca. 0.7 
mmol/mol arginine. Pentosidine content of lens proteins was >20 fold less. Lens with mild 
and severe colouration both contained argpyrimidine and pentosidine. 
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Insulin Mediated Increase in Angiotensinogen Expression and Angiotensin II 
Secretion from Human Abdominal Adipose Tissue 

Harte A.L., McTeman C.L., Barnett A.H., McTeman P.G., Kumar S. University of 
Birmingham, Birmingham, U.K. 

Background and Aims: Angiotensinogen is an important regulator of blood pressure 
and is known to be increased in obesity and type 2 diabetes. Previous studies have 
demonstrated the presence of both angiotensinogen and active metabolite angiotensin 
II in human adipose tissue. 

Materials and Methods: In this study we investigated the influence of varying 
insulin doses on both the protein and mRNA expression of angiotensinogen and the 
secretion of angiotensin II in human female subcutaneous (Sc) abdominal fat (n=12). 
Isolated Sc adipocytes were treated with varying doses of insulin (InM-lOOOnM) for 
48hrs. Following treatment, the adipocyte medium, including secreted products and 
adipocytes were harvested for protein and mRNA levels. Western blotting was 
performed on the protein extracted from the adipocytes to determine angiotensinogen 
expression. ELlSAs were performed on the collected medium to determine 
angiotensin II expresssion. Angiotensinogen mRNA levels were also assessed by 
quantitative real time PCR. 

Results: Increasing doses of insulin (Ins) raised angiotensinogen protein expresssion 
in a dose dependent manner (Control I.0+/-0.0, (mean+/-SE), protein expression 
measured relative to control; Ins InM 1.13+/-0.1; Ins lOnM: 1.37+/-0.14*; Ins 
IOOnM: 2.1+/-0.3**; Ins 500nM: 4.1+/-0.83** Ins lOOOnM: 5.2+A8.7** ; *p<0.05, 
**p<0.01). Insulin also raised angiotensin II secretion in a similar pattern to 
angiotensinogen protein expression (Control: 214+/-I2.6pg/mI, Ins InM: 266.3+/- 
12.5pg/ml; Ins lOnM 358.8+/-2I.lpg/ml; Ins IOOnM 459+/-22.71pg/ml**; Ins 
500nM: 759.5+/-53.3pg/ml***; Ins lOOOnM: 2122.0+/-116.7pg/ml"*, •♦♦pcO.OOl). 
However assessment of insulin treated adipocytes by . mRNA analysis in female 
subjects revealed no significant alteration in gene expression compared to control 
(Control: delta Cycle threshold (dCt) 17.36+/-0.29 (mean +/-SE); Ins InM: dCt 
16.91+/-0.3S; Ins IOOnM: dCt 17.04+/-0.14; p=N.S). 

Conclusions: Increasing insulin doses stimulates both angiotensinogen and 
angiotensin II production, which appears unrelated to mRNA expression, in insulin- 
treated female subcutaneous adipocytes. In this study protein analysis indicates that 
insulin may be an important factor for affecting obesity-related hypertension. 
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Association between serum advanced glycation endproduct concentrations and 
mild cognitive impairment in elderly diabetic patients 

A. ARAKI, Y. Murotani, F. Fujikake, II. Ito, Section of Endocrinology, Tokyo 
Metropolitan Geriatric Hospital and Tama Tokyo Metropolitan Geriatric Hospital, 
Japan 

Background and Aims: Advanced glycation endproducts (AGEs) have been 
postulated to be involved in the mechanism for Alzheimer disease as well as diabetic 
complications. AGE might affect cognitive function through the action of 
neurotoxicity. However, few studies have been conducted to assess the relationship 
between AGE and cognitive function in diabetic patients. 

Materials and Methods: Three hundred thirty six elderly diabetic outpatients (125 
men, 216 women) with a mean age of 74 years (duration of diabetes; 14 years) were 
selected from 463 participants in a longitudinal study on QOL of elderly diabetes 
mellitus. Serum AGE was measured with enzyme immunoassay (EIA) using an 
antibody that crossreacted with carboxymethyllysine (CV<5%). Several domains of 
cognitive function were assessed using the WAIS-R (digit symbol substitution, 
backward digit span, picture arrangement, similarity), Stroop test, Benton visual 
retention test, and mini-mental state examination test (MMSE). The associations 
between serum AGE and other variables were assessed by Spearman's rank 
correlation. 

Results: Serum AGE levels in elderly diabetic patients significantly correlated with 
age (r= 0.23, P<0.001), duration of diabetes (r= 0.23, P<0.001), and HbAlc (r= 0.22, 
P<0.001). Serum AGE concentrations were significantly associated with the score of 
digit symbol substitution (WAJS-R) (r= -0.15, P<0.05), Stroop test (r= 0.18, 
P<0.05), MMSE (r= -0.10, P<0.10), but not Benton visual retention test, and the other 
tests of WAIS-R. The results suggest that the AGE may affect attention, 
concentration, and speed of mental processing. However, there was no significant 
association between serum AGE and the presence or number of cerebral infarction 
(defined as localized T2-weighted high, TI-weighted low lesions by brain MR 
images). The association between serum AGE and digit symbol substitution test 
score remained significant after adjustment for HbAlc using multiple linear 
regression analysis. 

Conclusions: High serum AGE concentrations in elderly diabetic patients were 
associated with the impairment of attention and speed of mental processing 
independent of the presence of cerebral infarction. 
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Decrease in Age Adjusted IGF-I and Kidney Volume Decrease at Eight Year 
Followup of Type 1 Diabetics 

Bjorn F. Lindgren, Kerstin Brismar, Claes-Goran Ostenson, Hans Jacobsson, 
Stefan H. Jacobson Department of Endocrinology and Diabetology; Department of 
Diagnostic Radiology; Department of Nephrology, Karolinska Hospital, 
Stockholm, Sweden 

Background and Aims: In type 1 diabetes an initial increase in kidney volume 
and filtration phase turn later into a progressive decline. The aim of this study was 
to assess the changes over 8 years in kidney volume and to correlate them to renal 
function. Furthermore the relation to IGF-I (insulin-like growth factor-I) and one of 
the IGF binding proteins - IGFBP-I was investigated. 

Materials and Methods: Kidney volume was assessed by single-photon emission 
computed tomography (SPECT), GFR by inulin and RPF by PAH clearance. At 
baseline the patients mean age was 36 + I y with a duration of disease of 13 +/- ly. 
Results: HbAlC decreased from 8.5 +/- 0.3% to 7.6 +/- 0.2 (p=0.004I). Kidney 
volume decreased significantly between the first to second estimation (492 +/- 12 
ml to 415 +/- 9 ml p<0.0001). No change was observed in GFR or RPF from first 
to second measurement (110 +/- 2 ml/min to 112 +/- 2 ml/min, 624 +/- 16 ml/min 
to 650 +/- 18 ml/min). IGF-I absolute levels as well as age adjusted IGF-I SD-score 
were significantly decreased at second control compared to first control (152 +/- 7 
ug/1 vs 188 +/- 9 ug/1 pO.OOOi and -1,2 +/- 0,2 vs -0,9 +/- 0,2 p-0.0012, 
respectively). IGFBP-1 mean levels were 53 +/- 3 ug/1 at first control and 72 +/- 6 
ug/1 at second control. No correlations were found between IGF-I or IGFBP-1 on 
the one hand and kidney volume or renal function on the other hand. A negative 
correlation was found between diabetes duration and the change in kidney volume 
between the two visits (r=0.48, p=0.0067). 

Conclusion: Type I diabetics with over 10 years of duration show a decrease in 
kidney volume over 8 years despite an improved metabolic control and an 
unchanged GFR. IGF-I absolute levels and the age adjusted IGF-I (SD-score) 
decreased significantly during follow-up. 



A 35 


129 

Renoprolective Effects Of Losartan In Diabetic Nephropathy: Interaction with 
Angiotensin I Converting Enzy me Insertioa/Deletion genotype? 

S Andersen, L Tamow, P Rossing, T Juhl, J Deinum, H-H Parving. Steno Diabetes 
Center, Gentofte Denmark 

Background and Aims: Reduced renoprolective effect of Angiotensin I Converting 
Enzyme (ACE) inhibition has been documented in albuminuric diabetic patients 
homozygous for the deletion polymorphism of the ACE gene in whom serum ACE is 
elevated. To overcome this interaction we evaluated the short-term renoprolective 
effect in diabetic nephropathy of the angiotensin II receptor antagonist Losartan in 
diabetic patients homozygous for the insertion or the deletion allele. Material and 
Methods: Fifty-four hypertensive type I diabetic patients with diabetic nephropathy 
homozygous for the insertion (I) (n = 26) or the deletion (D) (n = 28) allele of the 
ACE/ID polymorphism were included. After four weeks of washout, a clinical trial 
with two treatment periods each lasting two months was performed. In the first period 
all patients received Losartan 50 mg daily, followed by 100 mg in the second period. 
Patients and investigators were blinded to ACE genotypes. At baseline and in the end 
of the treatment periods, albuminuria (ELISA), 24 hours blood pressure (TM2420 
A&D) and glomerular filtration rate (GFR) (51Cr-EDTA plasma clearance) were 
determined. Results: At baseline, albuminuria, systolic/diastolic blood pressure and 
GFR w ere similar in the two genotype groups, 13 vs DD: 1123 (821-1537) vs 1210 
(886-1655) (geometric mean (95 % Cl)) mg/24 hours, 156/82 (3/2Xmean (SE) vs 
153/80 (3/2) mm Hg and 86 (4) vs 88 (4) ml/min/I.73m2, respectively. As expected, 
concentration of ACE in serum was higher in the DD group compared to the II group, 
25 IU/1 (I) versus 17 (1) (mean (SE)), respectively (p < 0.05), and did not change 
during treatment. Both doses of Losartan significantly lowered albuminuria, systolic 
and diastolic blood pressure and GFR (p < 0.05 versus baseline). Losartan 100 mg 
was more effective than 50 mg in reducing albuminuria, 51 % (40-61) (95 % Cl) 
versus 33 % (23-42), respectively (p < 0 01). No differences in changes of variables 
between the II and DD groups were observed: Losartan 100 mg low ered albuminuria 
by 55 % (35-68) and 46 % (28-61), whereas systolic/diastolic blood pressure 
decreased by 12/6 and 10/4 mmHg in the II and DD group, respectively, NS. 
Conclusion: In contrast to previous studies with ACE inhibitors, our data suggest that 
Losartan has similar short-term renoprotective effects in albuminuric hypertensive 
type 1 diabetic patients with ACE II and DD genotypes. However, the long-term 
renoprotective effects remain to be evaluated. 
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THE ACE GENE I/D POLYMORPHISM IS ASSOCIATED WITH HIGHER 
MORTALITY IN MEN WITH HYPERTENSION AND TYPE 2 DIABETES 
Kristina Bengtsson, Ulf Lindblad, Maiju Orho-Melander, Olle Melander, Jonas 
Ranstam, Lennart RAstam, Leif Groop. Billingen Health Care Centre, Skdvde; 
The Department of Endocrinology, and The Department of Community' 
Medicine, Malmd University Hospital, Lund University’; The Skaraborg 
Institute, SkOvde and Malmfl University, Sweden. 

Background and aims: To study the impact of the ACE I/D polymorphism on 
the total mortality in patients with hypertension and type 2 diabetes mellitus. 
Patients and Methods: The insertion/deletion (I/D) polymorphism of the ACE 
gene was genolyped in 121 men and 124 women with type 2 diabetes and 
hypertension that participated in a community based study in primary care. 
Information on patient mortality after 7.5 years was obtained from the National 
Mortality Register in Sweden. The association between ACE I/D 
polymorphism and total mortality was analysed in both sexes with Cox's 
proportional hazards regression with age as a covariate. Results: Fifty men 
(41.3%) and 40 women (32.3%) had died. In men (RR 3.8 95% Cl 1.6-9.1, 
p<0.003), but not in women (RR 1.2 95% Cl 0.5-2.8), carriers of the DD 
genotype had a higher total mortality compared to carriers of the II genotype. 


Men with hypertension and type 2 diabetes 



Conclusions The DD genotype of the ACE gene is associated with a higher 
total mortality in men with hypertension and type 2 diabetes. 
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Renoprotective effect of dual blockade of the renin-angiotensin sy stem(RAS) in 
type 2 diabetic patients with diabetic nephropathy. 

K. Rossing, P.K. Christensen, B.R. Jensen, H-H. Parving. Steno Diabetes Center, 
Gentofte, Denmark. 

Background and Aims: Many patients with diabetic nephropathy (DN) have 
albuminuria>lg/day and blood pressure>135/85 mm Hg ("the resistant patient") 
despite antihypertensive combination therapy including the maximally recommended 
dose of ACE inhibitor (ACEi). We tested the concept that such patients might benefit 
from dual blockade of the renin-angiotensin system (RAS). 

Material and Methods: We performed a randomised double blind crossover study 
with 2 months treatment with Candesartan cilexctil 8 mg o.d. and placebo added on 
top of previous antihypertensivc treatment. We included 18 type 2 diabetic patients 
with DN resistant to conventional treatment as defined above. All received ACEi 
treatment, in addition 15 received diuretics, 10 a calcium channel antagonist and 3 a 
D-blocker. At the end of each treatment period w e measured glomerular filtration rate 
(GFR), 24-hour blood pressure, albuminuria and IgGuria. 

Results: Addition of Candesartan to usual antihypertensive therapy induced a mean 
(95% Cl) reduction in albuminuria of 25 (2 to 58) %, p=0.036 (geometric mean (95% 
Cl) from 1764(1225 to 2540) to 1334(890 to 1998) mg/24 h), a mean reduction in 
fractional clearance of albumin of 35 (9 to 53) %»p=<).016 and IgG of 32 (1 to 54) %, 
p=0.046, a reduction in 24-hour sy stolic blood pressure of 10 (2 to 18) mm Hg, 
p=0.019 (mean (SE) from 148(3) to 138(5) mm Hg) and a mean reduction in GFR of 
5 (0.1 to 9) ml/min/1.73m2, p=0.045. 

Conclusions: Dual blockade of the RAS is renoprotective and reduces blood pressure 
in type 2 diabetic patients with DN resistant to conventional antihypertensive 
treatment including maximally recommended doses of ACEi. 
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Long-term graft and patient sunival after renal transplantation in diabetic 
patients. 

V.R. Sorensen, S.S. Sorensen, J. Ladefoged, B. Feldt-Rasmussen. Department P of 
Nephrology, Copenhagen University Hospital, Rigshospitalet. 

Backgrounds and Aims: Diabetic patients in dialysis treatment have a high excess 
mortality compared with non-diabetic patients. In contrast, reports on outcome after 
renal transplantation have been conflicting. This may be due to the selection criteria's 
for patients receiving a kidney transplantation excluding patients with severe 
cardiovascular disease, thereby possibly matching diabetic and non-diabetic patients 
with respect to cardiovascular risk at the time of transplantation. Our aim was to study 
graft and patient survival in patients transplanted with a cadaver donor kidney. 

Materials and Methods: All patients transplanted at Rigshospitalet in the time period 
1990 to 1999. Patients were divided into two groups: Non-diabetic patients (n= 354) 
and diabetic patients (n=47). 

ResuIts:The two groups were similar with respect to age (years): 43±9 vs. 43±14 and 
sex (M/F (%): 66/34 vs. 66/34). First, 2nd, 3rd or more than 3rd transplantation (%): 
77 vs. 92,18 vs. 6, and 5 vs. 2. The outcome was as follows (non-diabetic vs. diabetic 
patients): Patient survival (%) at 1 year: 89 vs. 89, at 2 years: 85 vs. 87, at 5 years: 71 
vs. 68, at 6 years: 67 vs. 47, at 7 years: 63 vs. 37, at 8 years: 58 vs. 12. Graft survival 
when censoring for death with functioning graft (%); at 1 year 81 vs.80, at 2 years 79 
vs. 80, at 5 years 70 vs. 75, at 6 years 66 vs. 75, at 7 years 65 vs.75. 

Conclusions: The patient survival was similar in the two groups only for the first 4-5 
years after renal transplantation; hereafter survival was poor in the diabetic group. 
The graft survival (censored) was similar in non-diabetic and diabetic patients in the 
entire observation period. This is in favour of the hypothesis that the two groups had 
been similar with respect to the cardiovascular risk at the time of transplantation 
because of the selection criteria's used. The subsequent poor survival among diabetic 
patients could be due to the well-known rapid and almost malignant progression of 
cardiovascular disease in diabetic patients with nephropathy. 
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ADHERENCE TO ORAL HYPOGLYCAEMIC AGENTS IN TYPE 2 
DIABETES: IS THIS A PREDICTOR OF INSULIN REQUIREMENT? 
JMM Evans, PT Donnan and AD Morris for the DARTS/MEMO 
Collaboration, Ninewells Hospital and Medical School, Dundee, Scotland 
Background and Aims: Non-adherence is an important cause of poor 
metabolic control in diabetes. We investigated adherence to oral 
hypoglycaemic agents (OHA) in type 2 diabetes, and whether patients require 
insulin as a result of poor adherence to OILAs. Materials and Methods: The 
‘DARTS’ diabetes information system and the ‘MEMO* database of 17 
million drugs dispensed since 1993, for the population of Tayside, Scotland 
(400,000), were used. Patients aged 35+ years with type 2 diabetes who had 
180+ days of exclusive therapy with OHAs (sulphonylureas or metformin), in 
1993-1996, prior to insulin treatment were identified. The intended duration 
of every OHA prescription w as calculated from details on the prescription 
(total amount dispensed and drug regimen). Adherence was derived by 
dividing total intended duration of OHA therapy by time in study for each 
patient. It was compared between those who did and did not commence 
insulin therapy. Results: There were 2,537 patients on sulphonylureas (51% 
male, mean age 67 yrs). 262 commenced insulin. Mean adherence was 
93.7%. 63% of patients show ed adherence >= 90%. There was improved 
adherence in patients who did (mean 100.4%) compared with those who did 
not (mean 92.9%) commence insulin (p < 0.001). There were 1,519 patients 
on metformin (49% male, mean age 64 yrs). 169 commenced insulin. Mean 
adherence was 85.4%. 50% of patients had adherence >=90%. Mean 
adherence was 82.0% and 85.8% in patients who did and did not commence 
insulin (p = 0.124). In a logistic regression model, other predictors of insulin 
therapy were age, diabetes duration, co-prescribing of OHAs and time in 
study. Conclusions: Adherence to OHA in patients with type 2 diabetes is 
sub-optimal, but there is no evidence that patients require insulin as a result 
of poor adherence to OHAs. 
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Effects of rosiglitazone on insulin resistance in HIV infected patients under 

treatment with protease inhibitors 

AJanezI, J.Tomazicl, AL. Hevener2 and P.M. Sharma2 

1. University Medical Center Ljubljana, Slovenia. 2. Dept, of Medicine, University of 
California San Diego, USA. 

Background and Aims: HIV-1 protease inhibitor treatments are associated with a 
syndrome of lipodystrophy, hyperlipidaemia and insulin resistance. The aim of the 
study was to determine wheather reducing hyperinsulinaemia with rosiglitazone 
would improve the clinical profile in HIV patients under treatment with protease 
inhibitors. 

Materials and Methods: Patients were eligible for the study if they had impaired 
glucose tolerance (IGT) with insulin resistance, characterized by fasting insulin 
concentration greater then 20 mlU/ml. The patients were randomly assigned to 
receive 4mg qd rosiglitazone (rosiglitazone group, n=20) or no treatment (control 
group, n=20). Both groups matched for age, sex, BMl, duration of HIV infection, 
treatment and biochemical values. 

Results: After 2 months of tretamnet, the fasting insulin in our study group declined 
from 37.4+8.4 to 17.4+4.0 mlU/ml (p<0.01), the fasting glucose from 6.7+0.23 to 
4.3+0.08 mmol/l(p<0.05). This improvement in insulin secretion could be clearly 
shown when the sums of insulin concentrations after OGTT were compared: 322+22 
mlU/ml after treatment with rosiglitazone to 544+ 54mIU/ml before 
treatment(p<0.01). The mean serum triglyceride concentration dropped by 23% in 
rosiglitazone group. There were no changes in the study parameters in our control 
group. 

Conclusions: Rosiglitazone (4mg qd) was well tolerated in HIV patients under 
treatment with protease inhibitors. It improves the glycemic control and insulin 
resistance and significantly reduced scrum triglyceride concentration. It remains to be 
demonstrated wheather restoring insulin levels to normal in these patients will reduce 
the risk of coronary heart disease. 
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Repaglinide is well tolerated and effective in Type 2 diabetes complicated by renal 
impairment 

M Koselj, M. Gall, J. Sieber, M. Leyck Dieken and C. Hasshcher. University Medical 
Centre Ljubljana, Slovenia, Novo Nordisk, Bagsvaerd, Denmark, Novo Nordisk, Mainz, 
Germany, and St Josefskrankenhaus, Heidelberg, Germany. 

Background and Aims: Repaglinide is a novel insulin secretagogue characterised by a 
rapid onset and short duration of action, hepatic metabolism and biliary excretion. It 
therefore poses a theoretically low risk of hypoglycaemia in patients with renal disease, in 
contrast to long-acting, renally-excreted sulphonylureas. Materials and Methods: The 
safety and efficacy of prandial repaglinide was assessed in 281 patients with Type 2 
diabetes with or without renal impairment in a multinational, open-label trial. Patients 
were monitored on their existing antidiabetic medication during a 6-week run-in period, 
after which they switched to a repaglinide treatment phase (1-4 weeks' titration, 3-months' 
maintenance therapy), with 84% completing. Patients were stratified by creatinine 
clearance (CLCR) into the categories of: normal renal function (CLCR> 80 ml/min, n = 
151), mild renal impairment (CLCR: 60-80 ml/min, n = 64), moderate renal impairment 
(CLCR: 40-60 ml/min, n = 44), severe renal impairment (CLCR: 30-40 ml/min, n = 12) 
and extreme renal impairment (CLCR: 20-30 ml/min, n = 10). Results: In the nin-in 
period, the percentage of patients reporting hypoglycaemia correlated significantly with 
the severity of renal impairment (p = 0.007), but this pattern was not seen during 
repaglinide treatment (p = 0.074). There was no apparent difference in the type and 
severity of adverse events reported during the run-in and repaglinide treatment periods. 
The number of patients reporting adverse events did not relate significantly to renal status. 
There were no significant between-group differences in terms of the effect that repaglinide 
had on HbAlc, FBG, total cholesterol, HDL-cholestcrol and triglycerides, dycaemic 
control during repaglinide treatment was at least as good as that seen during previous 
antidiabetic medication: HbAlc remained unchanged in the normal, mild and moderate 
renal impairment groups, increased by 0.3±1.0% points in the severe renal impairment 
group and decreased by 0.6+0.5% points in the extreme renal impairment group. Only 
minor changes were detected in lipid profiles. Patients with severe and extreme renal 
impairment tended to require lower final doses of repaglinide to reach glycaemic targets 
compared to patients with less severely impaired or normal renal function (p = 0.032). 
Conclusions: Repaglinide is well tolerated and effective in patients with Type 2 diabetes 
complicated by renal impairment When titrated carefully, it is a suitable treatment choice, 
even for those with severe degrees of impairment 


136 

EVIDENCE OF A POTENT ANTI-INFLAMMATORY EFFECT OF 
ROSIGLITAZONE IN MONONUCLEAR CELLS 

P. Dandona, P. Mobanty, A. Aljada, H. Ghanira, D. Tripathy, T. Syed, and D. 
Hofmeyer. Diabetes-Endocrinology Center of Western New York, Kaleida Health 
and State University of New York at Buffalo, Buffalo, New York. 

Background and Aims: We have recently demonstrated a potent anti-inflammatory 
effect of troglitazone, a peroxisome proliferator-activated receptor y (PPARy) agonist 
with some PPARa activity. We have now investigated a similar effect of 
rosiglitazone, a specific PPARy agonist. 

Materials and Methods: Eleven non-diabetic obese patients were given rosiglitazone 
4 mg daily for 6 weeks. Fasting blood samples were obtained at 0, 1, 2, 4, 6 and 12 
weeks (6 weeks after cessation of the drug). Generation of reactive oxygen species 
(ROS) and expression of the p47 phox subunit of NADPH oxidase were measured in 
mononuclear cells by chemiluminescence and western blotting, respectively. Levels 
of monocyte chemoattractant protein 1 (MCP-1) and C-reactive peptide (CRP) were 
measured by ELISA Nuclear factor kB (NFkB) was measured in nuclear extracts by 
electrophoretic mobility shift assay (EMSA). Post-ischaemic flow mediated brachial 
arterial dilatation was measured by a Hewlett-Packard Ultrasonograph by standard 
techniques. 

Results: Blood glucose levels did not change. Brachial arterial reactivity as reflected 
in post-ischaemic flow mediated dilatation increased from 4% to 10% ^<0.01) at 6 
weeks. NFkB diminished significantly at 1 week and remained low for 6 weeks. 
There was a significant fall in ROS generation (by 40% from basal level at 6 weeks; 
p<0.05), and a reduction in p47 ph °* subunit expression (by 25% from basal level at 6 
weeks; /?<0.003). There was also a fall in serum CRP by 30% (p< 0.002) and MCP-I 
by 15% (p<G.0A) at 6 w eeks. All indices returned tow ard the baseline at 12 weeks. 
Conclusions: We conclude that rosiglitazone exerts a profound suppression of NFxB- 
mediated ROS generation. This anti-inflammatory effect is reflected at the cellular 
and molecular level and in plasma. It also improves vascular reactivity. These 
observations may have implications for atherogenesis in the long-term. 
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EFFECT OF ROSIGLITAZONE ON FFA AND GLUCOSE METABOLISM 
IN TYPE 2 DIABETIC PATIENTS 

Y. Miyazaki, L. Glass, C. Triplitt, M. Matsuda, K. Cusi, L.J. Mandarine, and R.A. 
DeFronzo, University of Texas Health Science Center, San Antonio, Texas, USA 
Background and Aims: The mechanism of action of thiazolidinediones (TZD) 
remains unknown. The present study provides evidence that improved glucose 
homeostasis following rosiglitazone is related to the TZD's beneficial effect on FFA 
metabolism. Materials and Methods: 29 diet-treated T2DM patients (age=56±2 
y; BMI=30.0±0.7 kg/m 2 , M/F=I6/13) randomly (double blind) were assigned to 
receive rosiglitazone (8 mg/day) or placebo for 12 wks. Before and after 12 wks, 
subjects received a 75g OGTT and 2-step eualycemic insulin (infusion rates=40 and 
160 mU/m 2 *min) clamp with 3 H-glucose, ,r C- Dalmitate and indirect calorimetry. 
Fat mass and FFM were determined with 3 H 2 0. Results: After 12-wks, 
rosiglitazone decreased FPG (195±11 to 150±7 mg/dl, p<0.01), mean PG during 
OGTT (293±12 to 236±9 mg/dl, p<0.01), and HbA, c (8.7±0.4 to 7.4±0.3 %, p<0.0l) 
without change in fasting or OGTT-stimulated plasma insulin cone. Basal 
endogenous glucose production (EGP) decreased (3.3±0.1 to 2.9±0.1 mg/kg 
FFM min, P<0.05) and whole body glucose metabolic clearance rate during the l* 1 
and 2 nd insulin clamp steps increased after rosiglitazone (l* , MCR: 2.8±0.2 to 
3.5±0.2 ml/kg FFM-min, p<0.0l; 2 nd MCR: 6.7±0.6 to 9.2±0.8 ml/kg FFM min, 
p<0.05), despite increases in body weight (86±4 to 90±4 kg, p<0.01) and fat mass 
(33±3 to 37±3 kg, p<0.01). Fasting plasma FFA (735±52 to 579±49 pEq/1, p<0.0l), 
mean plasma FFA during OGTT (56I±33 to 424±35 pEq/1, P<0.01), and basal FFA 
turnover rate (I8.3±1.5 to 15.5±L2 pEq/kg FM-min, p<0.05) decreased. No 
changes in fasting or post-OGTT PG, insulin, or FFA concentrations, basal EGP, 
glucose MCR or FFA turnover rate occurred in the placebo group. The decrease in 
FPG after rosiglitazone correlated with the change in basal EGP (r=0.54), l s, MCR 
(r=-0.66), 2" a MCR (r=-0.49), fasting FFA (r=0.53), and mean FFA during OGTT 
(r=0.66) (all p<0.01). The decrease in mean PG cone during OGTT correlated w ith 
the decrease in basal EGP (r=0.58), I “EGP (r-0.41), f'MCR (r=-0.68), 2" a MCR 
(r=-0.54), fasting FFA (r=0.49), and mean FFA during OGTT (r=0.66) (all p<0.0l). 
Conclusion: Rosiglitazone increases hepatic and peripheral tissue (muscle) 
sensitivity to insulin and decreases FFA turnover despite an increase in body fat 
mass. The close correlation between the improvement in FFA metabolism and 
parameters of glucose homeostasis suggests that rosiglitazone’s beneficial effects on 
glycemic control are, in part, mediated by the TZD’s effect on fat metabolism. 
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Linkage analysis in the Diabetes (UK) Warren 2 sibpair repository supports 
localisation of a type 2 diabetes susceptibility gene to chromosome lq21-24. 

M I. McCarthy, A.T. Hattersley, M. Walker, G.A. Hitman, J C. Levy, S (TRahilly, 

G.M. Lathrop, N. Simecek, M. Wishart, R. Dhillon, C. Fletcher, T.M. Frayling, A. 
Bennett, C. Groves, D. Smedley, S. Menzel, S. Wiltshire. Imperial College, London; 

Exeter University; Newcastle University; Queen Mary College, London; Cambridge 
University, Radcliffe Infirmary and Wellcome Trust Centre for Human Genetics, 
Oxford, UK. 

Background and Aims: The major objectives of the consortium have been to ascertain 
and analyse large clinical resources and apply these to aid identification of the main 
susceptibility variants underlying type 2 diabetes in the UK. One focus has been the 
completion of a lOcM genome scan using a large affected sibpair resource. 

Material and Methods: Genome-wide data are now available for 627 paternity-confirmed 
sibships (equivalent to 815 affected sibpairs), all of British/Irish origin. Mean (SD) ages of 
diagnosis in 716 male and 622 female affected sibs were 55.2(8.6) and 55.9(8.8)y 
respectively: mean BMIs were 27.8(4.3) and 29.9(5.7) kgm-2. These pedigrees have been 
typed for 418 autosomal microsatellite markers, and, following extensive error-checking, 
genotypes were submitted to non-parametric linkage analysis using GENEHUNTER- 
PLUS and ALLEGRO. Results: Based on these data (before any stratification), promising 
regions meriting detailed further investigation (LODs>1.2) were identified on chrs Iq, 5q, 

7p, 8p (LOD=2.55), 8q and lOq (LOD=1.98), several of which coincide with regions 
identified in other datasets. Of particular note is evidence for excess allele-sharing on 
lq2l-24 (LOD=1.50, p=0.004) which coincides with, and replicates, linkages previously 
highlighted in a number of other ethnic groups (Pima, Amish, Utah Mormon, French). 
Evidence for linkage in this region has been enhanced in our data by (a) a rise in LOD to 
1.98 (p=0.001) after typing additional microsatellites (to —3cM density); (b) an increase in 
LOD to 2.38 in early-onset pedigree subsets; (c) evidence for interaction with loci on 5p 
and lOq (LODs > 3.0; p=0.02 for interaction). Draft genome sequence for the —20cM 
region has been assembled and mined using GANESH (in-house genome annotation 
package) to identify -133 known genes including several strong candidates eg RXRG, 
LMNA, KCNJ9) and >9500 SNPs that are substrates for ongoing linkage disequilibrium 
studies. Conclusions: We conclude that these data from the UK genome scan add to the 
growing weight of evidence that a type 2 diabetes susceptibility locus of worldwide 
significance maps to the Iq21-24 region and that available genome resources should 
expedite discovery of the aetiologica! variant. 
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EFFECTS OF PIOGLITAZONE ON HDL-CHOLESTEROL LEVELS ARE 
INDEPENDENT OF CHANGES IN TRIGLYCERIDE 
J Tobian/ J Pinaire/ A Zagar/ S Zheng/ KB Glazer/ and M Prince 1 for the 
Pioglitazone Study 012 Group. *Eli Lilly and Co., Indianapolis, IN USA and 
J Takeda Pharmaceuticals North America, Inc., Lincolnshire, IL USA 
Background and Aims: Pioglitazone HC1 (PIO), a thiazolidinedione antidiabetic 
agent, improves the high triglyceride (TG) and low HDL-cholesterol (HDL-C) 
levels characteristic of insulin resistance and type 2 diabetes. To examine whether 
PlO-mediated increases in HDL-C occur independently of PlO-mediated decreases 
in TG, we evaluated the correlation (r } ) between the observed changes in HDL-C 
and TG levels in placebo- and PlO-treated patients with type 2 diabetes. Materials 
and Methods: Patients (n=260) entered a 6-week washout period (no antidiabetic 
drugs) and were then randomized to either placebo or a forced titration of 7.5/15/30 
mg PIO or 15/30/45 mg PIO once daily for 16 weeks in a multicenter, double¬ 
blind, placebo-controlled study. Results: As expected, PIO therapy produced 
beneficial changes in bothTG and HDL-C levels. PlO-treatment (15/30/45 mg 
PIO) resulted in an average -12.4±4.79% decrease in TG levels compared with a 
1.3+4.78% increase (p=0.0454) in the placebo group; IIDL-C levels were increased 
an average 13.1 ±2.30% with 15/30/45 mg PIO compared with a 4.3±2.32% 
increase (p<0.05) in the placebo group. While a statistically significant negative 
correlation between changes in HDL-C and TG levels was observed in the placebo 
group (r,—0.23, p<0.05), increases in HDL-C levels did not significantly correlate 
with decreases in TG levels with PIO treatment: 7.5/15/30 mg PIO (r,=-0.20) and 
15/30/45 mg PIO (r,—0.15). With PIO treatment groups combined, the median 
decrease in TG levels was -34 mg/dL. The HDL-C response to PIO was compared 
in patients whose TG response was greater vs less than this value. The percent 
change in HDL-C was similar in the two groups, I2.71±2.33% vs 12.27±2.19% 
(p=0.8937), respectively. Conclusions: Overall, these results suggest that PIO may 
improve HDL-C levels independent its effects on TG. 
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GENOME-WIDE SEARCH FOR TYPE2 DIABETES SUSCEPTIBILITY 

GENES IN JAPANESE AFFECTED SIBPAIRS 

Y. Mori I, S. Otabel, C. Dinal, K. Yasuda2, C. Lecoeurl, K. Hara2, 

K. Tobe2, P. Boutinl, T. Kadowaki2 and P. FrogueIl,3 . 

1 Institute of Biology-CNRS 8090, Institut Pasteur de Lille, Lille, France, 
2Department of Metabolic Diseases, University of Tokyo, Tokyo, Japan, 3Barts and 
The London Genome Centre, London, UK 

Background and Aims: The genetic background which predisposes to type2 diabetes 
in the Japanese population is largely unknown. To search for major susceptibility loci, 
we conducted a 10-cM genome scan for type 2 diabetes traits. 

Materials and Methods: A total of 359 individuals of Japanese origin were 
ascertained in Japan from 158 families, including 229 affected sibpairs. In 202 males, 
mean age at diagnosis was 45.9±9.7 yrs and maximal BMI was 26.4±3.0 kg.m-2. In 
157 females, mean age at diagnosis was 48.3±II.l yrs and maximal BNfl was 
27.4±3.8 kg.m-2. Fluorescent microsatellite marker set (ABI Linkage Mapping Set 
version2, MD10) was used for the primary lOcM scan. Additional 33 markers were 
typed for 13 candidate genes, mainly transcription factors. Non-parametric multipoint 
linkage analyses were performed by MLBGH1.0 and MAPMAKER-SIB2.0. 

Results : Multipoint analyses showed 6 potentially interesting regions, in Ip36-p32 
(MLS = 1.65, MLB = 1.44), 3q26-q27 (MLS = 1.25, MLB = 1.20), 7p22-p21 (MLS - 
1.80, MLB = 1.50), 1 Ipl4-pl3 (MLS = 1.80, MLB = 1.75), 15ql3-ql5 (MLS = 2.10, 
MLB = 1.40) and 20ql2-ql3 (NILS = 1.81, MLB = 1.57). In the subset analysis in 
young-onset 36 families, in which both sibs of pair developed type2 diabetes before 
45 yrs, we observed a suggestive linkage in 15ql3-ql5 (MLS-unweighed = 3.62, p = 
0.00005, MLS-weighed = 2.49, p = 0.00068, MLB = 2.62, p = 0.00026). 
Conc!usions:These genome scan results suggest that there may be several candidate 
loci conferring susceptibility for type 2 diabetes in the Japanese population. 
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META-ANALYSIS OF EUROPEAN GENOME SCANS TO IDENTIFY 
PRIMARY REGIONS LINKED TO TYPE 2 DIABETES. 

F. Demenais and T. Kanninen for the European GIFT Consortium. 
INSERM EMI 00-06, Evry, France and BioComputing Ltd, Helsinki, 
Finland. 

Background and Aims: Genome screens have proved useful to indicate 
chromosomal regions that may contain susceptibility genes for complex 
diseases, such as Type 2 Diabetes. However, significant results from one 
study are not often confirmed by other studies. Our goal was to perform a 
meta-analysis of four genome scans conducted in European populations in 
order to assess evidence for linkage across studies and to identify primary 
regions of interest to be further explored towards gene identification. 
Materials and Methods: Linkage analysis results from four genome 
screens carried out in 573 British and 143 French nuclear families and in 
two pedigree samples of Swedish-Finnish origin (58 Botnia I and 338 
Botnia II pedigrees) were put together in our GIFT Consortium data base. 
A meta-analysis of these scans was performed using the genome search 
meta-analysis (GSMA) method. This method is a non-parametric ranking 
method which ranks lod scores (or other) statistics within each scan and 
then compares ranks for a genetic region across the searches. It can thus 
identify the regions that show consistently increased statistics for linkage. 
Results and Conclusions: The strongest evidence for linkage given by 
the GSMA occurs on chromosome 17 (p = 0.0015). Other significant 
regions which may harbour Type 2 Diabetes genes were found on 
chromosome 2 (p - 0.03), 6 (p = 0.04), 12 (p = 0.04) and 16 (p = 0.04). 
Borderline significant results were also observed on chromosomes 7 and 
10. Linkage analyses of pooled raw data will be further carried out in 
these regions to assess the values and locations of the peak statistics 
before undertaking fine mapping. 
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LOSS OF ABILITY TO UPREGULATE CALPAIN-10 EXPRESSION IN 
MUSCLE AFTER 24-HOUR INTRALIPID INFUSION IN SUBJECTS WITH IGT 
E. Carlsson*, H. Storgaard*, C.B. Jensen*. S. Madsbad*. A. Vaag 1 , L. Groop* and M. 
Ridderstrile*. 'Department of Endocrinology, Malmft University Hospital, Lund 
University. Sweden, *Hvidovre Hospital. Copenhagen, Denmark and *Steno Diabetes 
Center, Gentofte, Denmark. 

Background and Aims: The gene for Calpain 10 has been identified as a candidate 
gene for type 2 diabetes and the levels of Calpain 10 mRNA in muscle have been 
found to be lower in type 2 diabetics compared to controls. The aim of this study 
was to investigate the possible role of Calpain 10 and another member of this group 
of proteases, Calpain 3, in the prediabetic state of impaired glucose tolerance. 
Materials and Methods: Calpain 3 and -10 mRNA levels were semi-quantified in 
total RNA from muscle biopsies using Real-time RT-PCR with cyclophilin as an 
internal standard. Biopsies were obtained from subjects with either normal (NGT, 
n=8) or impaired glucose tolerance (IGT, n=6) before and after a euglycemic 
hyperinsulinemic clamp with prior infusion of Intralipid for 0, 2 and 24 hours. The 
subjects were matched for sex, age (53±2 vs 57±2) and BMI (32.7±1.4 vs 31.8±1.4) 
(NGT vs IGT; mean±SEM; Mann-Whitney for comparisons between and Wilcoxon 
within the groups). Results: There were no significant differences between the 
groups in basal or post-clamp Calpain 3 (2.2±0.8 vs I.Q±0.4; p=0.3 and 2.6±1.6 vs 
1.1 ±0.4; p=0.9) or Calpain 10 (4.3H.8 vs 1.6±0.5; p=0.5 and 3.8±1.3 vs 1.8±0.5; 
p=0.2) mRNA levels. Insulin had no significant effect on Calpain 3 or Calpain 10 
mRNA levels in either group before Intralipid infusion. However, after the 24-hour 
lipid infusion the muscle Calpain 10 mRNA content increased significantly in the 
NGT (from 2.4±1.0 to 7.5±2.4; p=0.043) but not in the IGT group (from 4.7±2.6 to 
3.6±1.6; p=0.9). Finally, in a multiple regression analysis adjusting for BMI there 
was a negative correlation between the fasting insulin levels of both groups and the 
levels of Calpain 10 mRNA post-clamp after the 24-hour lipid infusion (p=0.0017, 
R J =0.71). Conclusions: Prolonged exposure of muscle to elevated FFA levels seems 
to upregulatc the expression of Calpain 10 in response to insulin in subjects with 
NGT. This ability is lost in patients with IGT. The question arises whether increased 
insulin-stimulated Calpain expression in muscle represents a protection against 
insulin resistance and IGT. 
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Genetic Variation of CAPNI0 affects Susceptibility to Type 2 Diabetes in 
German and Czech Population 

Peter EH Schwarz (1,3), Y. Horikawa (3), Josef Vcelak (2), Thomas Selisko (1), 
Hannes Rietzsch (I), Bela Bendlova (2), Jan Schulze (1) Nancy Cox (3) 

(1) TU-Dresden, Medical Clinic. Ill, (2) National Institute of Endocrinology, Prague, 
(3) Howard Hughes Medical Institute, University of Chicago 

Background and Aims: A genome-wide screen for type 2 diabetes genes in Mexican 
Americans localized a susceptibility gene, NIDDM1, on chromosome 2. Recently 
CAPN10, a gene in theNIDDMl region encoding a non-lysosomal cysteine protease, 
was associated with both type 2 diabetes and the evidence for linkage. Haplotype 
combinations including intronic SNPs in CAPN10 are associated with altered mRNA 
expression, increased risk for type 2 diabetes in multiple racial/ethnic groups, and 
measures of insulin resistance in non-diabetic subjects. Materials and Methods: We 
investigated the effect of 4 variants (UCSNP-44, -43, -19, and -63) of the calpain 10 
gene in 615 type 2 diabetic patients and 244 random controls from German and Czech 
population. Genotyping was done with common PCR-, Sequencing and ARMS 
methods. Type 2 diabetes risk (OR) and population attributable risk (PAR) were 
calculated. Results: The number of subjects, mean age and BMI were for German 
pt./contr. 291/88, 61.8±11.3/50 8± 11.9 years and 24.9±4.4/28.7±4.8kg/ra2 and for 
Czech pt./contr. 324/156, 58.5±7.4/18.1±2.3 years and 30.1 ±5.3/24.3±4.0 kg/m2. The 
112 haplotype was in German pt./contr. 0.06/0.02 and Czech pt./contr 0.08/0.06 
population less frequent than in Mexico American ptVcontr 0.23/0.23 population. The 
haplotype combination 112/121 is associated with increased type-2-diabetes risk (OR 
germ/czVcomb. 4.98/2.80/3.36 -95% Cl 0.65-38.0/0.80-9.72/1.18-9.60) with PAR 
(germ./cz./comb) 0.04/0.03/0.05. In the combined German/Czech group carrier of the 
rare allele at UCSNP-44 (T504A) (frO.ll) in combination with the risk allele at 
UCSNP-43 showed a trend to a generally increased diabetes risk (2.98 -95% Cl 0.35- 
22.2). Conclusions: The haplotype 112/121 is less common in European than in 
Mexican American population but caries a approximate 3-4fold increased type-2- 
diabetes risk. The rare allele at UCSNP-44 (T504A) is a common Caucasian variant 
and associated with increased type-2-diabetes risk. Together this two variants may 
count for an 5%-10% proportion of diabetes risk in Caucasian diabetic population. 
We conclude that variation in the calpain 10 gene appears to affect type-2-diabetes 
susceptibility in Caucasian population. 
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ASSOCIATION OF APMI (ADIPONECTIN) GENE SNPs WITH TYPE 2 
DIABETES AND CHD LN FRENCH POPULATIONS. 

F. Vasseur, C. Lacquemant, Ph. Boutin, C. Dina, S. Dupont, B. Guy-Grand, and Ph. 
Froguel, UPRES A 8090, Institut of Biology, Lille, France. 

Background and Aims: Adipose tissue is known to secrete proteins implicated in the 
development of diabetes, obesity and their vascular complications. Our genomewide 
searches for susceptibility genes to type 2 diabetes (T2DM) and to coronary heart 
disease (CHD) revealed linkages at chromosome 3q27. In this region is located the 
APMI gene encoding ACRP30-adiponectin, an adipocyte secreted protein. Low 
levels of plasma adiponectin were observ ed in CHD patients with obesity or T2DM. 
Administration of adiponectin protects high fat diet mice from obesity and rescues 
lipoatrophic mice from severe insulin resistance. Adiponectin may also modulate 
inflammation by inhibiting vascular smooth muscle cells proliferation and adhesion 
molecules expression. APMI is therefore a good candidate for the metabolic 
abnormalities associated with T2DM and obesity and for CHD in the context of 
insulin resistance syndrome. 

Material aud Methods: we screened 16kb of the gene by direct sequencing in 40 
T2DM patients. To perform association studies every detected SNPs were genotyped 
in 384 obese patients, 310 probands from T2DM families, 189 T2DM patients with or 
without CHD, 223 non diabetic subjects of diabetic families, and in 377 non obese 
non diabetic control subjects. 

Results: Screening the gene revealed 11 SNPs. A significant association was 
observed between the SNP A-C in intron 1 and the diabetes status in obese patients 
(p^0.009, OR=3). In the same obese population, two additionnal SNPs G-C and G-A 
located in promoter region also displayed a trend toward association with diabetic 
status. In the group of T2DM patients phenotyped for CHD, we detected under a 
dominant model an association between CHD and two SNPs: T-G in exon 2 (p=0.029, 
OR=2.2) and A-G in intron 2 (p=O.019, OR=2.3). 

Conclusion: These data suggest a role of ACRP30/adiponectin in the genetic risk for 
T2DM especially in obese subjects. Moreover, polymorphims in APM1/ACRP30 
gene may modulate the risk for CHD in T2DM. ACRP30/adiponectin may be a fat- 
induced metabolic link between obesity and T2DM, which may be in part genetically 
inherited. 
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Endothelial Nitric Oxide Synthase and Vitamin D Receptor Polymorphisms Predict 
Risk for Severe Diabetic Retinopathy. 

MJ. Tavern a, A. Sola, N. Pacher, F. Bruzzo, C. Guyot, G. Slama, G. Reach and J.L. 
Selara INSERM U.341, DepL ofDiabetology, Hotel-Dieu Hospital of Paris, France. 
Background and Aims: the loss of pericytes precedes the development of diabetic- 
retinopathy (DR), in part by oxidative stress, probably by over production of nitric oxide 
(NO).The eNOS4 polymorphism of the endothelial nitric oxide synthase (eNOS) has been 
associated with diabetic nephropathy,but not DR.The vitamin D (VD) has antioxidant and 
andangiogenic properties.Vitamin D receptor (VDR) polymorphisms were associated with 
type 1 diabetes but have never been studied in patients with DR.To examine whether VDR 
(Taq I) and eNOS4 polymorphisms are involved in the development of severe DR a case- 
control study was performed. Materials and Methods: 200 unrelated French type 1 
diabetic patients of long duration, were randomly selected from a group of 1000 patients 
(M/F:103/97, age:44.4±I2.4, diabetes duradon:27.7±10>rs, BML24.3+3.4, HbAlc: 
8.6±1.3%).eNOS4 was analysed by PCR,and Taq 1 restriction by PCR followed by 
digestion with Taq LDR was assessed by retinal angiography and classified as presence 
(n=I01) or absence (n=99) of severe (proliferative or preproliferative) DR. Results: 
l)eNOS4: genotype distribution was eNO$4b/b 72%, eNOS4b/a 24.5% and eNOS4a/a 
3.5%.Frequency of eNOS4a/a homozygous deletion was significantly different in patients 
with severe DR (0%) when compared with controls (7.1%,OR=0 [95%CI 0 5- 
0.74],p=O.02).eNOS4b/b was more frequent in patients with severe DR (79.2%) when 
compared with controls (64.6%,OR~2.1 [95%CI 1.1-4.12} ,p=0.032).Frequency of 
eNOS4b/a was not different between the study (20.8%) and control groups (28.2%, 
OR=0.7,p=0.2).The allelic frequencies between the study and control groups were 
different (4b;89.6 vs. 78.8%,OR=2.3 ]95%CI 1.27-4.25], p=0.005; 4+10.4 vs. 21.2%, 
OR=0.4 (95%CI 0.24-0.79], p-0.005). 2)VDR (Taq I): genotype distribution was TT 
34.5%,Tt 51% and tt 14.5%.Frcquency of TT was significantly lower in patients with 
severe DR (26.7%) when compared with controls (42.4%, OR=0.5 [95%CI 0.26-0.94], 
p=0 02). Frequencies of Tt,tt and its alleles were not different between the study and 
control groups (Tt:57.4 vs. 44.4%, OR=1.7,p=0 09; tt:15 8 vs. 13.1%, OR=1.3, p-O.7; 
T:55.4 vs. 64.6%, OR=0.7, p=0.07; t:44.6 vs. 35.4%, OR=1.5,p=O.07). Conclusions: we 
demosntrate for the first time, in type 1 diabetic patients, that l)eNOS4a / a homozygous 
deletion is associated with low risk for severe DR, 2)eNOS4b/b is associated with high 
risk for severe DR, and 3)TT of Taq I polymorphism of the VDR is associated with low 
risk for severe DR. 
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EXTRACELLULAR MATRIX GLYCATION IMPAIRS PERICYTE 
ADHESION AND REPLICATION. 

E. Beltramo, F. Pomero, A. Allione, F. D'Alu, E. Ponte and M. Porta. Department of 
Internal Medicine, University of Turin, Turin, Italy. 

Background and Aims: Capillary pericytes contribute to synthesize the basement 
membrane together with endothelium and are selectively lost in diabetic retinopathy. We 
reported previously that pericytes from bovine retinal capillaries (BRP) seeded on 
extracellular matrix (ECM) obtained from HUVEC grown in high glucose (G) 
concentrations are less numerous than those grown on ECM produced in normal G. This 
study aimed at verifying the mechanisms of this finding Materials and Methods: 
Conditioned ECMs were obtained by growing HUVEC in media with 5.6 or 28 mmol/1 D- 
G, L-G or D-gaiactose (D-gal) up to 28 mmol/1, and 28 mmol/1 D-G +150 pmol/I 
thiamine (T) or 7 mmol/1 aminoguanidine (AG). After 7 days, HUVEC were lysed and 
ECM fixed by NH40IL BRP were cultured in normal G on these conditioned ECMs or on 
plates coated overnight with laminin, fibronectin and type IV collagen 10, 25 or 50 pg/ml. 
Cells were counted after 1 (to measure adhesion) or 7 days (replication). Cell proliferation 
(MTT method) and DNA synthesis (BrdU incorporation) w’ere measured after 2 and 7 
days. Results are expressed as percentages of BRP grown on ECM obtained in normal G. 
Results: BRP counts on ECM produced by HUVEC in high D-G (81.9+7.5% of control, 
p=0.000, day 1, 76.8+8.8%, p =0.000 day 7) and D-gal (87.3+9.5, p=0.004 day 1, 
86.0+18.0, p =0.036 day 7) were lower than in normal D-G; L-G counts were lower at day 
1 (90.749.1, p=O.015), but not at day 7 (96.4+31.3. NS). Both AG (103.6+8.4, p=0.000 vs 
high D-G, day 1,96.6+14.7, p=0.003, day 7) and T (100.9+8 0, p=0.002 vs high D-G, day 
1,92.2+21.3, p=<).04 day 7) corrected this defect MTT and BrdU assays showed a similar 
pattern. Type IV collagen in normal G did not modify BRP adhesion, while reducing 
counts at day 7 to 73.1+17.2% (p=0.012) at 10 pg/ml and 53.0*18.8% (p=0.002) at 50 
pg/ml. In high D-G, at day 7, collagen further impaired BRP counts, both at 10 pg/ml 
(54.2+15.6% vs 71.0+8.0% in high D-G alone, p=0.001 vs normal G, p^.021 vs high D- 
G) and 50 pg/ml (44.6+10.5, p=0.000 vs normal and high D-G). Fibronectin and laminin 
did not influence BRP counts at day 7 in either concentration, whilst at day 1 fibronectin 
in normal G increased BRP adhesion, both at 10 pg/ml (123.6+15.8%, p=0.015) and at 50 
pg/ml (114.3+10.7, p-0.022) Conclusions: ECM produced by HUVEC in high D-G, L-G 
or D-gal is less supportive of BRP adhesion and replication. Excess protein glycation, 
corrected by AG and thiamine, may be involved, while overproduction of type IV collagen 
may contribute to impaired BRP replication. Such mechanisms might play a role in 
pericyte loss in diabetic retinopathy. 
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High Glucose-Induced Conneiin-43 Down regulation Inhibits Gap Junction 
Intercellular Communication in Rat Microvascular Endothelial Cells. 

S. Roy, T. Sato and R. Haimovici. Department of Ophthalmology, Boston University 
School of Medicine, Boston, USA 

Background and Aims: Connexins are gap junction proteins that are specialized 
membrane components involved in direct exchange of ions and small metabolites 
between cells allowing maintenance of tissue homeostasis. Since hyperglycemia 
results in disturbed vascular homeostasis, we investigated whether high glucose alters 
expression of gap junction protein, connexin-43 (Cx43), and affects gap junction 
intercellular communication (GJIC) activity. 

Materials and Methods: In rat microvascular endothelial (RME) cells grown for 9 
days in normal (5mM) or high (30mM) glucose medium, Cx43 localization, protein 
level and phosphorylation was analyzed using immunofluorescence microscopy. 
Western blot and immunoblot analysis after treatment of cell lysate with alkaline 
phosphatase. GJIC activity was determined by scrape load dye transfer (SLOT) 
technique. 

Results: Immunofluorescence microscopy revealed Cx43 localization at sites of 
contact (plaques) between adjacent RME cells. Cells grown in high glucose medium 
exhibited reduced intensity of Cx43 immunofluorescence and reduced plaque count 
(63+6% of control, P=0.009) compared to cells grown in normal medium. 
Immunoblot analysis of RME cell lysates yielded three Cx43 forms corresponding to 
a nonphosphorylated form P0 (43kD) and twx> phosphorylated forms PI and P2 (48, 
and 49kD, respectively). All three forms showed reduced expression under high 
glucose condition (73+15% of control, P=0.04, 57+16% of control, P=0.01; and 
42+22% of control, P=0.006, respectively). The ability of cells to transfer Lucifer 
yellow through gap junctions was reduced under high glucose condition (3.9+0.6 vs 
6.5+1.0, p<0.01, n=5). The reduced GJIC activity showed a strong correlation with 
the downregulation of Cx43 expression in high glucose cells (r=0.9). 

Conclusions: Findings from this study indicate that high glucose-induced inhibition 
of Cx43 expression reduces GJIC activity in microvascular endothelial cells. 
Maintenance of the homeostatic balance through gap junction may be disturbed by 
high glucose condition resulting in endothelial cell dysfunction in diabetic 
microangiopathy. 
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Benfotiamin prevents the consequences of hyperglycemia-induced mitochondrial 
overproduction of reactive oxygen species, and experimental diabetic retinopathy 
R Bergfeld, T Matsumara, X Du, and M Brownlee; University Hospital Mannheim, University 
of Heidelberg, German, Justus-Licbig-Univcrsity Giessen, Germany, and Albert-Einstein 
College of Medicine, New York, USA 

Background and Aims: Vascular complications are the main cause of morbidity and mortality 
in diabetes mellitus. Four seemingly independent biochemical pathways are involved in the 
pathogenesis: glucose-induced activation of protein kinase C (PKC) isoforms, increased 
formation of glucosc-dcrivcd advanced glycation end products; increased glucose flux through 
the aldose reductase pathway, and increased flax through the hexosamine pathway. 
Hyperglycemia increases reactive oxygen species (ROS) production inside cultured bovine 
aortic endothelial cells. ROS activate aldose reductase, activate PKC, induce advanced 
glycation end product formation, activate the hexosamine pathway, and activate the plciotropic 
transcription factor nuclear factor-kappa B (NFkB). The thiamine prodrug benfotiamia inhibits 
the formation of AGEs in target tissues of diabetic microangiopathy. Materials and Methods: 
Using bovine aortic endothelial cells, wc studied the effect of benfotiamin on intracellular 
AGE-formation, flax through the hexosamine pathway, activation of protein kinase C, and 
activation of NFkB. Bcnfotiaminc was added to cells in high glucose media at a final 
concentration of 50 pM. Media was changed daily for 7 days. AGE-formation w as determined 
by dot blot technique, and complexes were visualized using an ECF kit (Amersham). Cell 
extracts were analysed on an HPLC system as described prev iously (PNAS 2000 97:12222- 
12226). For NFkB determination cells were incubated in low glucose, high glucose, high 
glucose + benfotiamine for 6 hrs. NFkB was determined by a fluorescence in situ DNA-protein 
binding assay and fluorescence /cell was determined using Scanalytics. PKC assay was 
performed after cells were incubated for 7 days as described above. The cells were analysed 
using a PKC assay sy stem from Life Technologies. Additionally, diabetic rats (i.v. injection of 
streptozotocin 65 mg/kg body weight) were treated with benfotiamin (80 mg/kg weight) for 36 
weeks, and diabetic retinopathy was assessed using quantitative retinal analysis of digest 
preparations for the development of acellular capillaries. Agc-maiched non-diabetic and 
untreated diabetic rats served as controls. Results: Benfotiamin decreases AGE formation by 
60% using quantitative immunoblotting. UDP-GIcNAc was decreased 50% by benfotiamin 
using the previous conditions. NFKB was decreased 85% to below control levels. Bcnfotiaminc 
decreased membrane PKC 55% to control levels.Chronic treatment of benfotiamin was well 
tolerated and did not result in significant changes of metabolic parameters. The development of 
acellular capillaries was reduced by benfotiamin-treatment from 72.5+11.16 acellular capillary 
scgmcnts/mm2 of retinal area in diabetic rats to 29.64*4.48 acellular capillary scgmcnts/mm2 
in benfotiamin-treated rats (pO.OOI). Conclusion: These data suggest that treatment with 
benfotiamin may be an effective approach to prevent the development of diabetic 
complications. 
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THE ANGIOTENSIN TVPE-2 RECEPTOR IS ANTI-ANGIOGENIC AND DOWN- 
REGULATES VEGF AND VEGFR-2 EXPRESSION LN A RODENT MODEL OF 
R ETLNOPATH V OF PREMATURITY. 

Jennifer L. Wilkinson-Berka*, Zemin Cao**, Mark E. Cooper**, Christina J. Moravski* 
♦Department of Physiology and **Department of Medicine, The University of Melbourne, 
Victoria, Australia, 3010. 

Background and Aims: Both angiotensin II (ANG IT) and vascular endothelial growth 
factor (VEGF) are angiogenic agents that have recently been implicated in the 
pathogenesis of proliferative diabetic retinopathy. Previously we reported drat the 
angiotensin converting enzyme inhibitor (ACE) lisinopril and the angiotensin type 1 
receptor (ATI) antagonist losartan, prevented retinal neovascularization in a rodent model 
of retinopathy of prematurity (ROP). Interestingly, although the cellular expression of 
vascular endothelial growth factor (VEGF) and its type 2 receptor (VEGFR-2) in retina 
were reduced in ROP rats treated with lisinopril (LIS), losartan (LOS) had no effect These 
findings show that the retinoprotection and reduction in VEGF and VEGFR-2 expression 
afforded by ACE inhibition may involve the angiotensin type 2 (AT2) receptor. The 
current study aimed to determine if the AT2 receptor blockade (AT2-RB) influences 
retinal neovascularization and VEGF and VEGFR-2 expression in ROP. Materials and 
Methods: ROP was induced in newborn Sprague Dawley rats by exposure to 80% 02 for 
11 days followed by 7 days in room air. ROP shams were exposed to room air for 18 days 
from birth. Additional groups of ROP and ROP shams received the AT2-RB, PD 123319, 
by miniosmotic pump (5m&lg/day) from days 11-18 (retinal neovascularization period in 
ROP rats). The number of blood vessel profiles per histological section of inner retina 
(BVFs) was quantitated in at least 500 unit areas per eye. VEGF and VEGFR-2 were 
assessed using in situ hybridizatioa Results: In ROP rats treated with AT2-RB, EVP's 
were reduced to a similar extent as ROP rats treated with LIS or LOS (ROP untreated, 
25.7 +/-1.5; AT2-RB, 14.9 +/- 1.2; US, 17.3 +/- 1.2; LOS. 19.4 +/- 0.6, p<0.05). VEGF 
and VEGFR-2 mRNA in ROP retina were both reduced with AT2-RB (VEGF: ROP 
untreated, 59.2 +/- 6.7; AT2-RB, 11.1 +/- 1.7; LIS, 16.3 +/- 1.7; LOS, 78.2 +/- 9.2, 
p<0.05. VEGFR-2: ROP untreated, 54.0 +/- 5.4, AT2-RB, 15.9 +/- 2.8; US, 0.5 +/- 0.5; 
LOS, 38.7 +/- 8.3, p<0.05). Conclusions: These findings indicate that the anti¬ 
proliferative effects of renin-angiotensin system (RAS) blockade in the retina may involve 
down-regulation of VEGF and VEGFR-2 expression via the AT2 receptor. Blockade of 
the RAS may provide an important anti-angiogenic therapy for the treatment of a variety 
of ischemic-induced retinal pathologies. 
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SURFACE ANTIGENS, HSP 70 AND SPECIFIC FUNCTION OF PANCREATIC 
ISLET BETA CELLS AFTER COMBINED ACTION OF CYTOKINES 

S. Schmidt, G. Wachlin, B. Kuttler and I. KlSting, Institute of Pathophysiology, 
University Greifewald, Karlsburg, Germany. 

Background and Aims: During the development of type I diabetes the pancreatic 
islet beta cells are exposed to different cytokines which act not as single substances 
but in combination. Therefore, it is possible that different cytokines influence each 
other in the expression of antigens and/or in changing pancreatic islet beta cell 
function. The aim of the study was to investigate the influence of different cytokines 
and cytokine combinations on the expression of HSP 70, of the surface antigens MHC 
I and II and on the function of islet beta cells of diabetes-prone BB rats. Methods: 
Isolated pancreatic islets were precultured for 3 days and then exposed to IL-11J (10 
U/ml) or IFN-y (500 U/ml) or TNF-a (500 U/ml) or to combinations of cytokines: 
IFN-y+TNF-a or IL-1J3+1FN-y +TNF-a. Untreated islets were used as controls. For 
the characterization of specific function insulin release and content were determined. 
Islet proteins were separated by SDS-PAGE followed by immunoblotting with the 
monoclonal antibody C92F3A-5 for HSP 70. Surface antigen expression was 
measured on single islet cells by FACS analysis using monoclonal antibodies OX18 
(MHC I), 0X6 (MHC II) and K14D10 (beta cells). Results: IL-lfl alone induced the 
expression of HSP 70 but did not change the expression of MHC I or II on beta cells. 
Insulin content and release were diminished. These functional effects were not 
influenced by TNF-a and IFN-y. IFN-y alone had no effect on the expression of HSP 
70 but induced MHC II on beta cells (7.8±1.8% vs. 1.910.5 % in controls) and 
increased the MHC I antigen density (18.311.6% vs. 6.111.9 log U). The IFN-y 
mediated increase of MHC II antigens on beta cells was enhanced by TNF-a 
(30.515.1% vs. 7.811.8 %) whereas TNF-a alone had no effect on HSP 70 and on the 
expression of the surface antigens investigated. A combination of all three cytokines 
abolished completely the IFN-y induced enhancement of MHC I antigen density. 
Conclusions: Our results demonstrate that the cytokines investigated influence each 
other in the expression of antigens on islet beta cells. The increased expression of an 
antigen induced by a single cytokine could be enhanced or even completely abolished 
by different combinations of cytokines. Thus, destruction or survival of islet beta cells 
may depend on the appearance of different cytokine combinations during an immune 
attack. 
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A NEW MODEL OF RETLVAL AND IRIS NEOVASCULARIZATION LN THE 
DIABETIC TRANSGENIC (mREN-2)27 RAT: BLOCKADE WITH ACE 
INHIBITION. 

Christina J. Moravski, Sand ford L. Skinner and Jennifer L. Wilkinson-Berka 
Department of Physiology, The University of Melbourne, Victoria, Australia, 3010 

Background and Aims: New blood vessel growth in the retina and iris is common in 
patients with long-standing diabetes, and ultimately leads to visual impairment and 
blindness. The advent of new therapies for diabetic ocular neovascularization has 
been hampered by the lack of a diabetic rodent model that progresses to retinal and 
iris neovascularization. This study aimed to determine if the streptozotocin (STZ) 
induced diabetic transgenic Ren-2 rat which is hypertensive, displays an enhanced 
tissue renin-angiotensin system and develops advanced nephropathy, also exhibits 
retinal and iris neovascularization. 

Materials and Methods: At 6 weeks of age, Ren-2, Spontaneously Hypertensive 
(SKR) and Sprague Dawley (SD) rats were randomised to receive either STZ 
(diabetic, D) or control vehicle (C). A separate group of diabetic Ren-2 rats were 
treated with the angiotensin converting enzyme (ACE) inhibitor lisinopril (L, 
lOmg/kg/day, drinking water) from the induction of diabetes. Rats were studied for 10 
months. The number of proliferating endothelial cells (PEC; proliferating cell nuclear 
antigen and lectin iramunohistochemistry) were quantified in 3 randomly chosen 
paraffin sections of retina and iris per eye. In situ hybridization was performed for 
vascular endothelial growth factor (VEGF) and it’s second receptor (VEGFR-2). 
Results: SBP was higher in Ren-2 and SfIR compared to SD rats (p<0.01) and was 
unchanged with diabetes. L reduced diabetic Ren-2 SBP (p<0.05). PECs in retina and 
iris were increased in untreated diabetic Ren-2 (retina Ren-2-C, 2.0 +/- 0.9; Ren-2-D, 
12.4 +/- 6.9, p<0.05; iris Ren-2-C, 6.2 +/- 2.6; Ren-2-D, 43.4 +/- 12.1, p<0.05) and 
reduced with L (retina Ren-2-D+L, 0, iris Ren-2-D+L, 10.6 +/- 1.5). In retina of non¬ 
diabetic and diabetic SHR and SD rats, PECs were not detected. PEC’s in irises of 
SHR and SD was unchanged with diabetes and decreased w ith L. 

Conclusions: This study provides evidence of a new diabetic model of retinal and iris 
neovascularization that is associated with up-regulation of tissue renin and VEGF and 
VEGFR-2 gene expression. The anti-angiogenic effects of ACE inhibition supports 
our previous findings in a rodent model of retinopathy of prematurity and the 
EUCLID study which showed lisinopril to slow the progression to PDR in humans. 
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Effects of selective binding to peripheral benzodiazepine receptors on the 
function and survival of human islet cells. 

L. Marselli, F. Dotta, R_ Lupi, C. Santangelo, S. Del Guerra, U. Boggi, M.C. Bambini, 
F. Mosca, U. Di Mario, S. Del Prato, P. Marchetti: Dept, of Endocrinology and 
Metabolism, Metabolic Unit, University of Pisa; Dept, of Clinical Sciences, 
University of Rome, La Sapienza - Italy 

Background and Aims: Peripheral benzodiazepine receptors (PBRs) are proteins 
mainly located on the mitochondrial membrane, where they are part of the 
mitochondrial permeability transition (PT) pore. PT pore regulates the function of 
mitochondria and therefore the survival of the whole cell. Following our 
demonstration that PBRs are present in human pancreatic islets (HI), now we describe 
the effects of a prolonged exposure of purified HI to PBRs ligands. 

Materials and Methods: Two specific ligands, PK-11195 (PK) and RO 5-4864 (Ro), 
which have overlapping, but not identical binding domains and slightly different 
binding affinities were used. Human islets were exposed for 12h to the tested 
compounds, and islet function and survival were then evaluated. 

Results. Glucose-stimulated (16.7 mM) insulin release (IR, pU/ml) was significantly 
lower after exposure to 0.5 pM PK (222±46, mean±SD, n=12) and 1.0 pM PK 
(160±71, n=10), than after exposure to 1.0 pM Ro X319±90, n=IO), 10 pM Ro 
(341±88, n=10), or control medium (348±188, n=14). The amount of apoptotic cells 
was evaluated by the TUNEL technique (Tt) and the ELISA method, and was 
significantly higher in 1.0 pM PK-exposed HI (Tt: 42.3±7.9%, n=5; OD: 2.2±0.5, 
n=6) than in 10 pM Ro-exposed (Tt: 1l.l±4.l%, n=4; OD; I.24±0.2, n=4) and control 
(Tt: I4.3±6.6%, n=8; OD: 1.27±0.4, n=8) HI. Electron microscopy demonstrated 
typical apoptotic changes (cellular shrinkage, chromatin condensation, and apoptotic 
bodies) in PK-exposed human beta-cells. These effects were accompanied by no 
major change of mRNA expression of iNOS, Bax and Bel 2, as evaluated by RT- 
PCR_ Inhibition of up-stream caspases, caspase-3 or caspase-6 significantly reduced 
(30% or more) the amount of dead cells. 

Conclusions: Thus, specific and selective binding to PBRs causes human beta-cells 
functional damage and apoptosis, a phenomenon which occurs without any clear 
change of iNOS, Bax and BcI-2 mRNA expression, and involves caspase activation. 
These results raise the possibility that PBRs are involved in human pancreatic beta¬ 
cell function and survival. 
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ESSENTIAL ROLE OF NF-kappaB (p50) IN THE DEVELOPMENT OF TYPE 
I DIABETES. 

J.G. Mabley, G Hask6, A. Salzman and C. Szabo. Inotek, Beverly, MA 01915 

Background and Aims: Development of Type I diabetes requires expression of immune- 
related genes such as MHC proteins, cytokines and cytotoxic enzymes, all regulated by 
transcription factors including NF-kappaB. The aim of this study was to determine if mice 
with a disruption of the NF-kappaB (p50) gene were protected from multiple-!ow-dose- 
streptozotocin (MLDS) induced diabetes. MLDS-induced diabetes is characterised by an 
immune cell-mediated destruction of the B-cells and a progressive hyperglycemia. 
Materials and Methods: Male NF-kappaB (p50)-/- and NF-kappaB (p50)+/+ mice (n=17) 
were injected with stz (40mg/kg ip.) or vehicle on five consecutive days, blood glucose 
was monitored over a 21-day period. Pancreas samples were taken on day 21 and insulin 
content determined Islets were isolated from both phenotypes (n=4) and exposed to a 
combination EL-1 (lOOpM), TNF-alpha (IOOpM) and IFN-gamma (lOU/ml) for 24h before 
glucose-stimulated insulin secretion was determined Serum or culture media nitrite/nitrate 
levels were used as a measure of nitric oxide formation. Results: MLDS treated NF- 
kappaB (p50)+/+ mice progressively developed hyperglycemia, blood glucose levels 
1154:4 and 330±27mg/dl (p<0.01) on day 1 and 21 respectively, with 88% of the mice 
diabetic (blood glucose>200mg/dl). MLDS treated NF-k3ppaB (p50)-/- mice had no 
incidence of diabetes and only a moderate increase in blood glucose levels from 111±3 to 
139±3mg / dl (p<0.05). MLDS decreased pancreas insulin content in NF-kappaB (p50)+/+ 
mice from 61 ±11 to 17±3ng insulin/mg protein (p<0.0l) an effect partially reversed in NF- 
kappaB (p50)-/- mice; 54.8±8 to 3144 (p<0.05). MLDS treatment increased serum 
nitrite/nitrale levels of NF-kappaB (p50)+/+ mice from 16±0.5 to 3744pM (p<0.01), but 
not in the NF-kappaB (p50)-/- mice, 25±3 to 26±4jiM. In vitro cytokine treatment of NF- 
kappaB (p50)+/+ islets reduced insulin secretion from 2.640.4 to 1.240.2ng insulin/islet/h 
(p<0.05) and increased media nitrite/nitrate; 4640.8 to 69±3.4pmol/is!et/24h (p<0.05). 
However, despite a 50% reduction in nitric oxide formation; 39±2.6 to 
49±2.54pmol/isIet/24h (p<0.05) cytokines inhibited insulin secretion in NF-kappaB (p50)- 
/- islets; 2.240.4 to 0.96±O.2ng insulin/isleth (p<0.05). Conclusions: NF-kappaB (p50) 
plays a pivotal role in activation of the immune system and resulting nitric oxide 
formation during the development of type I diabetes. However, disruption of the NF- 
kappaB (p50) gene did not protect B-cells from cytokine-mediated induction of nitric 
oxide synthase and inhibition of insulin secretion. It appears that NF-kappaB (p50)’s 
involvement is at an early, critical juncture of immune-activation and pro-inflammatory 
mediator oroduction. 
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Investigation of cytokine-activated transcription factors in RINriiSF cells 
overexpressing antioxidative enzymes by reporter gene and gel shift assays 
A.K. Azevedo Martins, S. Lenzen, M Tiedge and S. Lortz. 

Hannover Medical School, Institute of Clinical Biochemistry, Hannover, Germany 

Background and Aims: Cytokines contribute to beta-cell damage in Type I diabetes mellitus 
and the intracellular destruction process is mediated by the induction of iNOS and other radical 
producing enzymes and their products NO and oxy gen free radicals. During this destruction 
process through cytokines the activation of specific transcription factors, in particular NF-kB, 
play s a critical role. It was the aim of this study to characterise the importance of antioxidative 
enzymes and oxygen free radicals for the cytokine mediated activation of NF-kB in RINm5F 
cells. 

Materials and Methods: Insulin-producing RINm5F cells overexpressing the antioxidative 
enzymes catalase (CAT), glutathione peroxidase (GPX), Cu/ZnSOD and MnSOD were 
transiently transfected with a NF-kB promoter element coupled to an alkaline phosphatase 
(SEAP) reporter gene. Cells were exposed to IL-1B alone or to a cytokine mix. The 
accumulated reporter gene product SEAP was quantified at different time points. For gel shift 
Assays nuclear extracts from control and stimulated cells were isolated and incubated with 
radioactively labelled oligos with the NF-kB binding motif DNA-protein complexes were 
resolved by a native PAGE and detected by autoradiography. 

Results: The incubation of RINm5F control cells with IL-1B or the cytokine mix results in a 
maximal I2fold increase of SEAP enzyme activities after 6 h_ The activation of NF-kB in 
RlNm5F-GPX and RINm5F-Cu/ZnS0D cells after incubation with IL-IO was comparable with 
the activation in imtransfected cells. In contrast the CAT overexpressing RJNm5F cells showed 
a 15-20fold increase of the activation level. Ovcrexprcssion of MnSOD caused a 80% decrease 
of NF-kB activation in comparison to untransfectcd RINmSF cells. Decreasing the expression 
of MnSOD by using the antisense technique resulted in an approximately 90% increase of NF- 
kB activation. Gel shift assays confirmed cytokine-mediated activation of NF-kB in control 
cells and in MnSOD overexpressing cells. In cells overexpressing MnSOD the activation of 
NF-kB was less in comparison with untransfected cells. 

Conclusions: The activation of NF-kB after cytokine stimulation could be delayed or reduced 
by the overexpression of the antioxidative enzymes MnSOD und CAT in insulin-producing 
RlNm5F cells. Thus, in addition to the direct inactivation of radicals cytoprotcctive enzymes 
arc important modulators in the activation of transcription factors, in particular for the cytokine 
activated pathways of NF-kB. Importantly the mitochondrial inactivation of radicals affects the 
basal expression level of NF-kB. 
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THE ANTIAPOPTOTIC EFFECT OF THE JNK INHIBITOR TAT-JNK 
BINDING DOMAIN (JBD) IS INDEPENDENT OF IL-1 MEDIATED iNOS, 
ICE, Mn-SOD AND BCL-2 GENE EXPRESSION IN RIN CELLS 

M-A-Nikulina 1 , N.Sandhu 1 , Z.Shamim\ N.A.Andersen 1 , A.E.Karlsen 1 , C.Bonny 2 
and T.Mandrup-PouIsenV 'Steno Diabetes Center, 2820 Gentofte, Denmark and 
division of Medical Genetics, CHUV, 1011 Lausanne, Switzerland 

Background and Aims: The stress-activated protein kinase c-jun NH 2 -terminal 
kinase (JNK) is a main signal for IHp-induced apoptosis in insulin-producing 
cells, and the soluble JNK inhibitor Tat-JBD effectively prevents cytokinc-induced 
p-cell apoptosis. The aim of this study was to investigate whether JNK inhibition 
affected the expression of pro- or antiapoptotic P-cell genes. Materials and Meth¬ 
ods: RIN-5AH-T2B cells (750,000 cells/ml) were precultured for 24 h in RPMI 
1640-Glutamax + 10% FBS + 1% Pen/Strep at 37°C prior to incubation for 1 h 
with IpM Tat-JBD and followed by addition of 60 U/ml of rhIL-ip. After 6 and 
24 hours the total RNA was isolated, cDNA was generated by the cDNA Cycle 
Kit (Invitrogen) and RT-PCR was performed using Tata-binding protein or P- 
glucoronidase as housekeeping genes to normalize gene expression. Accumulated 
insulin release to the media was measured by ELISA and nitrite production by 
means of the Griess reagent. Hoechst 33342 and propidium iodide nuclear staining 
were used for apoptotic counts after 48 hours of exposure to 400 U/ml of rhIL-lp. 
Results: Tat-JBD reduced JNK activity by 35% (p < 0.001) and caused a 55% 
inhibition of IL-induced apoptosis (p < 0.001). However, Tat-JBD did not influ¬ 
ence IL-ip-induced NO synthesis (3.0±0.54 pM vs. 3.4±0.39 pM, n=12) or iNOS 
expression and only slightly decreased cytokine-mediated inhibition of insulin 
release at 24 h (18.7 ±1.17 nM vs. 22.1±I.2S nM, n=I2, p <0.01). Further, Tat- 
JBD did not prevent the IL-1-induced increase in Bcl-2, Mn-superoxide dismutase 
(Mn-SOD), IL-ip-converting enzyme (ICE), or caspase-3 gene expression. Con¬ 
clusion: The antiapoptotic effect of JNK was independent of the transcription of 
major pro- and antiapoptotic genes, but may be exerted at the level of translation 
or enzyme activity. Primary targets for JNK-mediated p-cell apoptosis still remain 
to be identified. 
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Suppressors of cytokine signaling (SOCS) in cytokine-induced human islet cell 
damage 

C.Santangelo, P.Marchetti, L.Marselli, MRealacci, S.Dionist, F.Vendrame, 
P.Cerrone, U.Di Mario and F.Dotta. Dept, of Clinical Sciences, Universit/La 
Sapienza’, Rome and Dept, of Endocrinology and Metabolism, University of Pisa, 
Italy. 

Background and aims: Type 1 diabetes results from the selective destruction of islet beta-cells 
through mechanisms not fully elucidated Beta-cell damage is due to infiltrating T-cells, 
macrophages and inflammatory cytokines (IFNgamma, TNFalpha, IL-Ibcta). In addition, in 
animal models, cytokines such as IL-4 and IL-10 can be protective, being able to counteract the 
adverse effects of pro-inflammatory cytokines, reducing beta-cell damage. SOCS belong to a 
protein family that negatively regulate cytokine signaling. SOCS genes are induced by a variety 
of cytokines and SOCS proteins induced by one can inhibit signaling by another (e g. IL-10 can 
suppress expression of IFNg-induced genes in human monocytes through SOCS-3). Previously 
we have shown that: 1) Hu m an islets treated, in vitro, with IFNg+TNFa+IL-1 showed a 
significant decrease of glucose-stimulated insulin release (IR). 2) Islets prc-culrured with IL-4 
and IL-10 followed by IFNg+ TNFa+ IL-1 showed a glucose-stimulated IR similar to untreated 
islets. 3) Prcincubation with IL-4 and IL-10 significantly reduced the rate of islet cell death 
induced by rFNg+ TNFa+ IL-I. Consequently, aims of our study were to investigate, at islet 
cell level, on the expression of SOCS genes, their inducibility by cytokines and on their 
possible involvement in protective effects of IL-4 and IL-10. 

Materials and Methods: mRNA expression of SOCS-1, -2 and -3 genes was evaluated in 
isolated human islets, cultured for lh and lOh, in the presence of: I) IL^t, IL-10, IFNg, TNFa 
and IL-1, separately; 2) a cocktail of IFNg+TNFa+IL-1; 3) IL-10 followed by a cocktail of 
IFNg+ TNFa+ IL-1. RNA expression of SOCS molecules was analyzed by RT-PCR, follow ed 
by quantitative scanning densitometry. 

Results: 1) SOCS-1, -2 and -3 mRNA is expressed in untreated human islets; 2) SOCS-1 
mRNA expression is upregulatcd at 10 hours by proinflammatory cytokines; 3) SOCS-2 mRNA 
expression is upregulatcd by IL-4, by IL-10 and by TNFa within 1 hour and its expression 
remains high up to 10 hours; 4) SOCS-3 mRNA expression is upregulatcd after 10 hours by all 
cytokines tested. 

Conclusions: SOCS-1, -2 and -3 are indeed expressed in human pancreatic islets, where they 
can be up-rcgulatcd by treatment with cytokines, thus representing a potential pathway of 
modulation of cytokine action. Early uprcgulation of SOCS-2 expression, induced by IL-4 and 
IL-10, suggests a possible role of this molecule in the modulation of the protective effects of 
these two cytokines on human islets when challenged with inflammatory cytokines. 
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IS THERE ANY CUTOFF POINT OF HbAlc LEVELS INDICATIVE OF THE 
NEED FOR INSULIN TREATMENT IN WOMEN WITH GESTATIONAL 
DIABETES? 

E.S. Souvatzoglou, E. Anastasiou, M. Alevizaki, E. Loukari, G. Philippou and A. 
Souvatzoglou 

1st Endocr. Section, Diabetes Center, Alexandra Hospital, Athens, Greece 

Background and Aims: It is known that HbAlc levels are not usefiill in the diagnosis 
of gestational diabetes mellitus (GDM). However there are no data whether HbAlc 
levels may help to determine therapeutic strategy for GDM women. The aim of this 
study is to define if there are any cutoff points of initial HbAlc levels, which may 
identify the subgroup of GDM women for whom insulin therapy will be needed, 
according to their pre-pregnancy BMI and trimester. Materials and Methods: Based 
on ADA 2000 GDM criteria, 2144 pregnant women had a normal OGTT- lOOg and 
1079 where diagnosed as GDM. From the GDM group 424 where treated with insulin 
in addition to diet therapy. Criteria for insulin initiation where at least one of the 
following: (a) fasting plasma g!ucose>95mg/dl; (b) one hour post-prandial 
glucose>140 mg/dl; (c) fetal macrosomia by ultrasound. BMI was calculated 
according to pre-pregnancy body weight in all pregnant women, who where divided 
in three groups, based on BMI: (i) Normal weight group (BMI-1) 18,5-24,9 kg/m2, 
n=1826; (ii) Overweight (BMI-2) 25,0-29,9, n=883; (iii) Obese (BM3-3)>30, n=514. 
In all pregnant W'omen HbAlc levels were measured (HPLC- Menarini) at the time 
the OGTT was performed. The total number of HbAlc measurements were 1658 in 
the second and 1565 in the third trimester. The optimum HbAlc insulin therapy- 
indicative cutoff points and their sensitivity and specificity where calculated 
according to BMI group and trimester of pregnancy. Results: The HbAlc cutofl 
points determined, according to BMi group, in the second trimester were: (i) BMI-1: 
HbAlc:>4%, Sensitivity: 65%, Specificity: 64%; (ii) BMI-2: HbAlc:>4,l%, 
Sensitivity 65%, Specificity 67%; (iii) BMI-3: HbAlc: >4,3%, Sensitivity 72%, 
Specificity 75%. In the third trimester the figures were (i) BMI-1: HbAlc>4,l%, 
Sensitivity 69%, Specificity 67%; (ii) BMI-2: HbAIc>4,4%, Sensitivity: 79%, 
Specificity 77%; (iii) BMI-3: HbAlc>4,5%, Sensitivity 75%, Specificity 77%. 
Conclusions: Initial HbAlc levels, though not used as a diagnostic criterion for 
GDM, may be useful in the identification of the subgroup of GDM women, especially 
the obese ones, who will need insulin therapy. 
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IS PREGNANCY A RISK FACTOR FOR MICROVASCULAR 
COMPLICATIONS? THE EURODIAB PROSPECTIVE STUDY. 

O.Verier-Mine*, N.Chaturvedi **, D.J.Webb**, A.Quiquempois*, D.Bensoussan* and 
J.H.Fuller** on behalf of the EURODIAB IDDM Complication Study Group. *CH 
Valenciennes France. **Dept.Epid.PubI.Health, University College of London, UK. 
Background and aims: Controversy exists on long term influence of pregnancy on 
development and progression of IDDM microvascular complications. Materials and 
methods: in the EURODIAB prospective multicentre study, 793 women potentially 
child bearing at baseline completed the follow-up (7.3 years) and 163 (21%) gave 
birth. We compared risk factors (RF) (mean levels of age, duration of diabetes, 
HbAlc, and proportion of giving birth) for developing a microvascular complication 
between progressors and non-progressors. Results: A) For women childless at 
baseline giving birth in follow-up (102/425): 1) 32/267 progressed to 
microalbuminuria. High HbAlc was a RF. Age, duration of diabetes or giving birth 
[25% vs 23%, p=0.8, adjusted Odd Ratio (OR) for significant co-variates 
1.32(0.55,3.22)] were not RF. 2) 43/282 progressed to proliferative retinopathy. 
Duration of diabetes and high HbAlc were RF, whereas giving birth was not [26% vs 
25%, p=0.9, adjusted OR 1.57(0.65,3.79)]. For progression to any form of retinopathy 
(104/186), again duration of diabetes and HbAlc were RF but not giving birth [20% 
vs 30%, p=0.1, adjusted OR 0.70(0.32,1.51)]. 3) For neuropathy, 59/288 progressed. 
Giving birth was not a RF: 25 % vs 25%, p=0.9, [OR 1.03 (0.53,1.99)]. B) For 
women with children at baseline giving birth in follow-up (61/368): 1) 35/235 

progressed to microalbuminuria; high HbAlc was a RF but giving birth was not: 9% 
vs 17%, p=0.2, adjusted OR 0.56(0.15,2.05). 2) 23/257 progressed to proliferative 
retinopathy. Giving birth was not a RF: 13% vs 16% p~0.7, adjusted OR 1.30(0.34, 
4.91). 82/166 progressed to any retinopathy; giving birth was not a RF: 12% vs 23%, 
p=0.08, adjusted OR 0.50(0.21,1.22). In both cases, duration of diabetes and high 
HbAlc were RF. 3) 59/244 progressed to neuropathy: age was a RF, not giving birth: 
12% vs 21%, p=0.I, adjusted OR 0.69(0.27,1.74). Conclusions: In this European 
study, having a first or another pregnancy did not seem to be a risk factor for 
progression of any microvascular complication. This is in accordance to the findings 
of the American DCCT Study 
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A NATION-WIDE PROSPECTIVE STUDY ON THE OUTCOME OF 
PREGNANCIES IN WOMEN WITH TYPE 1 DIABETES MELLITUS; DO 
PLANNED PREGNANCIES RESULT IN BETTER PREGNANCY 
OUTCOME? 

I.M. Evers, H.W. de Valk and G.H. A. Visser, University Medical Center Utrecht, the 
Netherlands. 

Background and Aims: Pcriconceptional glycacmic control has been shown to be a major 
determinant for the occurrence of congenital malformations (CM) in the offspring of women 
with type 1 diabetes mellitus (DM1). Motivating type 1 diabetic women to plan their 
pregnancy, resulting in good glycacmic control and folic acid use periconccptionally, will 
hopefully op timi se pregnancy outcome. We conducted a nation-wide prospective study to 
assess pcriconceptional preparation and glycacmic control as well as the frequency of CM, 
perinatal (PM) and maternal mortality (MM). 

Materials and Methods: A total of 364 women with DM1 were included w ithin 1 year from 
103 hospitals in the Netherlands; 14 women had an abortion, 15 had type 2 diabetes or 
secondary diabetes and in 20 there were incomplete data, leaving 315 subjects (mean age 30 
(SD 4) years, mean duration of disease 13 (SD 8) years and 98% Caucasian). Pcriconceptional 
glycacmic control was assessed using HbAlc-lcvcls determined at about 10 weeks gestation in 
one central laboratory (normal non-diabclic HbAlc-rangc 4.0-6.0%). CM were divided into 
major CM, like cardiac anomalies, neural tube defects and genitourinary system abnormalities 
and minor CM, like hypospadia, vertebral anomalies and single umbilical artery. 

Results: Eighty-four percent of the w omen reported that they planned their pregnancy. Seventy 
percent of the women started the use of folic acid before conception. Mean HbAlc-lcvcI early 
in pregnancy was 6.7% (SD 0.8%) (range 4.4-9.0%); 72% of the HbAIc-lcvcls was good 
(<7.0%). The overall CM-ratc was 7.9% (normal population rate 2.0%, p<0.05). Major CM 
occurred in 4.8% and minor CM in 3.1%. HbAIc-levels were significantly higher in 
pregnancies with CM compared to those without CM (7.2% (SD 0.9%) vs. 6.6% (SD 0.7%), 
p<0.05). The occurrence of major CM was significantly higher in unplanned pregnancies 
compared to planned pregnancies (10.0% vs. 3.4%, p<0.05). PM was 3.2% (normal population 
rate 0.9%, p<0.05). MM was 0.6% (n=2) (normal population rate 0.01%, p<0.05). Causes of 
maternal death were severe hypoglycacmia and amnion fluid embolism. 

Conclusions: Despite a high frequency of planned pregnancies, resulting in a high rate 
adequate folic acid use and overall good glycacmic control early in pregnancy, congenital 
malformations, perinatal and maternal mortality were still strongly increased. This indicates 
that in current conditions pregnancy in type 1 diabetic women remains a high-risk situation. 
Further reducing unplanned pregnancies to improve pregnancy outcome seems an important 
goal to achieve. 
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Pre-ecLampsia associated with altered post-partum insulin resistance and 
production in non-diabetk subjects 

H.W. de Valk, M.J. Sikkeraa, Franx A, van der Wijk N.G., Visser G.H.A., Bruinse 
H.W. Depts. of Internal Medicine and Obstetrics, University Medical Center, Utrecht, 
The Netherlands. 

Background and Aims: Pre-cclampsia (PREC) has been associated with fetal morbidity like 
intra-ulcrinc growth restriction and fetal death as well as with maternal complications. 
Endothelial cell dysfunction is thought to be pivotal in the pathogenesis of PREC. Since insulin 
resistance (IR) is also related to endothelial cell dysfunction, PREC may be a clinical entity to 
which IR contributes. We assessed IR and beta-cell function (BCF) in non-diabetic women 
after a pregnancy u ith PREC. 

Materials and Methods: A total of 213 women after a pregnancy complicated by PREC were 
studied: mean age: 31.2 (SD: 4.5 years), median time since childbirth 0.4 years (95th percentile 
(p95): 3.58); 70% were studied within 6 months. Fasting plasma glucose and insulin were 
determined, glucose was maximally 6.1 mmol/1 to include normoglycacmic subjects only. IR 
was determined using the formula: insu!in/22.5*c(-In(glucosc)), BCF by (2Q*insulin)/(g!ucose- 
3.5). The subjects were divided into subjects giving birth before week 34 (early (E): age: 30.7 
(SD: 4.5)) and after week 34 (late (L): age: 32.6 (SD: 4.5)). Normal values for IR and BCF 
were derived from 43 women (C; age: 32.9 (SD: 4.5)). 

Results: Significant differences were observed in IR, BCF and age between the groups 
(Kniskal-Wallis, p<0.001). IR was higher in E than in L: 2.45 (p95: 6.97) vs 1.73 (5.41), 
p<0.00l and than in C: 1.88 (5.31) p=0.007. IR in L and C were similar. BCF was higher in E 
than in L: 154 (p95: 417) vs 120 (363), p=0.03 and than in C: 94 (515) p==0<0.001 with the 
difference between L and C of bordcline significance (p=0.049). With ANOVA to correct for 
difference in age, IR in E was higher that in L (p=0.004) and C (p=0.001) with a significant 
difference in BCF between L and C (p=0.004). No differences in IR or BCF between L and C 
were found. IR and BCF were positively associated (r0 65, p<0.001), also after correction for 
age (r=0.54, p<0.001), also in E, L, and C separately. Duration of pregnancy at childbirth was 
inversely associated with IR and BCF (r=-0.2I, p^0.007 and r=-0.l7, p=0.03). Duration of 
pregnancy at diagnosis of PREC was also inversely associated with IR and BCF (r=-0.26, 
p=0.003 and r=-0.21, p=O.02), both suggesting more severe abnomalities with more severe 
PREC. 

Conclusions: Pre-eclampsia leading to childbirth before week 34 is associated with higher 
insulin resistance and insulin production post-partum, suggesting that pre-cclampsia is 
associated with altered insulin dynamics. Since these phenomena were studied post partum, 
further studies during pregnancy’ are indicated. 
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Gestational Diabetes Mellitus: predictive factors for the development of diabetes 
at mid-term follow-up. 

M. Albareda, A_ Garcia-Paterson, J. Ubeda, M.A. Maria, J.M. Adelaniado*, A. de 
Leiva and R. Corcoy. Departments of Endocrinology and *Obstetrics and 
Gynecology. Hospital Sant Pau. Barcelona. 

Background and Aims: Women with gestational diabetes mellitus (GDM) have a 
high risk of developing diabetes (DM) later in life and several predictors have been 
described. The aim of this study was to identify antepartum and postpartum predictive 
factors for the development of DM at mid-term follow-up in a group of women with 
prior GDM. 

Materials and Methods: In 696 women with prior GDM, a 75g-OGTT was 
performed postpartum (median 6.16 years, range 0.05, 13.73) which was assessed 
according to WHO-1998 criteria. A Cox multiple hazard regression analysis was used 
to ascertain if the following variables were independent predictors: previous glucose 
intolerance, family history of diabetes, parity, history of poor obstetric outcome, 
prepregnancy body mass index (BMI), age at pregnancy, gestational age at GDM 
diagnosis, GDM diagnostic OGTT (glycemic values, area under the curve and number 
of abnormal values), autoantibody positivity (islet cell, glutamic acid decarboxylase 
and tyrosine phosphatase antibodies), insulin treatment during pregnancy, neonatal 
weight 3 4000, preterm delivery, recurrence of GDM and age and BMI increment at 
follow-up. 

Results: Forty four women (6.3%) developed DM with a cumulative risk of 13.7% at 
II years of follow-up. Previous glucose intolerance (RR 6.73, p=0.003) and the 
higher quintile of prepregnancy BMI (BMI 3 26.4 RR 8.67, p^O.OOl) were 
independent predictors of developing LM. The 3rd tertile of the number of abnormal 
values at GDM diagnosis (4 abnormal values/clinical diagnosis) had borderline 
significance (RR 4.78, p- 0.054). Overall, these factors provided a sensitivity of 
67%, specificity of 76%, positive predictive value of 14.9% and negative predictive 
value of 97.3% for DM prediction. 

Conclusions: In these women with GDM, prepregnancy glucose intolerance and high 
BMI are independent risk factors for DM at follow-up. 
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The Novel Glucose Transporter GLUTI0 is Expressed in Human Skeletal 
Muscle Cells 

S. Ramrath, O. Dransfeld and J. Eckel. German Diabetes Research Institute, 
Dusseldorf, Germany 

Background and aims: The facilitative hexose transporters (GLUT-family) are 
membrane proteins which differ in their tissue distribution, kinetic characteristics and 
substrate specificity. Human GLUT10 is a novel sugar transporter-like gene which 
exhibits significant sequence similarity with the members of the GLUT family. In 
human tissues, a 7.2 kb transcript of GLUT10 was exclusively detected in heart and 
skeletal muscle. The aim of this study was to examine the regulation of GLUT10 
expression in human skeletal muscle cells during differentiation and different 
metabolic situations, and to assess the insulin-sensitivity of this novel transporter. 
Materials and Methods: Primary human skeletal muscle cells were obtained as 
proliferating myoblasts, and were fused to myotubes for different time periods. 
GLUT10 expression was determined by Northern and Western blotting; cell surface 
biotinylation was used to study the translocation of GLUT 10 in response to insulin. 
Results. In myoblasts, GLUT10 was detected as a 40 kDa protein. Upon 
differentiation the abundance of GLUT 10 increased about 3fold reaching a stable 
expression by 8-12 days. This was confirmed by a comparable increase in GLUT 10 
mRNA. Increased expression of GLUT10 in myotubes was paralleled by a 3-4fold 
increase in the expression of the insulin receptor. Expression of GLUT10 was not 
affected by the presence of high glucose (25 mM) in the culture medium. The 
presence of fructose (25 mM) reduced GLUT 10 abundance by 40 ± 3% (n=4), the 
same effect was observed after glucose starvation (overnight) of the myotubes. 
Biotinylation of myotubes before and after stimulation with insulin (10 min) indicated 
an increased abundance of GLUT 10 at the cell surface in response to the hormone. 
Conclusion: GLUT10 represents a novel glucose transporter that is expressed in 
differentiated human skeletal muscle. Our data suggest that the overall abundance of 
GLUT10 is subject to metabolic regulation, and that GLUT10 is redistributed to the 
plasma membrane in response to insulin. 
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CARDIOVASCULAR AND METABOLIC ABNORMALITIES IN OFFSPRING 
OF PRE GESTATIONAL TYPE l DIABETIC PREGNANCY 
J Manderson B Mullan D Hadden H Leslie CJPatterson D-McCanoe, Royal Group of 
Hospitals, Belfast, Northern Ireland 

Background and Aims The concept that maternal fuel metabolism may exert long 
range effects on the offspring of diabetic pregnancy was first proposed by Jorgen 
Pedersen over 20 years ago.. Long-term follow up studies among ethnic groups with 
high rates of type 2 diabetes have demonstrated a high prevalence of glucose 
intolerance and obesity in the offspring of diabetic pregnancy. Few studies have 
examined whether similar outcomes pertain among offspring of pre gestational type 1 
diabetic pregnancy or whether the impact of the intrauterine diabetic milieu might 
extend to other cardiovascular risk factors besides glucose and body weight The aim 
of this study was to examine matters of cardiovascular disease in childhood among 
offspring of type 1 diabetic pregnancy. 

Materials and Methods 61 prepubertal offspring aged 5-11 years (26 male/35 
female) of pre gestational type 1 diabetic pregnancies were randomly selected from 
maternity records and compared with 57 offspring of non diabetic subjects matched 
forage, sex and social class. Each child underwent measurement of height (m), 
weight (kg ), triceps and subscapular skin fold thickness ( mm ) and blood pressure 
(Omrofl). Fasting blood was obtained for glucose, insulin, IGF-1, plasminogen- 
inhibitor 1, fibrinogen, leptin (DSL, ELISA ), lipid profile, and the adhesion 
molecules VCAM-1 and E-sclectin. Insulin resistance was calculated using the 
HOMA model. Data was analysed using SPSS version 10. 

Results Skin fold thickness, blood pressure, glucose, insulin, insulin resistance and 
leptin did not differ between the two groups. Significant differences between the mean 
values for diabetic versus non diabetic offspring were:- total cholesterol (4.45 vs 4.18 
, p= 0.025) ;LDL cholesterol (2.73 vs 2.39, p= 0.001); cholcstcrol/HDL ratio (3.42 vs 
3.09, p= 0.027); IGF1 (22.49 vs 19.30, p= 0.036); PAI-1 (19.95 vs 14.87, p= 0.000) 
; VCAM (1845.59 vs 1508.93, p= 0.000) and E-selectin (88.66 vs 71.12, p= 0.010). 
Conclusions These data support the Pedersen hypothesis and indicate that metabolic 
and cardiovascular risk factors exist in glucose tolerant offspring of diabetic pregnancy 
aged 5-11 years compared with non diabetic offspring. The findings have 
implications for the management of diabetic pregnancy and suggest the need for long 
term follow up of these subjects. 


164 

RABEF4: A POSSIBLE LINK BETWEEN INSULIN SIGNALING AND 
GLUT4 TRAFFIC? 

O. de Robertis, L Meton, Y. Le Marchand-Bmstel and M. Cormont. Inserm E9911, 
Biologie et Physiopathologie de la Nutrition et Signalisation, Nice, France 

Background and Aims: The small GTPase Rab4 is involved in the regulation of Glut 
4 trafficking. To better understand its role in insulin action, we searched for Rab4 
effectors by screening a fat mouse cDNA library. We cloned a cDNA coding for a 
protein of 609 amino acids that interacts with active Rab4 in yeast This protein, 
named Rabcf4 (Rab4 effector), contains three SH3 domains, two proline-rich regions 
and a coiled-coti domain and is ubiquitously expressed. The specific aim of this study 
has been to characterise the role of Rabef4 in insulin-sensitive cells. 

Materials and Methods: A Tet-Off stable cell line of 3T3-L1 fibroblasts 
overexpressing myc-Rabef4 was selected in w hich Rabef4 expression was obtained in 
the absence of tetracycline either in fibroblasts or adipocytes. 

Results: In Tet-Off fibroblasts and adipocytes insulin induces a rapid and stable 
association of myc-Rabef4 with endogenous Rab4. A specific inhibitor of PI3K, 
wortmannin, was able to prevent the formation of Rabef4-Rab4 complex, suggesting 
an important role of the PDKinase pathway in this association Endogenous or 
overexpressed Rabcf4 is coprecipitaled with tyrosine phosphoiylated proteins after 
insulin treatment of both fibroblasts and adipocytes. Further, w hile a PDGF treatment 
induces the association of myc-Rabef4 with tyrosine phosphorylated proteins in 3T3- 
L1 fibroblasts, it has no effect in adipocytes. One of the tyrosine phosphoiylated 
proteins that coimmunoprecipitatcs with Rabef4 is a 120 kDa protein. We tested 
whether it corresponds to Cbl, a protein that is tyrosine phosphoiylated in response to 
insulin in adipocytes. By coimmunoprecipitaiion, we demonstrate that Cbl and Rabef4 
are indeed associated. Further, insulin induces the delocalization of Rabef4 from a 
Triton X100 soluble to a Triton X100 insoluble fraction, as it does for Cbl. 
Conclusions: The formation of a complex of Rabef4, Cbl and possibly Rab4 
associated to the lipid rafts may lead to the generation of specific signals important for 
the regulation of glucose transport Rabcf4 would thus appear as a possible link 
between insulin signalling and Glut 4 traffic. 
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NELFINAVIR, AN HIV PROTEASE INHIBITOR, IMPAIRS INSULIN 
SIGNALING <& GLVT4 TRANSLOCATION LV 3T3-LI ADIPOCYTES 
N. Bashan, S. Vanounou, A. Tirosh, R Ben*Romano, K. Riesenberg, F. Schleffer, I. 
Harman-Boehm and A. Rudich. Ben-Gurion University, Beer-Sheva, Israel. 

Background and Aims: HIV protease inhibitors are potent anti-retroviral agents 
clinically used in the management of HIV infection. Recently HPI therapy has been 
linked to the development of a metabolic syndrome, in which adipocyte insulin 
resistance appears to play a major role. 

Materials and Methods: Fully differentiated 3T3-L1 adipocytes were exposed for 18 
h to up to 40 microM nelfinavir. 

Results: Nelfinavir treatment resulted in impaired insulin stimulated glucose uptake 
(ISGT) with an EC50 of approximately 20 mM. The reduction in ISGT could be 
attributed to impaired GLUT4 translocation to the plasma membrane, while total 
membrane GLUT4 content was unaltered. Insulin stimulated insulin receptor and 
insulin receptor substrate phosphorylation, and the association between IRS1 and the 
p85 unit of PI 3-kinase, were not affected by nelfinavir even at concentrations which 
induced impaired glucose uptake. However, nelfinavir treatment severely impaired 
the insulin stimulation of both Ser473 as well as Thr30S PKB phosphorylation, with 
no effect on total PKB content. Interestingly, insulin stimulated ERK1/2 and p70S6 
kinase phosphorylation were also decreased following nelfinavir treatment. 
Troglitazone pre and co-treatment increased ISGT by 20% in control, but not in 
nelfinavir treated cells, and could not protect against the reduction in insulin effect. 

ConclusionsiThese data may provide a cellular explanation for the peripheral insulin 
resistance and abnormal adipocyte function in treated HIV patients. 
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Essential Role of the SUMO-Conjugating Enzyme Ubc9 for Insulin-Stimulated 
Glucose Transport in Adipocy tes. 

F. .Giorgino, O. de Robertis, S. Perrini, C. Montrone. Medicina Interna, 
Endocrinologia e Malattie Metaboliche, DETO, Universita di Bari, Bari, Italy. 

Background and Aims: We have recently shown that the GLUT4 glucose transporter 
interacts with the SUMO-conjugating enzyme Ubc9 and is covalently conjugated with 
SUMO-I. The objective of this study was to investigate the relevance of Ubc9 to 
insulin regulation of glucose transport in adipocytes. Materials and Methods: The 
Ubc9 protein was transiently reduced in 3T3-L1 adipocytes by treating cells with a 
specific phosphorothioate antisense oligonucleotide for 72 h or overexpressed by 
adenovirus-mediated Ubc9 gene transfer. Results: Ubc9 protein levels were reduced 
80% in adipocytes treated with the Ubc9 antisense as compared to cells left untreated 
or treated with sense, reverse, or scrambled oligonucleotide sequences. The decrease 
in Ubc9 was associated with a 70% reduction in GLUT4 protein levels compared to 
control (P<0.05). By contrast, the levels of the GLUT1 transporter were unchanged. 
In adipocytes treated with the Ubc9 antisense basal glucose transport rates were not 
different than control, but insulin-stimulated glucose transport was markedly reduced 
by 75% (P<0.05). Inhibition of Ubc9 biosynthesis did not modify the expression of 
various insulin signaling proteins, such as the insulin receptor, IRS-1, IRS-2, PI 3- 
kinase, and Akt, nor it affected insulin stimulation of IRS tyrosine phosphorylation or 
Akt activity. On the other hand, infection of adipocytes with a recombinant 
adenovirus encoding the Ubc9 cDNA increased Ubc9 protein levels 4-fold and 
resulted in a 2.5-fold increase in total GLUT4 levels as compared to cells transduced 
with the control gene beta-Galactosidase (P<0.05). Ubc9 overexpression was 
associated with no change in basal glucose transport, but significant enhancement of 
the fold-stimulation of glucose transport by insulin (8.0-fo!d vs. 4.2-fold, P<0.05). 
GLUT4 mRNA levels were not modified by Ubc9, indicating that GLUT4 regulation 
by this enzyme does not involve changes in GLUT4 gene transcription. Conclusions: 
the SUMO-conjugating enzyme Ubc9 plays a critical role in regulating the cellular 
levels of GLUT4 in adipocytes post-transcriptionally. Therefore, Ubc9-mediated 
SUMO conjugation represents a novel mechanism for physiological regulation and 
pharmacological targeting of insulin-stimulated glucose uptake in insulin-sensitive 
cells. 
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Defective P2Y purinergic receptor function induces impaired glucose transport 
in type 2 diabetes 

A. Solini, P. Chiozzi*, A. Morelli*, A. Passaro, R. Fellin, F. Di Virgilio*. Sections of 
Internal Medicine II and General Pathology* University of Ferrara, Ferrara, Italy 
Background and Aims: P2Y receptors (P2YR) are membrane-spanning G-protein- 
coupled receptors whose activation by extracellular ATP (eATP) triggers generation 
of inositol 1,4,5-triphosphale and calcium mobilization from intracellular stores. They 
are involved in regulating platelet aggregation, cytokine release, smooth muscle cells 
contraction. Recently, a role of P2YR in modulating glucose transport (GT) in rat 
cardiomyocytes has been suggested. Aim of this study was to evaluate the effect of 
P2YR stimulation on glucose uptake (GU) in skin fibroblasts from 6 healthy subjects 
(C) and 6 type 2 diabetic patients (T2D). Materials and Methods: P2YR expression 
was evaluated by RT-PCR; changes in intracellular calcium concentration by the 
fluorescent indicator Fura2/AM; GLUT1 was identified in three membrane fractions 
by immunoblotting and chemiluminescence; GU was measured with the analogue 2- 
deoxy-D-[!-3H] glucose (2-DOG) and eATP in the medium by Iuminometry with the 
luciferin-Iuciferase assay. Results: 2-DOG uptake from T2D was basically insensitive 
to eATP stimulation (basal 100±12 in C and 85±15 pmol/mg/min in T2D; with ATP 1 
mM 230±21 in C and 126±13 pmol/mg/min in T2D). GLUT1 was equally expressed 
in C and T2D; its content in the Golgi, however, was much lower in T2D. eATP was 
able to promote GLUTI association to the plasma membrane in both cells, but this 
event per se was not sufficient to drive an increased GU in T2D. Expression of P2YR 
did not differ in the two groups. Intracellular calcium release, a functional response 
tipically triggered by P2YR, was reduced in T2D respect to C (102 vs 248 nM). 
Pretreatment with hexokinase, an ATP hydrolysing enzyme, completely restored 
P2YR-mediated calcium release in T2D (228 vs 217 nM in C), suggesting a 
desensitized state of this receptors in T2D. This hypothesis was confirmed by a three¬ 
fold higher ATP content in the supernatants of T2D compared to C (0.2±0.5 and 
0.08±0.2 micrograms ATP/1.000.000 cells). Intracellular ATP, otherwise, did not 
differ between the two cell populations. Accordingly, incubation in the presence of 
hexokinase re-established ATP-dependent GU (140±10 in C and 156±12 
pmol/mg/min in T2D). Conclusions: extracellular ATP appears to modulate insulin- 
independent GT, P2YR-dependent GLUTI activation being deficient in type 2 
diabetes. These observations suggest possible additional targets for improving glucose 
utilization in diabetes. 
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DECREASED CONTENT OF IRS-1, IRS-2 AND GLUT4 IN RAT 
ADIPOCYTES WHEN EXPOSED TO HIGH GLUCOSE AND INSULIN 
J.W. Eriksson, H-X. Liu and J. Buren, Dept of Medicine, Umel University, Sweden 

Background and aims: The pathogenesis of type 2 diabetes involves complex 
interactions among multiple physiological defects. The purpose of this study was to 
investigate the cellular effects of long-term exposure to high insulin and glucose on 
glucose transport and insulin signalling proteins in primary cultured rat adipocytes. 
Materials and methods: Isolated adipocytes were obtained by collagenase treatment 
of epididymal fat from Sprague-Dawley rats. The cells were cultured for 24 h in 
DMEM containing 5, 10, 15 or 25 mM D-glucose in the presence or absence of 
insulin (10,000 uU/ml). After washing, basal and insulin-stimulated 14C-D-glucose 
uptake was performed and total cell lysates or membranes were prepared. Insulin 
signalling peptides were assessed by immunoblotting. 

Results: Long-term incubation with high glucose (10, 15 and 25 mM) for 24 h 
induced a dose-dependent decrease in basal and insulin stimulated glucose uptake 
compared to control cells incubated in 5 mM glucose. High glucose (25 mM) down- 
regulated IRS-1 expression by -50%, whereas IRS-2 was strongly up-regulated by 
glucose levels of 10 mM glucose or more (by -200-600%). Neither glucose nor 
insulin affected PI3-K and PKB levels. Surprisingly, J5mM glucose increased 
GLUT4 of cellular membranes (by -100%, p<0.001) compared to 5mM. 24 h insulin 
treatment had a negative effect on glucose uptake only in the presence of high glucose 
(by -30-60% at 15 mM glucose, p<0.001). High levels of insulin in the incubation 
medium almost abolished IRS-2 expression and amplified the suppression of rRS-1 
produced by 15 or 25 mM glucose. Insulin also decreased GLUT4 at high glucose (by 

-60%, p<0.001). 

Conclusions: Long-term exposure to high glucose per se can reduce glucose transport 
capacity independent of GLUT4 expression. Concomitant incubation with high 
insulin markedly impairs the expression of IRS-1, IRS-2 and GLUT4 and this may 
contribute to insulin resistance, e.g. in type 2 diabetes. 



A 45 


OP 29 

Searching for the Artifical Beta-Cell 

169 

FIRST IMPLANTATIONS OF A LONG TERM GLUCOSE SENSOR 
CONNECTED TO INSULIN PUMPS IN DIABETIC HUMANS 
E. Renard*, L. Jovanovic**, G. Costalat*, N. Rikalo**, K. Waxman**, M. 
Kolopp***, R. Shah*** and J. Bringer*. *Lape>Tonie Hospital, Montpellier, 
France; **Sansum Medical Research Inst7Cottage Hospital, Santa Barbara, CA, 
USA; ***Medical Research Group/MiniMed Inc., Sylmar and Northridge, CA, 
USA. 

Background and Aims: Implanted insulin pumps have been used in diabetic 
subjects for more than 10 years. Connecting an intra-vascular (IV) glucose sensor 
to the pump would provide real-time data to enable regulation of insulin delivery, 
leading to a true 'artificial beta-cell'. The aim of the study is to assess the safety 
and accuracy of an implanted sensor/pump system. Methods: Long term glucose 
sensor systems (LTSS, Medical Research Group and MiniMed Inc., CA, USA), 
consisting of an IV glucose sensor connected to a pump for intra-peritoneal (IP) 
insulin delivery, were surgically implanted into ten type 1 diabetic subjects for 
approximately 18 patient-months. Sensors were placed through subclavian or 
internal jugular veins, with sensor tips in the superior vena cava or right atrium. 
Sensor data were compared to six daily capillary blood glucose sample readings 
on HemoCue photometers (HemoCue AB, Sweden). Results: Surgical 
complications consisted of placing and maintaining the sensor tip in the proper 
location. Optimization of the surgical procedure and modification of the 
connecting cable facilitated attachment and prevention of migration. A total of 
3788 paired points yields a Mean Absolute Difference (MAD) of 19.5% over the 
range of 1.5 to 21.5 mmol/1, a correlation coefficient (r) = 0.90, and 97% of 
paired points within the A & B ranges of the CJarke Grid. These data were 
sustained after 5 months of implant. Conclusions: Our data suggest that the 
LTSS can perform to sufficient clinical accuracy over an extended period of time 
to control IP insulin delivery. 
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Evaluation of a Global Modeling Approach for Non-invasive Blood Glucose 
Measurements 

S.L. Monfre, T.L. Ruchti, T.B. Blank, A.D. Lorenz, Instrumentation Metrics 
Incorporated, Chandler, Arizona, U.S.A. 

Background and Aims: 

Previously, we demonstrated that it is possible to accurately measure blood glucose 
values non-invasively using near-infrared spectroscopy for extended periods of time, 
provided that the device has been calibrated to the individual. The aim of this study is 
to determine if a global approach to calibration can be achieved, thereby reducing the 
regimen required for calibrating the individual to the device. 

Materials and Methods: 

Over 60 adult diabetic subjects who utilize intensive insulin management are being 
studied during the course of this trial. Non-invasive near-infrared data and 
corresponding blood glucose values (HemoCue) were collected during a series of 
modified glucose tolerance tests. A variety of proprietary multivariate modeling 
techniques were used to develop and evaluate the global modeling approach. 

Results: 

To dale, the global modeling approach which we have employed has lead to accurate 
results being achieved in 40 of the 60 subjects studied. The duration of the global 
modeling approach has varied from 1 to 8 weeks. Evaluation of these measured values 
based on the Clark Error Grid yields approximately 55% of the data in the A region, 
39% of the data in the B region, 3% in each of the C and D regions, with no data 
falling in the E region. The absolute error is approximately 22%. 

Conclusions: 

For the first time, there is evidence that it is possible to develop a general model for 
non-invasive blood glucose measurement that accurately measures blood glucose 
levels on independent test data. These results motivate the continued development of 
a home-use non-invasive blood glucose monitor based on near-infrared spectroscopy. 


170 

IIYPO- AND HYPER GLYCEMIC EXPOSURE ESTLMATES BASED ON 
CONTINUOUS GLUCOSE SENSOR DATA PREDICT GLYCOSYLATED 
HEMOGLOBIN. 

T.M. Gross, L.M. Jeng, B. Van Antwerp, L.P. Fredrickson and J.J. Mastrototaro, 
Northridge, CA, U.S.A. 

Background and Aims: HbAlc is the most widely accepted measure of glucose 
control, as it increases in direct proportion to glycemic exposure over the previous 90 
days. The Continuous Glucose Monitoring System (CGMS, MiniMed Inc.) gives a 
complete picture of glucose levels over 3 days of use and provides direct evidence of 
the duration and magnitude of glucose excursions above and below desired limits. 
The present analysis was conducted to determine if the integrated area under the curve 
(AUC), derived from a brief period of CGMS use, can predict long-term glucose 
control, as reflected in HbAlc. 

Materials and Methods: A historical HbAlc value was obtained from 238 patients 
(198 type 1, 40 type 2) at 13 clinical centers, who then used the CGMS for between 1 
and 18 days (Mean = 4.2 days). The incremental area of the glucose curve above 10 
mmol/L (AUC-HI) and below 3.9 mmol/L (AUC-LO) were calculated directly from 
the CGMS 5-minute readings, adjusted for the duration of sensor use and expressed as 
mmol*hr/L. Multiple linear regression and correlation analysis was performed using 
AUC-HI and AUC-LO as predictors of HbAlc. 

Results: Subjects were (Mean + SD) 35.6 + 16.8 yrs. old, 57% female, with a 15.4 + 
10.7 yr. history of diabetes, 55% using CSII and 31% using MDI. Subjects’ 
hyperglycemic exposure (AUC-HI, 30.4 + 29.2 mmol*hr/L) was positively correlated 
with HbAlc (r = 0.56, p < 0.0001) and their hypoglycemic exposure (AUC-LO, 3.6 + 
3.6 mmol*hr/L) was negatively correlated (r = -0.28, p < 0.0001). Regression analysis 
confirmed that both AUC-HI and AUC-LO were significant predictors of HbAlc 
(RSQUAR£D=0.32, p<0.0001) with a prediction equation of Hbalc = 7.1% + 
(0.03)AUC-Ifl (0.06)AUC-LO. 

Conclusions: These results demonstrate that a brief period of continuous glucose 
sensor data can provide detailed information on the duration and magnitude of both 
low and high glucose excursions. Indices based on these excursions can be used to 
predict long-term glucose control. These estimates can provide immediate feedback 
on treatment intervention and will be useful in treatment decisions, patient education 
and broader research applications. 
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DEVELOPMENT OF CLOSED-LOOP INTRAPERITONEAL INSULIN 
INFUSION ALGORITHM 

K.Nishida, M.Sakakida, S. Shimoda, Y. Matuo, E. Araki 

Background and Aims: To apply artificial endocrine pancreas (AEP) to diabeti 
patients for longer-period, we need to develop the implantable type (implantable 
AEP). In order to achieve the physiological insulin delivery route, intraperitoneal 
insulin infusion may be important For this purpose, we have developed the closed- 
loop intraperitoneal insulin infusion algorithm. 

Materials and Methods: 1) By analyzing the kinetics of intraperitoneal absorption of 
insulin, we have developed intraperitoneal insulin infusion algorithm and compared to 
closed-loop intravenous insulin infusion algrithm. The intraperitoneal insulin infusion 
rate was calculated according to Eq. HR(t>= Kp*G(t)+Kd*dG(t)/dt+Kc: Kp, Kd, Kc: 
insulin infusion parameters 2) Insulin infusion patterns and plasma insulin profiles 
were obtained from simulation study. Furthermore, we apply this algorithm to five 
alloxan induced diabetic dogs, and control blood glucose concentration after oral 
glucose load. 

Results:!) Insulin infusion parameters were set as Kp=0.041, Kd=2.91 and Kc=-2.72. 
2) Using this algorithm, the plasma insulin level was simulated to be normal after oral 
glucose load, and was similar to that using intravenous infusion algorithm. By 
applying this algorithm, near-physisological glycemic control was achieved without 
ahowing any delayed hyperinsulinemia or hypoglycemia. 

ConcIusions:These results indicate that the application of intraperitoneal insulin 
infusion algorithm is feasible for long-term glycemic control with AEP. 
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Correlation of Standard Measures of Glucose Control with A New Optical 
Method of Glycemic Assessment in Patients At Risk for Type 2 Diabetes 
R. Bergenstal, A. Monk. International Diabetes Center, Nlinneapolis, Minnesota, 
USA 

Background and Aims: Current measures of glycemic assessment require a blood 
sample. A new noninvasive method for assessing glycemic control status, Accu- 
Chek™ D-Tector™ (ACDT), has been developed based on detection of glycated 
proteins in the lens of the eye using a blue laser and measuring the resultant 
fluorescence. This innovative technology may expand diabetes screening to 
nontraditional settings (eg., professional eye care), increasing access to the 
undiagnosed population. We present preliminary results from a 2-year study 
correlating standard measures of glycemic assessment (FPG; HbAlc; fructosamine) 
with the results of the ACDT. 

Materials and Methods: Approximately 250 patients identified as at risk for type 2 
diabetes by the Community Diabetes Prevention Project (those with a + HI of 
diabetes and at least 1 component of the insulin resistance syndrome, but not yet 
having IGT) are being tested every 6 months using standard glycemic assessment tests 
and ACDT. 

Results: ACDT tests compared with FPG diagnosis had a specificity of 88.7% 
(yielding 24 additional positive results among a population of 212 previously negative 
patients) and a sensitivity of 45.0% (matching 5 out of 11 positive results by FPG 
criteria; sensitivity = 50% with the exclusion of one patient who had been told he had 
diabetes and started treatment prior to ACDT testing). For the "false positives" the 
salient question is whether this new technology has provided early identification of 
patients who have abnormal glucose homeostasis but have not yet developed diabetes 
by FPG criteria. Longitudinal data will reveal how effectively the ACDT detects 
abnormalities in overall glycemic control. Abnormal lens glycation may identify 
patients with diabetes or indicate elevations in overall glycemic exposure, signaling 
possible impending diabetes (since even elevations of plasma glucose in the normal 
range have been correlated with future development of diabetes). 

Conclusions: The noninvasive Accu-Chek™ D-Tector™ optical test for glycemic 
assessment represents a promising new approach for the early detection of diabetes, 
and may help to meet the need for ongoing systematic screening in expanded clinical 
settings. 
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G L Y CO II EM OG LOB IN' VALUES OVER 18 YEARS PREDICT 
CORONARY ATHEROMATOSIS IN TYPE I DL\BETICS. 

J .R Larsen, Magnc Brckke.L. Sandvik, K .F .Hanssen and K .Dahl-Jorgensen. 

Diabetes Research Centre, Ulleval University Hospital, 0407 Oslo, Norway. 

Background and Aims: Diabetes type 1 patients have a pronounced risk of 
premature devlopment of coronaty artery disease. Intracoronaiy ultrasound 
examination gives detailed information on atherosclerotic plaques. The standard 
method for evaluation of coronaiy artery disease , quantitative coronary 
angiography, is not sufficiently sensitive to detect non-symptomatic coronary 
artery disease .We evaluated the prevalence of preclinical atheromatosis with 
intra coronaiy ultrasound and related the the findings to HbAlc measured 
prospectiv ely ov er 18 years. Materials and Methods: In 1982 45 typcl diabetes 
patients were randomized to intensive insulin treatment w ith pump (n=15)or 
muItiinjections(n=I5)or to stay on 2-injcctions daily. After 4 years having 
identified the beneficial effects of intensive insulin treatment on microvascular 
complications, intensive therapy was advised to all. 39 patients are still in the 
study. 2 are dead (breastcancer, chronic lung disease) and 4 are lost to follow 
up.29 Patients were examined with intra coronary’ ultrasound and quantitative 
coronary angiography. Mean HbAlc over 18 years was 8.2% (6.6-II.3)(normal 
4.1-6.4) The mean duration of diabetes was 30 years (23-39). Mean age of the 
patients was 43 years (33-58). Results: All patients examined with intracoronary 
ultrasound in the present study had developed plaques. Linear regression shows a 
significant relation between degree of plaque formation and mean HbAlc value 
over 18 years when adjusted forage. (p=0.013) With intracoronaiy angiography 
34% have more than 50% stenosis in 1 or more of the coronary' arteries. There 
was no significant relationship between these findings and mean HbAlc over 18 
years. Conclusions: Our study shows that asymptomatic coronary atheromatosis 
is very frequent in type 1 diabetes of long duration and that mean value of HbAlc 
ov er 18 years predicts the degree of coronary atheromatosis. 
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Glucose monitoring in the adipose tissue of ty pe 1 diabetic patients using open- 
flow microperfusion and microdialysis 

L. Schaupp*+, G.A Brunner*, H. Schaller*+, M. BodenIenz*+, A. Wutte*, P. Wach+ 
and T.R. Pieber* *Dept. of Internal Medicine, Diabetes and Metabolism, Univ. Graz, 
and +Dept. of Biophysics, Inst, of Biomedical Engineering, Graz Univ. of 
Technology, Austria 

Background and Aims: The objective of this study twofold: first to compare two methods for 
glucose sampling in the adipose tissue: open-flow micropcrfusion (OFM), and microdialysis 
(MDial), and second to determine local differences of ihe glucose concentration in the adipose 
tissue of type 1 diabetic patients. 

Materials and Methods: Both sampling techniques are based on perfusing a probe with 
isotonic, ionfree mannitol (0.5 pl/min). With OFM the interstitial fluid (ISF) enters the OFM 
catheter through macroscopic perforations. With MDial partial equilibration of the perfusate 
with the ISF occurs through the dialysis membrane of the MDial probe. In order to determine 
the degree of exchange of the fluids (recovery) the concentration of sodium was measured in 
the recollected perfusate (ionic reference technique). One OFM catheter and one MDial probe 
were inserted into the adipose tissue of 6 patients with IDDM (BMI 27.0 ± 2.5 kg*m-2, age 
43.2 ± 7.4 years) at least 3 cm apart from each other. For 9 hours ISF samples were collected in 
30 min intervals with corresponding plasma values. During the investigation the patients 
followed their usual meal - insulin pattern. 

Results: The plasma glucose concentration ranged between 3.47 and 17.83 mmol/1 (n=92). The 
correlation coefficient of linear regression analysis of plasma glucose and glucose sampled with 
OFM / MDial was between 0.57 and 0.95 / 0.65 and 0.96, respectively. The mean difference of 
the glucose concentration sampled simultaneously with OFM and MDial in the same subject 
was 1.46 ± 0.18 mmol/1. Taking the different recoveries of the two catheters into account and 
applying the ionic reference technique the correlation was considerably increased for OFM 
(0.92-0.99) and MDial (0.96-0.99). Furthermore, the absolute difference in simultaneously 
measured adipose tissue glucose concentration was reduced to 0.05 ±0.10 mmol/1. 

Conclusions: Although there is a large difference of the glucose concentration between the 
catheters due to different properties of the techniques (membrane, size, exchange area) this 
difference can be taken into account with the ionic reference technique. It can be concluded that 
there is no difference between OFM and MDial regarding their capability to determine ISF 
glucose concentration. There are also no local differences in glucose concentrations in the 
adipose tissue. Therefore both techniques as well as the site of sampling (adipose tissue) seem 
to be appropriate for glucose monitoring. 


176 

PULSE PRESSURE PREDICTS THE RISK OF CARDIOVASCULAR 
EVENTS LN A LARGE COHORT OF PATIENTS WITH TYPE 2 DIABETES 
J R. Cockcroft 1 , P. McEvvan 2 , L.M. Evans 2 , P. Hopkinson 3 , J.R. Peters 4 , and C.J. 
Currie 4 . 'University of Wales College of Medicine, Cardiff, UK; 2 Cardiff University, 
UK; 3 Glaxo Wellcome, London, UK; 4 University Hospital of Wales, Cardiff, UK. 
Background and Aims: Pulse pressure is a major determinant of cardiovascular risk 
in normotensive and hypertensive subjects. Increased pulse pressure reflects the 
arterial stiffening that occurs at an early stage in diabetes. The aim of this study was 
to investigate the relationship between pulse pressure and cardiovascular risk in 
patients with Type 2 diabetes. 

Materials and Methods: Data on 2911 cases were abstracted from the Cardiff 
Diabetes Database describing a wide range of risk factors and events. The baseline 
year was 1996 with follow-up for four years. Parametric and non-parametric 
multivariate regression techniques were used to investigate for associations. Of the 
2911 cases, there were 574 CHD events, 168 cerebrovascular disease (CVD) events, 
and 157 peripheral vascular disease (PVD) events. 

Results: The various mathematical techniques produced generally consistent results. 
Using univariate analysis, after adjustment for age, sex, and duration of diabetes, there 
w'as an association between systolic BP and CHD (p=O.QQ5), as well as pulse pressure 
and CHD (p=0.004). Both systolic BP and pulse pressure were associated with CVD 
(p<0.05). Pulse pressure was more strongly associated with PVD than was systolic 
BP (p<0.01 and p< 0.05, respectively). After adjustment, total cholesterol (TC) and 
LDL cholesterol were associated with SBP (p<0.001 and p< 0.05, respectively). 
Recursive partitioning identified TC and HDL cholesterol as the most important 
variables associated with pulse pressure after age. 

Conclusions: This study demonstrates an association between CVD, PVD and CHD 
with a surrogate measure of increased arterial stiffness. Pulse pressure may be a more 
appropriate and sensitive clinical outcome measure for the assessment of hypertension 
in people with Type 2 diabetes. 
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1 , 5 -Anhydro-D-glucitol (AG) - marker of glucose excursions - in patients w ith 

advanced coronary heart disease. 

M. Szymanska, H. Winiarska, M. Dworacka, K. Szczawtnska, B. Wicrasz-Wysock . 
Karol Marcinkowski University of Medical Sciences in Poznan, Department of 
Pharmacology. 


Objective: [Decreased serum 1 ^Anhjdro-D-glucitol (AG) has been reported in diabetic 
humans. The reduction of AG has been sensitively and specifically demonstrated in diabetes 
meffitus as an effect of impaired gfyraemic control within 2-3 days preceding estimation. The 
data are consistent with the hypothesis that daily excursions of gfyeaemia play a pathogenic 
role in the advance of coronary heart disease. Recently unrecognized subtle changes in daily 
gfyeaemia predispose the heart to failure, after ischaemia-induced remodeling, and 
arteriosclerotic plaques to instability and rupture. These changes act in conjunction with 
effects, driven ty hyperglycemia and diabetes, on the endothelium of large blood vessels, c.g. 
on nitric oxide release or on protein kimso-C ft activation. Design and Methods: 31 patients 
with coronary heart disease were involved into the study. The metabolic control parameters - 
fisting gfyeaemia, glycated hemoglobin A[C and fee new short-term marker of 
hypergiycaania - anhydrogluchol (AG), cholesterolaemia, trigjcaydaemia were estimated. 
Additionally fisting serum concentration of proinsulin, insulin, C-peptide were estimated. 
Proinsulin, insulin, C-peptide level and HhAiC were determined using ELISA . 
Anhydroglucitol levd was estimated enzymatically by Yaabudii method in cur own 
modification. 

Results: Metabolic markers values were respectively: cholesterolaemia, triglicaydaemia 
insignificantly increased, fisting glycaexnia, glycated hemoglobin A,c - were within normal 
range, while AG level was significantly decreased £12,9 ± 5,8 mg/1] comparing with 
references value. Fasting serum proinsuILn concentration was within normal range, C- 
peptide level insignificantly increased and insulin level increased. Conclusions: Meticulous 
glucose control early cn and rapid rccompensation of hyperglycemia in patients with 
coronary syndrome are a part of successful intensive multifictcrial approach to prevent fee 
heart converting from ailing to filling. The routine used parameters of glycaemic control 
(fisting glyeacmia, glycated hemoglobin Aic) are often insufficient for complete 
characteristic of daily glycaania. The serum l^-Anhydro-D-gludtol concentration may be 
useful as an indicator of glyconic control in this patients. 


IMPAIRED CORONARY FLOW RESERVE IN PATIENTS WITH TYPE 2 
DM OR IMPAIRED FASTING GLUCOSE 

T. Janatuinen, K. Larmola, J. Knuuti, J. Kemppainen, K. Stolen, F.A. Lonnqvist, 
J.S.A. Viikari, T. Ronnemaa, and P. Nuutila. Turku PET Centre, and Department of 
Medicin, Turku University Central Hospital, Turku, Finland. 

Background and Aims: Diabetes mellitus is associated with vasomotor dysfunction. 
However, it is not known whether both the prediabetic state of impaired fasting 
glucose (IFG) and type 2 DM reduce coronary flow reserve (CFR), and whether this 
is related to the lipid profile of these patients. 

Materials and Methods: We measured myocardial blood flow in 12 middle-aged 
patients with dietary treated type 2 DM, 12 patients with IFG and 8 age-matched 
healthy controls with positron emission tomography (PET) using 150-water at rest 
and during dipyridamole induced hyperaemia. CFR was calculated as the ratio of 
hyperaemic flow to resting blood flow. 

Results: When compared to the control group, CFR was 37% lower in the type 2 DM 
group (2.7+/-1.1 vs 4.2+/-1.1, p<0.01) and 23% lower in the IFG group (3.3+/-1.1 vs 
4.2+/-1.I, p<0.05). An inverse correlation was found between glycemic control as 
measured by fasting plasma glucose (p<0.02) or HbAlc (p<0.01) and CFR. Total 
cholesterol (TC) and LDL cholesterol levels were slightly lower in the type 2 DM and 
IFG groups compared to the control group, and the HDL/TC ratio did not differ 
between the groups. Triglyceride levels were higher in the type 2 DM and IFG groups 
compared to healthy controls. After adjusting for triglycerides, the difference in CFR 
remained significant between the type 2 DM and control groups (p<0.05). 
Conclusions: Both type 2 DM and IFG impair coronary flow reserve. This 
impairment is related to glycemic control, but it is not directly related to the lipid 
profile of these patients. 
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Myocardial inotropic fuction is related to insulin sensitivity in type 2 diabetic 
patients 

A. Natali, M Kozakova, E. Toschi, C. Morizzo, F. Vittone, C. Palombo, E. 
Ferrannini. Dept. Int. Med, University of Pisa, Italy 

Background and Aims: In type 2 diabetic patients, non-ischaemic left ventricular 
(LV) dysfunction is more prevalent than in non-diabetic subjects. LV dysfunction 
may result from the metabolic alterations of diabetes. We tested whether in type 2 
diabetes insulin resistance is associated with a worsening of LV inotropic function. 
Materials aod Methods: Insulin sensitivity was measured by means of the 
euglycaemic hyperinsuJinaemic (40 mU/min/sqm) clamp technique. LV inotropic 
function was measured by means of two validated echocardiographic techniques: LV 
midwall fractional shortening (MFS) normalised to end-systolic wall stress 
(MFS/ESS, in percent) and by cyclic variation in backscatter ultrasound signal (CV, 
in decibel). Twenty-nine male and 4 female diabetic patients with no evidence of 
previous myocardial infarction and with normal LV chamber function endocardial 
fractional shortening = 40+2%) on standard echocardiography were studied. None 
was taking inotropic drugs. Nine patients had arterial hypertension and were treated 
with B-blokers (n=2), ACE inhibitors (n=6) and diuretics (n=l). Study group mean 
age was 58+2 yrs, duration of disease 7+1 yrs, BMI 28.4+0.7 kg/m A 2, HbAlc 
7.2±0.2%, and LV mass index 55+6 g/m A 2.7. 

Results: Insulin-stimulated glucose uptake (M) averaged (mean+SEM) 34+2 
gmol/min per kg of fat-free mass, MFS/ESS was 109+2%, and CV 6.0+0.2 dB. When 
patients were divided into tertiles of M (21+1,31+1 and 50+3 p mol/m in per kg of fat- 
free mass), the mean tertile values of MFS/ESS and CV were 105+3, 110+3, 114+4 % 
(p=ns by ANOVA) and 5.5+0.3, 5.8+0.3, 6.7+0.3 dB (p<0.03 by ANOVA), 
respectively. In univariate analysis, M was correlated with both MFS/ESS and CV 
(r=0.50, p<0.01 and r=0.64, p<0.0001, respectively). The association beween 
AIFS/ESS and M was unchanged (partial r=0.52) after adjustment for age, sex, BMI, 
hypertension (or anti-hypertensive treatment), duration of diabetes, HBAlc and LV 
mass index. In univariate analysis, CV was reciprocally related to diastolic blood 
pressure (r=-0.34, p<0.05) and BMI (r=-0.45, p<0.01). In multivariate analysis, only 
M remained independently associated with CV (partial r=0.51, p<0.01). 

Conclusions: In type 2 diabetic patients with normal left ventricular chamber 
function, insulin resistance is associated with impaired LV inotropic function. 


180 

A randomised double-blind placebo-controlled trial of a low dose continuous 
combined Hormone replacement therapy in women with ty pe 2 diabetes 

J Mckenzie, A MacCuish, S Gallacher, A Kelly, L Crawford, K Paterson, N Sattar 
Diabetes Centre and Department of Pathological Biochemistry, 4th Floor QEB, Glasgow 
Royal Infirmary, Glasgow G31 2ER. 

Background and Aims: Data on the effects of oral oestradiol alone in women with 
diabetes are encouraging with evidence of improved insulin resistance and glycaemic 
control. However, oral oestradiol alone can increase C-reactive protein (CRP), a marker 
of low-grade chronic inflammation, that is already elevated in diabetes as well as 
promoting pro-coagulants effects (increase FVTI), thereby leading to increased early CHD 
risk as in HERS. Further, most women require a combined preparation for endometrial 
protection but data on the metabolic effects of such preparation in diabetes are currently 
absent We performed a randomised double-blind placebo-controlled trial of a low dose 
continuous combined HRT (lmg 17-beta oestradiol and 0.5mg norethisterone acetate) and 
speculated that this preparation would not adversely influence metabolic control and may 
lessen likelihood of increase in CRP. 

Materials and Methods: 45 women were recruited and randomised to active treatment or 
matching placebo. Blood samples were taken at baseline and at 6 months for lipids, 
clotting, inflammatory and endothelial markers. In addition, we assessed glycaemic 
control and fasting insulin as a surrogate of insulin resistance. Serum hormones were also 
taken to confirm compliance with active drug or placebo. The women had mean ages of 
60.4 and 60.2 yrs, BMIs of 30.3 and 30.5 kg/m2 and HBA1 of 10.1 and 10.3%, in the 
active and placebo groups, respectively (P*NS). All categories of diabetes therapy were 
included (diet, oral hypoglycaemic and insulin). 

Results: There were no detectable changes in glycaemic control nor in cholesterol, 
triglyceride or HDL-choIesteroI. However, fasting insulin decreased by 15% in the active 
group (P^O.043 relative to change in placebo group), sensitive IL-6 decreased by 5% 
(P=0.027), factor VB decreased by 14% (P<0.001), tPA decreased by 12% (P=O.023) and 
VCAM-1 decreased by 23% (P=0.049), all MWU for comparison of change in active 
group versus change in placebo group. Further, CRP did not increase with active 
treatment. Conclusions: The low-dose continuous combined HRT preparation used in this 
study has overall beneficial effects in women with type 2 diabetes with significant 
improvements in several pathways related to vascular disease including vascular function, 
clotting, inflammation and perhaps also insulin resistance. Accordingly, future studies 
should address fee potential for this preparation to reduce risk of macrovascular disease in 
women with type 2 diabetes. 
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OXIDATIVE STRESS INDUCES PROTEIN DEGRADATION OF IRSI 
THROUGH A PI-3K DEPENDENT, UBIQUITIN INDEPENDENT PATHWAY 

R. Potashnik, A. Rudich and N. Bashan. Ben-Gurion University, Beer-Sheva, Israel 

Background and Aims Exposure to oxidative stress has been shown to induce- 
insulin resistance, as well as decreased IRSI content. The present study was 
conducted to investigate the mechanisms by which oxidative stress induces IRSI 
protein degradation. 

Materials and MethodsDifferentiated 3T3-LI adipocytes or the hepatoma cell line 
FAO cells were exposed for 2 h to 30 microM II202 generated by adding glucose 
oxidase to the culture medium. 

Results: Oxidative stress resulted in both cell types in decreased IRSI, but not IRS2 
content, an effect which could not be altered by the presence of cycloheximide, 
suggesting protein degradation as the major mechanism. Concomitantly, increased 
serine phosphorylation was induced by oxidative stress, as assessed by both anti-pSer 
antibodies and reversal of the gel shift retardaion in Western blot following alkaline 
phophatase reatment. While increased total protein ubiquitinilation (assessed by 
Western blot) could be documented in oxidized cells, the proteasome inhibitor 
lactacystin did not inhibit the reduction in IRSI content, while dramatically 
preventing the decrease in IRSI content which was induced by chronic exposure to 
insulin. Pre-treatment with GSH ethyl ester increased cellular GSH by approximately 
3-fold, but did not protect against neither IRSI degradation nor the impairment in 
insulin stimulated glucose uptake. Both the PI 3K inhibitor LY294002 and the mTOR 
inhibitor rapamycin prevented both the degradation of IRSI as well as its gel 
retardation. Yet, the MEK1 inhibitor PD98059 had no similar effect. 

CondusionsiExposure of adipocytes and hepatoma cells to H202 results in increased 
total protein ubiquitinilation, but inhibiting the porteasome system does not prevent 
IRSI degradation. Both the degradation of IRSI induced by oxidative stress, as well 
as its increased Ser phosphorylation, are PI 3K dependent. 
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INCREASED EXPRESSION OF PROTEIN KINASE C-0 IN MUSCLE OF 
PATIENTS WITH TYPE 2 DIABETES FOLLOWING A GLUCOSE LOAD 

S GRAY, I IDRIS, KR DAVIS and R DONNELLY Division of Vascular 
Medicine, University of Nottingham, and J. O’Neill Diabetes Centre, Southern 
Derbyshire Acute Hospitals Trust 

Background and Alms: In rodent models of insulin resistance, increased activity of 
protein kinase C (PKC), especially the calcium-independent isoforms (eg PKC-0), 
phosphorylate and down-regulate the insulin receptor and key insulin signaling 
enzymes, but there are no clinical studies investigating PKC pathways in human 
skeletal muscle. 

Methods: Male patients with type 2 diabetes (T2DM, n=7) and age-matched non- 
diabetic controls (n=8) attended the clinical research unit on two occasions, 1-week 
apart, for (I) measurement of insulin sensitivity using the euglycaemic 
hyperinsulinaemic clamp; and (2) a muscle biopsy (vastus lateralis) 2h after an oral 
75g glucose challenge. RT-PCR analysis was undertaken to semi-quantitatively 
assess expression of PKC-0 mRNA, relative to GAPDH, in diabetic and control 
subjects. 

Results: T2DM subjects were insulin resistant relative to controls (M = 3.0+0.4 vs 
8.6+0.8 mg/kg/min) and skeletal muscle expression of PKC-0 mRNA was 7-fold 
higher in patients with diabetes (0.63% + 0.25 of GAPDH mRNA) compared with 
controls (0.09% + 0.07% of GAPDH mRNA, p^O.03), but there was only a weak 
inverse correlation w-ith in vivo insulin sensitivity. 

Conclusions: Increased expression of PKC-0 mRNA in skeletal muscle of patients 
with T2DM confirms animal data showing that glucose-induced PKC activation is 
likely to contribute insulin resistance in diabetes. PKC-0 may mediate the link 
between muscle triglyceride content and insulin resistance. 
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Transgenic Mice with Dominant Negative PKC-tbeta in Skeletal Muscle: a New 
Model of Insulin Resistance and Obesity 

C. Serra, A. Buongiomo, M. Pascuccio, S. Morelli, E. Sagratella, M. Bouche and A. 
Giaccari 

Dip. Istologia Embriologi3 Medica, Univ. "La Sapienza"; Clinical Biochemistry, 1st. 
Superiore di Sanita; Endocrinology, UCSC, Rome, Italy 

Background and Aims: PKC-theta is a novel member of the PKCs superfamily that is 
specifically expressed in skeletal muscle (and hematopoietic cells) but not in other insulin- 
sensitive tissues (e g., adipose tissue). Its expression, intracellular localization, and activity in 
the skeletal muscle is insulin-regulated, and correlates with insulin action, while its actual role 
in the regulation of insulin sensitivity is still not defined. 

Materials and Methods: Wc produced transgenic (TG) mice that express a dominant negative 
mutant form of PKC-theta (the kinase-dead mutant form K/R) undo" the control of the skeletal 
muscle specific enhancer of the desmin promoter, therefore with the activity of PKC-theta 
specifically inhibited in all skeletal muscle fibers. TG mice were compared w ith age matched 
control wild type control mice (C), housed in identical cages and fed ad libidum with the same 
standard chow. 

Results: When examined at 4 months of age, TG mice displayed normal weight (~ 30 g), a 
slightly increased (but not statistically significant) fasting insulin concentration (0.20+0.03 vs. 
0.13+0.03 ng/ml, TG and C respectively), fed insulin and comparable glucose tolerance (i.p. 
glucose tolerance test), either in terms of glucose or insulin concentrations. Insulin tolerance 
test (i.p. insulin), however, showed reduced insulin sensitivity in TG mice. After the fourth 
month of age, TG mice started to rapidly gain weight, reaching, at 11-13 months, a mean 
weight of 56+1.5 g (35+1.7 g in 8ge matched C, p<0.001), with macroscopically evident 
accumulation of fat both subcutaneously and in visceral depots. At this age, moderate to severe 
hyperinsulinemia developed in TG mice (fasting: 0.47+0.08 vs. 0.26+0.03 ng/ml, p<0.05; fed: 
5.5+1.0 vs. 2.2+0.8 ng/ml, p<0.03; 30' afto ipGTT 1.20+0.37 vs. 0.50+0.05 ng/ml, p<0.05) but 
still near to normal glucose tolerance (plasma glucose 30' after ipGTT 371+33 vs. 324+50 
mg/dl, p=NS). 

Conclusions: These data strongly suggest that PKC-theta is not only regulated by the insulin 
signal cascade, but also that its expression and activity profoundly affects insulin sensitivity-. 
Finally, this new TG model suggests that a mildly reduced insulin sensitivity, experimentally 
induced only in skeletal muscle, might cause modest hyperinsulinemia which in turn diverts 
nutrients toward other insulin-sensitive tissues (adipose tissue), with the final outcome of 
severe obesity and (partially secondary) severe insulin-resistance. A similar mechanism 
(skeletal muscle less insulin sensitive than adipose tissue) might be proposed in human obesity 
and, finally, in diabetes mcllitus. 
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Long-term administration of A ICAR redaces metabolic disturbances and lowers 
blood pressure level in animals displaying features of the insulin resistance syndrome 
E. S. Buhl, N. lessen, A. Flyvbjerg, O. Pedersen, O. Schmitz and S. Lund 
Medical Dept M, Aarhus University Hospital, Aarhus and Steno Diabetes Center, 
Copenhagen, Denmark. 

Background and Aims: The insulin resistance syndrome (IRS) is characterized by several 
established or potential risk factors for cardiovascular disease. Chronic chemical activation 
of the AMP-activated protein kinase by the adenosine analog AICAR has been shown to 
augment insulin action, to up-regulate mitochondrial enzymes in skeletal muscles and to 
decrease the content of intraabdominal fat Furthermore, acute AICAR exposure has been 
found to reduce sterol- and fatty acid synthesis in hepatocytes. With background in the 
effects of chronic AICAR administration on muscle metabolism and abdominal fat 
together with the possible influence of AICAR on liver metabolism, the present study was 
undertaken to explore, whether long-term AICAR administration was capable of 
improving major disorders associated with IRS. 

Material and Methods: Obese Zucker (AICAR) rats were daily subcutaneously injected 
with AICAR (0.5 mg/g body weight) for 7 weeks. Obese controls were either pair-fed (PF) 
or fed ad libitum (AL). Lean (Lean) Zucker rats served as a reference group. Circulating 
levels of glucose, insulin, lipid and blood pressure were measured before and after 7 
weeks of treatment. Furthermore an oral glucose tolerance test (OGTT) was performed 
after 7 weeks of treatment and finally the post-treatment level of retroperitoneal and 
epididymal fat was determined to evaluate potential changes in fat content. 

Results: AICAR-administration normalized the oral glucose tolerance test and decreased 
fasting concentrations of glucose (5.95+0.11 mmoLl) and insulin (282+56 pmol/1) close to 
the level of the Lean-animals (glucose: 6.05+0.30 mmol! and insulin: 125+12 pmoLl), 
obese controls had significantly higher values (AL animals: glucose 7.35+0.44 mmol/1 and 
insulin: 1119+94 pmol/l and PF animals (glucose 7.25+0.44 mmol/1 and insulin: 1209+200 
pmol/1)). In addition, AICAR administration significantly reduced plasma triglycerides 
and free fatty acids, and increased HDL-cholesterol levels. Furthermore, AlCAR-treatment 
lowered systolic blood pressure and finally, AICAR treated animals exhibited a tendency 
towards decreased intraabdomina! fat content 

Coutent: Our data provide strong evidence that long-term administration of AICAR 
improves glucose tolerance, the lipid profile and reduces systolic blood pressure in an 
insulin resistant animal model. We propose the hypothesis that AMPK activation might be 
a possible future pharmacological strategy for treatment of features of the insulin 
resistance syndrome. 
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MECHANISM OF AMINO ACID INDUCED INSULIN RESISTANCE 
IN HUMANS 

M. Krebs, M. Krssak, E. Bemroider, P. Nowotny, C. Anderwald, A. Brehm, 
D. Steiger, E. Roth*, W. Waldhaus! and M. Roden 
Division of Endocrinology and Metabolism, Department of Internal 
Medicine III, and ‘Department of Surgery, University of Vienna Medical 
School, Vienna, Austria 

Background and Aims: Protein-rich diet may decrease insulin sensitivity 
(Linn ct at, Diabctologia, 2000). Thus, this study was designed to determine the 
effect of short term elevation of plasma amino acids (AA) on whole body 
glucose uptake and cellular mechanisms of insulin action in skeletal muscle. 
Materials and methods: Seven healthy men were studied for 5.5 h during 
euglycemic [5 mmol/l]-hyperinsulinemic [430 pmo!/l]-basaI glucagon [55 
ng/l]-somatostatin clamp tests in the presence of basal (~ 1.5 mmol/ 1 ) and 
increased (—4.0 mmol/I; infusion of a balanced mixture of 21 AA) plasma 
AA concentrations. To examine the metabolic pathways by which AA 
induce insulin resistance in humans the rate of muscle glycogen synthesis 
and muscular glucose- 6 -phosphate (G 6 P) concentrations were determined 
by 15 C- and 31 P-nudear magnetic resonance spectroscopy, respectively. • 
Results: A 2.6-fold elevation in plasma AA reduced rates of whole body 
glucose uptake by -25 % from 90 min on (P<0.01). Rates of muscle 
glycogen synthesis decreased to 38 % of control values between 180 and 
330 min (28±7 vs. control: 69±8 pmol/[kg min[; PO.01). Reduction of 
muscle glycogen synthesis by elevated plasma amino acids was preceded by 
a decrease in muscle G 6 P concentrations starting at -130 min 
(AG 6 PJ 60-300 mint 18±19 vs. control: 103±33 pmol/1; p<0.05). 

Conclusions: Plasma amino acid elevation induces skeletal muscle insulin 
resistance in humans by inhibition of glucose transport/phosphorylation 
resulting in marked reduction of muscle glycogen synthesis. 
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DECREASING INCIDENCE OF DIABETES-RELATED BLINDNESS IN 
WORKING AGE L\ THE PROVENCE OF TURIN. AGE-PERIOD-COHORT 
ANALYSIS OF TEMPORAL TRENDS IN 1968-1997 

M Porta, 1G Bruno, 2G Pietragalla, 3A Biggeri, M Maurino, F Pomcro, A Allione, M 
Trento, P Passer a, M Montanaro and 4F Merletti. Diabetic Retinopathy Centre, 
lDepartment of Internal Medicine, Turin University; 2ASL-Turin 2, 3Dept. of 
Statistics, Florence University; 4Unit of Cancer Epidemiology, Turin University. 

Background and Aims: Reducing diabetes-related blindness (DRB) by 1/3 over 5 
years was a target of the Saint-Vincent Declaration (SVD) but few data are available 
on the outcome of prevention programmes in Europe. This work aimed at assessing 
temporal trends of DRB incidence over 1968-97 in the Turin Province and 
establishing whether intensifying SVD-related activities in the area helped decrease 
DRB in 1993-97. Methods: Age-period-cohort analysis of data sourced from the files 
of the Provincial Agency granting blindness benefits. Results: Of 6801 incident cases 
of legal blindness (visual acuity £1/20) at age 3 35 (incidence rate 15.45/100,000 
person-years, 95% Cl 15.09-15.83), 785 were due to diabetic retinopathy 
(1.78/100,000 person-years, 1.66-1.91). DRB incidence rates increased linearly from 
calendar period 1968-72 to 1988-92. They declined in 1993-97 at ages 45-69 but 
continued to rise at *70. The relative risks of DRB in 1993-97 vs. 1988-92 w ere 0.64 
(0.49-0.82) for ages 45-69 and 1.11 (0.84-1.48) at *70. By contrast, incidence of 
blindness from all causes decreased in 1993-97 in all age groups, even when cataract, 
glaucoma and myopia were considered separately. The best fitting model, after 
correction for overdispersion, included a cohort effect (polynomial, degree two) for 
DRB and both a period (polynomial, degree five) and cohort effects (polynomial, 
degree two) for all-cause blindness. Conclusions: This is the first report on achieving 
an SVD target in a European area, with a 36% drop in DRB incidence in working age. 
Persisting DRB above age 70 suggests that prevention and treatment should now be 
targeted specially at older people. 
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Sympathetic Blockade increases Insulin-induced Vasodilatation and Glucose 
Uptake 

Cees I. Tack and David S. Goldstein. Division of General Internal Medicine, 
University Medical Center Nijmegen, The Netherlands and Clinical Neurocardiology 
Section, NINDS, National Institutes of Health, Bethesda, MD, USA 

Background and Aims: Insulin infusion causes both vasodilatation in skeletal muscle 
as well as sympathetic stimulation. The insulin-induced increase in sympathetic 
outflow may compensate and in part offset insulin-induced vasodilatation. Acute 
sympathetic activation induces insulin resistance. We hypothesised that blockade of 
sympathetic nervous outflow may unmask a stronger vasodilator effect of insulin. 
Because insulin-induced vasodilatation may support insulin-induced glucose uptake, 
blockade of the sympathetic nervous system may thus have a favourable effect on 
insulin sensitivity. 

Materials and Methods. Fourteen normal subjects were studied. Group 1 
(n=6)underwent repeated graded NicotinicN-receptor blockade with intravenous 
trimethaphan (TRI). In the first lest, autonomic blockade was attained over 60 min. In 
the second test, subjects underwent a euglycaemic hyperinsulinaemic clamp for 180 
min, the last 60 min combined with trimethaphan (INS+TRI). Group 2 (n=8)only 
underwent a clamp for 180 min (INS alone). Effects of INS+TRI on haemodynamic 
parameters and on tritium labelled norepinephrine (NE) kinetics were compared to 
effects of TRI alone and INS alone. Glucose infusion rate and forearm glucose uptake 
during INS+TRI was compared to INS alone. 

Results: Autonomic blockade with TRI expectedly and significantly decreased 
arterial and venous NE level, total body and limb NE spillover, and forearm vascular 
resistance (FVR, by 29+6%). Trimethaphan during insulin infusion (INS+TRI) 
decreased NE kinetic parameters as well, but to a lesser extend than during TRI alone. 
During INS+TRI, FVR decreased more than during TRI alone (by 59+8%, P<0.03 vs 
TRI) or INS alone. INS+TRI decreased diastolic blood pressure significantly more 
than TRI alone (10.5+2.4 vs 3.6+2.0 mmHg, P=0.02). Whole body glucose uptake 
was similar in both groups from 0-120 minutes, but increased significantly from 120- 
180 min during INS+TRI (autonomic blockade), compared to INS alone. Similar 
findings were obtained for forearm (skeletal) glucose uptake. 

Conclusions: Sympathetic post-ganglionic blockade unmasks a potent vasodilator 
effect of insulin in humans and increases insulin sensitivity. 
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DECREASING INCIDENCE DF DIABETIC NEPHROPATHY AND PROLIFERATIVE 
RETINOPATHY IN TYPE 1 DIABETES 

P. Hovind, L. Tarnow, P. Rossing, K. Rossing, $. Eising, N. Larsen, C. Binder and 
H-H. Parving. Steno Diabetes Center, Gentofte, Denmark, 

Background and Aims: Conflicting evidence of a so-called calendar effect on incidence of 
diabetic microangiopathy has been reported. To assess recent trends in the cumulative 
incidence of the severe microvascular complications in type 1 diabetes mellitus (DM), we 
analysed data from two long term prospective observational studies. Materials and 
Methods: Six hundred patients with onset of type 1 DM between 1965 and 1984, resided 
in Copenhagen, were followed to 2000 or until death. Patients were divided into four 
cohorts based on time of DM onset as shown in the table. Group A, B, C are prevalence 
cohorts identified in 1984 for a clinic based follow up study. Group 0 is an inception cohort 
of all newly diagnosed type 1 DM patients referred to our clinic. Results: After 20 years of 
DM, the cumulative incidence (life-table method) of diabetic nephropathy (persistent 
albuminuria >300 mg/Z4h) and proliferative retinopathy was reduced in patients with 
in creasing calendar year of diabetes onset, p< 0.001 respectively. _ 


Onset of DM 

n 

Cumulative incidence (95 % Cl) after 20 years of DM 



Diabetic nephropathy 

Proliferative retinopathy 

A: 1965-1959 

am 

31.1% 122.5-39.7) 

32.0 % (23.4-40.6) 

B: 1970-1974 

MB 

27.6% (19.8-35.41 

30.3 % (22.2-38.41 

C: 1975-1979 

BlHi 

18.9% (10.9-26.9) 

20.1 % (11.9-28.3) 

0: 1979-1984 


14.7 % (8.7-20.7) 

10.5% 14.9-16.1) 


In the latter cohort (D vs. C vs. B vs. A), HbAlc was lower: 8.5 vs. 8.9 vs. 8.8 vs. 8.9 % 
(p < 0.01), time from onset of diabetes to initiation of antihypertensive treatment was 
shortened: 13.3 vs. 13.9 vs. 14.8 vs. 16.9 years (p < 0.001), mean BP reduced: 95.4 vs. 
98.4 vs. 100.1 vs. 102.5 mm Hg (p <0.001), and the prevalence of smokers decreased: 45 
vs. 65 vs. 54 vs. 69 % (p <0.001).'Conclusions: During the past decades the cumulative 
incidence of diabetic nephropathy and proliferative retinopathy has decreased in type 1 DM. 
Improved glycaemic control, early aggressive antihypertensive treatment, lower BP and 
reduced prevalence of smoking may all contribute to the beneficial findings. 
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Title: THE RELATIONSHIP BETWEEN SOLUBLE E-SELECTIN AND 
MICROVASCULAR COMPLICATIONS IN TYPE 1 DIABETIC PATIENTS 
S.S. Soedamah-Muthu, N. Chaturvedi, C.G. Schalkwijk, JJL Fuller and C.D.A. 
Stehouwer, on behalf of the EURODIAB PCS Group. University College London, 
1-19 Torrington Place London, WCIE 6BT, UK. 

Background and Aims: E-selectin is expressed on activated endothelium. Soluble 
E-selectin (sE-selectin), possibly cleaved from the cell surface, is raised in diabetic 
patients. Very few prior studies examined the relationship between sE-selectin and 
microvascular complications. The aim of this study is to examine whether sE- 
selectin is independently related to microvascular complications. Materials and 
Methods: A nested case-control study was conducted using 539 type 1 diabetic 
patients of the EURODIAB Prospective Complications Study (PCS). The mean age 
at follow-up was 40 years and the duration of diabetes 22 years. Retinopathy was 
assessed by centrally graded retinal photographs. Albumin excretion rates (AER) 
were measured centrally from 2 overnight urine collections and albuminuria was 
defined as an AER>20 jig/min. Concentrations of sE-selectin were measured in 
duplicate by enzyme-1 inked immunosorbent assay kits (R&D systems). Results: sE- 
selectin was significantly correlated with WHR, diastolic blood pressure, HDL- 
cholesterol, creatinine, but mostly with HbA !e (0.26, p=0.0001). Univariate models 
showed that increased levels of sE-selectin (> 41 ng/ml) were related to retinopathy 
(OR=2.I, p=0.0005) and albuminuria (OR= 2.1, p=0.0003). After adjustment for 
HbA ic, the relationships between sE-selectin and retinopathy (OR= 1.4, p=0.12) and 
between sE-selectin and albuminuria (OR*1.5, p=0.09) were less strong and no 
longer statistically significant. Other confounders did not attenuate the relationship 
between sE-sclectin and microvascular complications to the same extent The 
relationship between HbA k and retinopathy or albuminuria was not affected by 
adjusting for sE-selectin (OR* 1.8, p^O.OOOl). Conclusions: There is a strong 
relationship between sE-seiectin and diabetic microvascular complications, which is 
no longer significant after adjustment for HbA| C . The strong relationship betw een 
sE-selectin and HbA te supports the concept that sE-selectin is raised with poor 
glycaemic control, which may affect endothelial cell activity and subsequently 
microvascular complications. 
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Retinopathy 10 years after diagnosis of diabetes in young adults. 

M. Henricsson, G Sundkvist, The D1SS Study Group, Dept of Ophthalmology, 
Helsingborg and Dept of Endocrinology, University Hospital, Mai mo, Sweden 

Background and Aims: The question as to whether current clinical practise reduces 
the incidence of retinopathy has to be clarified. The Diabetes Incidence in Sweden 
Study Group (DISS) follows the incidence of diabetes in young adults. We have now 
followed up the development of retinopathy in those diagnosed 1987-88. The aim of 
the study was to establish the frequency of retinopathy 10 years after diagnosis of 
diabetes in young adults. 

Material and Methods: DISS includes all newly diagnosed 15-34 year old diabetic 
patients in Sweden. During 1987-1988, 806 patients were diagnosed and 582 of them 
(72%) agreed to be followed up 10 years later. Retinopathy data (alternative 
Wisconsin classification) were available in 523 patients. In 481 patients photographs 
taken at local hospitals were used in the assessment whereas in the remaining 42 
patients only ophthalmology data were available. 

Results: Ten years after diagnosis, 324 (38%) of 532 examined patients had 
retinopathy. The retinopathy was mild in 168 (32%), whereas 24 (5%) had moderate- 
severe non-proliferative retinopathy (KPDR) and 6 (1%) had proliferative retinopathy 
(PDR). Patients with retinopathy had a higher mean HbAlc; 8,1 (1,5) % than patients 
without retinopathy (6,8 (1,2)%; (p <0,001). Coded anonymous data were received 
from 57 patients who had refused to be followed up. Among non-participants 24 
(42%) had retinopathy; 15 (26%) had mild, 2 moderate-severe NPDR, and 6 patients 
(11%) had PDR. The prevalence of retinopathy was not increased in non-participants; 
however, the prevalence of PDR (p=0.002) was highest in non-participants. 

Conclusions: Despite modem treatment 40% of young adults develop retinopathy 
during the first 10 years of diabetes. Our observation that retinopathy was associated 
with high HbAlc value indicates that current treatment has to be refined. 
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GLYCEMIC EXPOSURE REQUIRED FOR DEVELOPMENT OF 
RETINOPATHY IN CHILDREN WITH TYPE 1 DIABETES 
S. Makimattila, P. Summanen, A. Schlcnzka, H. Erkkila and H. Yki-Jarvinen. 
Helsinki University Central Hospital, Helsinki, Finland 

Background and Aims: The degree of glycemic exposure required to observe 
clinically significant retina! changes is unknown. This prospective study was 
designed to determine the lifetime cumulative glycemic exposure (calculated as A Ie 
months) required for the development and progression and severity of retinopathy in 
type 1 diabetes (DM). 

Materials and Methods: 115 children under the age of 15 were followed since 
diagnosis of type 1 DM. Severity of RP graded from fundus photographs using 
modified Airlie House classification (ETDRS), glycemic control, blood pressure and 
UAER were assessed after duration of DM 11±1 yrs. These measurements were 
repeated 10 >ts later in 72 patients (M/F=40/32). 

Results: At the first examination, 34 (47%) had no RP (ETDRS 10), 35% had mild 
(ETDRS 15-23), and 13 (18%) moderate changes (ETDRS 31-43). Of those without 
RP, 22 remained such or developed only mild changes (ETDRS 15-23) during the 
10 yrs (Grl). Of those without RP or with mild changes, 22 progressed slightly 
(ETDRS 31-43) (Gr2). The rest 38, without RP or with minimal to moderate 
changes (ETDRS 10-43) progressed to moderately severe or pre-/proliferative RP 
(ETDRS 43-65) (Gr3). The groups were identical with respect to gender, age of 
onset and duration of DM, BMI, blood pressure, insulin dose and single HbA lc at 
both examinations. A, c months was highest (p<0.01) in Gr3 (657±33) vs Gr2 
(435±47) and Grl (376±39) at the first examination. Also the increase in A, c months 
during the following 10 yrs was highest (p<0.01) in Gr3 (562±38) vs Gr2 (315±26) 
and Grl (265±32). 

Conclusions: Significant progression of RP to moderately severe or 
prc/proliferative RP was observed after 1219±50 (HbA| e 5.1 ±0.2% over normal for 
20 yrs), development of moderate and mild RP required 750±65 and 641 ±59 A| C 
months (HbA lc 3.1 ±0.3% and 2.7±0.2% over normal for 20 yrs, respectively). 
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RESULTS OF THE FIRST-PASS OF AN ENGLISH DISTRICT WITH 
A DIGITAL-CAMERA-BASED RETINAL SCREENING PROGRAM. 
MW Savage’, NJC Martin*, HJ Smithurst’ and S Hashmi. Dept of 
Ophthalmology and’Diabetes, BuryHealthCare NHS Trust, Fairfield 
Hospital, BURY BL9 7TD and 'Dept of Diabetes, Royal Hallamshire 
Hospital, Sheffield S10 2JF. 

Background: The Bury and Rochdale Diabetic Screening Program 
began in April 2000. Materials and Methods: A Topcon TRC-NW5S 
non-mydriatic digital camera is used. Images are assessed by a 
trained Staff Grade in Ophthalmology and then stored on CD-ROM. 
The camera is moved between a single Health Centre in each 
Primary Care Group area. A seven-person team led by a Consultant 
Ophthalmologist runs the screening service. After checking of visual 
acuity four mydriatic digital images of each retina are taken. Results: 
Presently, 5274 diabetic patients identified from GP records have 
been invited for screening from a population of 303,280 (1.7%). Of 
these, 3700 attended (70.2%); 11.2% did not attend (DNA); 5.4% 
were attending ophthalmic services, were blind or refused to attend; 
and 13.2% were not screened for other reasons (eg. housebound). 
Outcomes were graded as: no diabetic retinopathy (NDR); 
background (BDR); pre-proliferative (PPDR); proliferative (PDR); 
maculopathy or ungradeable. The first wave of screening gave the 
following results from 3700 patients: 74.1% NDR; 20.8% BDR; 2.3% 
maculopathy; 0.7% PPDR; 0.8% PDR. This led to 256 patients 
(including ungradeable) being referred to the assessment clinic. Of 
these, 19 DNA’d, 40 required laser of whom 39 attended. Quality 
assurance measures have included internal and external review of 40 
patients’ photogaphs (1.1%). Conclusions: These data demonstrate 
that the community-based eye-screening program identifies unknown 
disease thereby preventing visual loss and is an effective way to • 
improve the management of this diabetic-microvascular complication. 
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DENATONTUM, THE MOST BITTER SUBSTANCE KNOWN, STIMULATES 
INSULIN SECRETION IN RAT PANCREATIC ISLETS AND H1T-T15 
CELLS 

GAV.G. Sharp, J. Mulvaney-Musa and S.G. Straub. 

Cornell University, Dept of Molecular Medicine, Ithaca, USA. 

Background and Aims: In taste cells, sweet and bitter tasting compounds are 
detected by G-protein linked receptors. In these cells, denatonium, the most bitter 
substance known activates the G-proteins gustdurin and transducin. As both 
gustducin and transducin are present in pancreatic beta-cells and have as yet no 
known function, we studied the effect of denatonium on insulin secretion. 

Materials and Methods: Rat pancreatic islets, isolated by collagenase digestion, and 
HIT-T15 cells were studied under both static and perifusion conditions. Insulin 
secretion was measured by RIA. Cyclic AMP was measured by RIA. Protein was 
measured by Bradford assay. Cell membrane potentials and currents were measured 
under current clamp or voltage clamp using either whole cell or perforated patch 
configurations 

Results: In rat pancreatic islets, denatonium had no effect on insulin secretion under 
basal conditions. However, denatonium potentiated glucose-stimulated insulin release 
in a concentration-dependent manner up to a maxi mal effect at 300 inicroM (n=5; 
PO.Ol). Similar results were obtained with the HIT-T15 cell. The response to 
denatonium was blocked by 1 microM norepinephrine (n=4; P<0.01), implying a 
physiological release mechanism, and by 1 microM nitrendipine (n=4; P<0.02), 
suggesting an action via L-type voltage-dependent Ca2+ channels. Denatonium did 
not affect cyclic AMP levels. Electrophysiological studies demonstrated that 
denatonium depolarized the HIT-T15 cells but had no direct effect on the L-typc 
channel currents, thus providing an explanation for the inhibitory effect of 
nitrendipine. The depolarization was due to closure of the KATP channel and 
activation of a DIDS-sensitive chloride conductance. 

Conclusions: Denatonium acts on the KATP channel and a chloride channel in its 
action to depolarize the beta-cell and stimulate insulin release. The signal transduction 
mechanisms underlying these novel effects remain to be elucidated. 
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Overexpression of Na/Ca exchange shapes stimulus-induced cytosolic Ca2+ 

oscillations in insulin producing BRIN-BD11 cells 

F. Van Eylen, O. Diaz-Horta, A. Barez, A. Kama gate and A. Herchuelz 

Background and Aims: In response to glucose, mouse B-cells display slow 
oscillations of the membrane-potential and [Ca2+]i , whilst rat B-cells display a 
staircase increase in these parameters. Mouse and rat islet cells differ also by their 
level of Na/Ca exchanger actiuty. The view that the inward current generated by 
Na/Ca exchange shapes stimulus-induced electrical activity and (Ca2+]i oscillations 
in pancreatic B-cells was examined in insulin producing BRIN-BD11 cells 
overexpressing the Na/Ca exchanger. 

Materials and Methods: BRIN-BD11 cells were stably transfected with NCX1.7, 
one of the exchanger isoform identified in the B-cell. Overexpression could be 
assessed'at the mRNA and protein level. 

Results: Appropriate targeting to the plasma membrane could be assessed by 
microfluorescencc and the increase in Na/Ca exchange activity. In response to K+-, 
overexpressing cells showed a more rapid increase in [Ca2+Ji on membrane 
depolarisation as well as a more rapid decrease of [Ca2+]i on membrane 
repolarisatioa Thus, while the rate of [Ca2+Ji increase averaged 10.1 ± 0.2 nM/s 
(n=94) in control cells, it averaged 17.8 ± 0.3 nM/s in NCX1.7 overexpressing cells 
(n=106, P<0.001). Likewise, the decrease in [Ca2+]i seen on membrane repolarisation 
was 7.0 ± 0.2 nM/s and 5.2 ± 0.2 nM/s, in overexpressing and control cells, 
respectively (P<0.001). The decrease also occurred about 30 sec earlier. In response 
to glucose and tolbutamide, control BRIN cells showed large amplitude [Ca2+]i 
oscillations. In contrast, overexpressing cells show ed a staircase increase in [Ca2+ji 
without such large oscillations. Diazoxidc-induced membrane hypcrpolarisation 
restored large amplitude [Ca2+]i oscillations in overexpressing cells. 

Conclusions: The present data confirm that Na/Ca exchange plays a significant role 
in the rat B-cell [Ca2+]i homeostasis, the exchanger being a versatile system allowing 
both Ca2+ entry and outflow. They show that the current generated by the exchanger 
shapes stimulus-induced membrane potential and (Ca2+]i oscillations in insulin 
secreting cells, the difference in electrical activity and [Ca2+]i behaviour seen in 
mouse and rat B-cells resulting in part from a difference in Na/Ca exchange activity 
betw ecn these 2 cells. 
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PKA-DEPENDENT AND -INDEPENDENT STIMULATION OF 
EXOCYTOSIS BY GLUCAGON IN PANCREATIC B-CELLS 
X. Ma, J. Galvanovskis and L.Eliasson, Department of Molecular and Cellular 
Physiology, Lund University, Lund, Sweden 

Background and Aims: Exocytosis in B-cells within intact islets is both more rapid 
and of greater magnitude than observed in isolated B-cells. Here we explore whether 
this difference can be accounted for by paracrine mechanisms exerted by glucagon 
secreted by neighbouring A-cells. 

Material and Methods: Exocytosis was measured in single B-cell as an increase in 
cell capacitance (• Cm) elicited by voltage-clamp pulses from -70 mV to 0 mV. 
Results: Depolarising pulses lasting 5-450 ms were applied under control conditions, 
in the presence of glucagons (10 nM) and the PKA-antagonist Rp-cAMPS (10 mM). 
In perforated patch recordings, glucagon increased • Cm elicited by a 100-ms pulse 
from 12±2 fF (n=10) to 34±9 fF (n=5; P<0.01), an effect that was not blocked by Rp- 
cAMPS. Glucagon had no effect during depolarisations shorter than 100 ms. A PKA- 
dependent component was observed during depolarisations • 200 ms. Similar results 
were obtained when exocytosis was elicited by a train of ten 500-ms depolarising 
pulses (I Hz stimulation). The total increase in membrane capacitance elicited by the 
train fell from 154±23 fF in the presence of glucagon to 52±16 fF (P<0.02) after 
addition of Rp-cAMPS. However, the • Cm evoked by the first pulse was unaffected 
by the PKA-inhibitor. Stimulation of exocytosis by intracellular application of 0.1 
mM cAMP during standard whole-cell recordings revealed a prominent and rapid 
cAMP-dependent component detectable within 30 ms (4±1 fF under control and 18±7 
fF) that was insensitive to PKA inhibition and fully depleted within 150 ms. At longer 
depolarisation, a secondary PKA-dependent enhancement was observed. 
Conclusions: Our data suggest that enhanced exocytosis in intact islets in pari can be 
attributed to the presence of glucagon. The action of glucagon involves both rapid 
(<150 ms) PKA-indepcndent and slow (>150 ms) PKA-dependent mechanisms. 
However, glucagon alone is insufficient to completely restore the rapid component 
suggesting the contribution of additional mechanisms. 
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Phosphorylation dependent intranuclear shuttling or PDX1 in pancreatic beta 
cells. 

L.J. Elrick and K. Docherty, Department of Molecular and Cell Biology, Institute of 
Medical Sciences, University of Aberdeen, Foresterhill, Aberdeen, AB25 2ZD, UK. 

Background and Aims: Insulin gene transcription is regulated partly through 
activation of the homeodomain transcription factor PDX1 by way of a signalling 
pathway involving both Ptdlns 3-ldnase and SAPK2/p38. Previous studies have 
shown that glucose, insulin and the cellular stress agent sodium arsenite can activate 
PDX1, promoting DNA binding. Following activation, PDX1 transfers from an 
inactive cytoplasmic form to an active form, permitting its translocation to the nucleus 
and stimulation of insulin gene transcription. The present study was undertaken to 
investigate the intranuclear trafficking of PDX1 in a human beta cell overexpressing 
PDX1 and in MIN6 cells. 

Results: Immunocytochemistry was used to localise PDX1 to the nuclear periphery 
in low glucose. Following stimulation with high glucose, PDX1 was present in the 
nucleoplasm. Nuclear translocation of PDX1 was time and dose responsive occurring 
within 10 minutes and 5mM glucose. Insulin and sodium arsenite also stimulate 
movement of PDX1 from the nuclear periphery to the nucleoplasm. In cells 
transferred between high and low glucose concentrations, PDX1 was found to shuttle 
rapidly between the nuclear periphery and the nucleoplasm. The effect of glucose and 
insulin on the nuclear localisation of PDX1 was inhibited by wortmannin and 
SB203580, confirming that a pathway involving Ptdlns 3-kinase and SAPK2 was 
involved, but was unaffected by PD098059 or rapamycin, inhibitors of the MAPK 
pathway and p70s6k respectively. Movement from the nucleoplasm to the nuclear 
periphery was inhibited by calyculin A and okadaic acid suggesting 
dephosphorylation dependent translocation of PDX1 was involved. 

Conclusions: These results demonstrate that PDX1 shuttles between the nuclear 
periphery and the nucleoplasm in response to changes in glucose and insulin 
concentrations and that these events are dependent on Ptdlns 3-kinase and SAPK2. 
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Wortmannin sensitive gene regulation by the transcription factor PDX-1 
mediates glucose dependent activation of the rat insulin-t promoter by glucagon¬ 
like peptide 1 

J. Seufert, T.J. Kieffer, F. Jakob. Medizinische Poliklinik, University of Wurzburg, 
Germany and University of Alberta, Edmonton, Canada 

Background and Aims: Glucagon-like peptide 1 (GLP-1) acts as an insulinotropic 
hormone in a glucose dependent manner to maintain insulin biosynthesis, gene expression, 
and secretion in pancreatic beta-cells. This has been proposed to be mediated through a 
cAMP dependent signalling pathway. In previous studies, however, we have obtained 
evidence that glucose dependent transactivation of the rat insulin 1 promoter by GLP-1 is 
not cAMP dependent Here we report that this effect of GLP-1 is mediated by the 
homeodomain transcription factor PDX-1 through a wortmannin sensitive signalling 
pathway. Materials and Methods: Glucose dependent signal transduction by GLP-1 was 
analysed in INS-1 beta-cells and human pancreatic islets by reverse transcription 
polymerase chain reaction (RT-PCR), Iuciferase reporter gene assays, gel shift assay, 
DNase I footprint assay and fluorescence microscopy using PDX-1-green fluorescent 
(GFP) fusion proteins. Results: In human islets we And induction of proinsulin mRNA by 
GLP-l (10 nM) at 11.1 mM but not at 2.5 mM glucose, and this induction can be inhibited 
by the PD kinase inhibitor wortmannin (10 nM). Glucose dependent transactivation of the 
rat insulin 1 promoter by GLP-1 is also inhibited by wortmannin in INS-1 beta-cells. In 
contrast, induction of proinsulin mRNA and promoter activity by the cAMP mimetic 
forskolin (10 uM) was not glucose-dependent Further, we demonstrate that the glucose 
dependent gene regulatory effect of GLP-1 is dependent on the presence of PDX-1 binding 
sites (A-elements) within the promoter. Results from fluorence immunocytochcmistiy, 
electrophoretic mobility shift assays (EMSA) and DNase 1 footprint analysis in INS-1 
beta-cells further indicate, that wortmannin inhibits GLP-1 mediated nuclear translocation 
and DNA-binding of PDX-1 in a glucose dependent manner. Conclusions: We provide 
evidence that GLP-1 dependent gene regulation in pancreatic beta-cells occurs t!trough 
both a cAMP dependent, glucose independent, pathway that maintains basal insulin gene 
expression, and a wortmannin sensitive PI3-kinase dependent signalling pathway, that 
involves the transcription factor PDX-1 and mediates glucose dependent proinsulin gene 
expression and may also mediate beta-cytotrophic effects of GLP-1 in the endocrine 
pancreas. These results contribute to the understanding of GLP-1 effects at pancreatic 
beta-cells, because GLP-1 analogues are currently being developed as treatment for 
diabetes mellitus. 
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Development of an in vitro model to investigate the stnicture/function 
relationship of the HLA-DQ6.2 molecule 

MA. Kelly, M.L. Rayner, C.H. Mijovic and A.H. Barnett, Division of Medical 
Sciences, University of Birmingham, Birmingham, UK 

Background and Aims: The HLA-DQ6.2 molecule (DQA1*0102/DQB 1*0602) 
confers natural protection against type 1 diabetes, but the HLA-DQ6.4 molecule 
(DQA1*0I02/DQB1*0604) does not These molecules are structurally similar, 
differing at only six amino acid residues in the beta peptide chain. Computer 
modelling studies have suggested that the disparate disease associations of DQ6.2 
and DQ6.4 may be attributed to amino acid differences at residues beta57 and 
bcta70. We have devised an in vitro model of the DQ6.2 molecule w hich will allow 
us to determine how these tw o residues affect the function of the molecule in the 
immune response and how this may influence its effect on disease risk. Materials 
and Methods: The DQA1*0102 and DQB 1*0602 alleles were cloned into the 
pCIneo expression vector. The DQB 1*0602 allele was subjected to site-directed 
mutagenesis at codons 57 and 70 to create two mutant alleles. Each mutant allele 
encodes a peptide chain in which a single amino acid residue has been substituted 
with the corresponding residue from DQ6.4. The appropriate DQB 1 allele (wild- 
type or mutant) was paired with the DQA1 allele and introduced into the HLA class 
II-negative B cell line, BLS-1, by electroporation. Stably transfected cells 
expressing DQ were isolated using magnetic beads and cloned by limiting dilution. 
Results: Three batches of transfected cells were successfully produced using this 
technique; a) those expressing wild-type DQ6.2, b) those expressing mutant DQ6.2 
with Val at residue bcta57 and c) those expressing mutant DQ6.2 with Arg at 
residue beta70. Conclusions: The methodology described above can be used to 
express DQ6.2 in isolation from other HLA class II molecules and permits the 
genetic manipulation of its structure. The transfectants created will be used to 
investigate the effect of each amino acid substitution on the function of the DQ 
molecule. The findings will help to determine how the structure of DQ6.2 is 
important for its role in conferring protection against type 1 diabetes. 
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Proinsulin biosynthesis is regulated at the level of mRNA translation and stability 
involving an RNA-protein interaction 

B. Wicksteed, C. Alarcon, C.J. Rhodes. Pacific Northwest Research Institute, Seattle, 
USA. 

Background and Aims: Proinsulin biosynthesis is regulated in response to glucose, in the short 
term (< 2 hours) through changes in the translation of the prerpoinsulin (ppl) mRNA and in the 
longer term (> 6 hours) through changes in ppl mRNA levels. Recently, we showed th3t the ppl 
mRNA untranslated regions (UTRs) are necessary for this translational regulation. The 5'UTR 
promotes translation as glucose levels rise, while sequences within the 3’UTR, that suppress 
translation at low gluocsc, arc overcome. Sequences within the 3’UTR were also shown to 
influence ppl mRNA stability. In the present study we extended our analysis of proinsulin 
biosynthesis by examining the role of ppl mRNA sequences that regulate the translation and 
stability' of the mRNA. 

Materials and Methods: Translation rates were determined by [ 35 S] methionine labelling, 
immunoprccipitation, gel electrophoresis and quantification by phosphoimaging. RNA levels 
were measured by RNAse protection assay. RNA gel-shifts were performed using 1 3? P]UTP 
labelled RNAs incubated with protein extracts with RNA-protcin complexes being resolved by 
native gel electrophoresis. 

Results: A recombinant adenovirus expressed an mRNA, in the P-cells of isolated rat islets, in 
which the ppl mRNA UTRs flanked the Iucifcrasc coding region. Islets infected with this 
adenovirus, cultured at 2.8 or 11.1 mM glucose showed that the ppl mRNA UTRs alone could 
confer glucose regulation of Iucifcrasc translation. Analysis of the ppl mRNA levels rcvcallcd 
that the rat preproinsulin gene promoters are resistant to aclinomycin D inhibition. Expression of 
an adenovirus encoding CMV promoter driven his-tagged prcproinsulin encoding mRNA allowed 
separation of endogenous and tagged prcproinsulin mRNAs. Actinomycin D inhibition of the 
CMV promoter showed that the stability of the lagged prcproinsulin mRNA was regulated in 
response to glucose. Since these and previous studies have implicated the 3’UTR in the regulation 
of ppl mRNA translation and stability RNA gel-shift analysis examined 3’UTR sequences for 
RNA-protcin interactions. A protcin/3’UTR interaction was detected and shown by competition 
and mutational analysis to be with a sequence conserved between mammalian ppl mRNAs 
(UUGAANNNAGC). This RNA-protein interaction was shown to be glucose regulated. 
Conclusions: These data show that proinsulin biosynthesis is regulated at the level of translation 
through elements in the ppl UTRs and by the stability- of the ppl mRNA. These processes are 
likely to be regulated by protein interactions, such as that which we have shown occurs in a 
glucose dependent manner with a conserved c/s-clcmcnt within the 3’UTR. 
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FIXE MAPPING OF THE NON-CLASS II HLA GENE ASSOCIATED WITH 
TYPE 1 DIABETES MELLITUS 

S Nejentsev (1.2,3), R. Veijola (4), M. Knip (2,4,5,6), O. Simell (2,3), O. Vaarala (6), 
H.K. Akerblom (6) and J. llonen (2,3). 1-Department of Medical Genetics, Wellcome 
Trust Centre for Molecular Mechanisms in Disease, University of Cambridge, UK; 2- 
JDF Centre for Prevention of Type 1 Diabetes in Finland; Universities of 3-Turku, 4- 
Oulu, 5-Tampere and 6-HeIsinki, Finland 

Background and Aims: Existence of non-DQ-DR genes associated with type I 
diabetes mellitus (T1DM) in HLA is now established. Recently we were able to 
localize a putative non-DQ-DR gene in the 240 kb of to the centromeric end of the 
HLA class I region. Candidate genes, HLA-B, HLA-C, MICA and MICB are located 
within this regioa Our goal is to study all SNPs in these highly polymorphic genes in 
order to find which one is associated with T1DM. 

Materials and Methods: 75 patients and 181 controls were stratified for the 
DR3/4(0404) genotype, and 241 patients and 354 controls stratified for the 
DR3/4(0401) genotype (all from Finland). These were matched in order to exclude 
the effect of strongly TIDM-associated DQ-DR genes. Genotyping is done by means 
of sequencing followed by sequence reads alignment using Staden package and 
manual base-call checking at the potential polymorphic sites. 

Results: So far SNPs of the MICA gene were studied in the DR3/4(0404)-stratified 
group of patients and controls. We were able to exclude 30 SNPs of 56 known to be 
present in exons 2, 3 and 4 as well as intro ns 2 and 3 of the MICA gene. Twenty of 
these SNPs were not polymorphic in the studied cohort, while 10 had rare minor 
alleles, which were not in linkage disequilibrium with the previously identified 
susceptible haplotype, marked by DRB1*0404 - B*39 alleles. 

Conclusions: Future study of the DR3/4(0401)-stratified group of patients and 
controls will allow comparison of the allele effect of the other 26 SNPs on DR4(0404) 
and DR4(0401) haplotypes and eventually exclude most of the SNPs in MICA gene 
as well as other candidate genes in the 240 kb HLA region. 
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A novel vitamin D receptor gene polymorphism confers susceptibility to type 1 
diabetes mellitus. 

M.A. Pani, K. Bieda, J. Wood, K.H. Usadel, K. Badenhoop. Department of Internal 
Medicine I, University Hospital Frankfurt, Frankfurt am Main, Germany 
Background and Aims: Autoimmune destruction of pancreatic beta cells causes type 
1 diabetes. Administering vitamin D prevents the onset of autoimmune diabetes in 
NOD mice. 1,25(0102 D3 decreases HLA class II expression on pancreatic beta cells, 
inhibits cytokine-mediated lymphocyte proliferation and subsequent islet invasion. 
Vitamin D’s immunomodulatory effects are mediated via its nuclear receptor (VDR). 
Known polymorphisms of the VDR gene were found to be associated with type 1 
diabetes in Caucasians and Asians. However, alleles conferring an increased risk for 
type 1 diabetes vary between Asians and Caucasians suggesting the known 
polymorphisms to be in a differential linkage with another potentially functional 
polymorphism. Recently, a novel Tru9I VDR polymorphism was discovered in intron 
8. The aim of this study was to further elucidate the role of genetic VDR variants in 
type 1 diabetes in general and of the novel Tru9I polymorphism in particular. 
Materials and Methods: 285 Caucasian pedigrees with an affected offspring were 
genotyped for two established (BsmI, FokI) polymorphisms and the novel Tru9I site 
using a PCR-RFLP approach. Allele and genotype frequencies were determined and 
pairwise linkage disequilibriums (LD) were calculated. Indirect haplotyping and 
(extended) transmission disequilibrium testing [(E)TDTJ was performed. Results: 
Observed allele frequencies were in accordance to previous reports (79.2% TT, 19.7% 
Tt, 11% tt) and linkage disequilibriums between the polymorphisms were low 
(LD=0.005-0.039). Allele V was significantly less often transmitted to affected 
offspring than expected (36 times transmitted vs. 59 times not transmitted; TDT: 
p=0.018). The overall transmission pattern of extended Bsml/Tru9I haplotypes 
differed significantly from expected values (ETDT: p=0.025). In general, alleles 
containing V were less often transmitted to diabetic offspring than expected (W: 25 
transmitted vs. 42 not transmitted, TDT: p=0.038; 'bfu‘ 10 transmitted vs. 21 not 
transmitted, TDT: p=0.048), but BsmI -and ~F(5kT'appear to contribute to this 
association only to a lesser extent. Conclusions: This study suggests the novel Tru9I 
VDR polymorphism to confer susceptibility to type 1 diabetes in Caucasians. Linkage 
analyses with additional VDR polymorphisms and functional studies are required to 
elucidate the role of this novel VDR variant and the potential of vitamin D analogues 
in preventing type 1 diabetes mellitus. 
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GENE EXPRESSION STUDIED BY cDNA MICROARRAY IN INSUI.IN- 
SENSITIVE TISSUES LN STREPTOZOTOCIN-INDUCED DIABETES 
H. Paivfirinne and H. Kainulainen. Institute of Medical Technology, University of 
Tampere, Tampere, Finland 

Background and Aims: Complete understanding of the mechanism of insulin action 
on cellular level is fundamental for understanding the etiology of insulin resistance in 
diabetes. For instance, the regulation of the mechanism of insulin-mediated glucose 
metabolism is not yet fully known. Therefore the aim of this study was to search for 
novel regulatory genes involved in the insulin-regulated glucose metabolism. The 
search was based on cDNA microarray. 

Materials and Methods: Male Sprague-Dawley rats were injected with 
streptozotocin i.p. (80 mg/kg) to induce type I diabetes. Seven days later the samples 
from control and diabetic skeletal muscle, cardiac and adipose tissues as well as liver 
were taken and used as RNA source. Derived cDNAs were hybridized to a rat gene 
filter (Research Genetics) containing both known genes and EST sequences, 
altogether 5184 transcripts. 

Results: Applying an expression difference factor 2, we found 934 down-regulated 
genes in insulin-deficient skeletal muscle and only one down-regulated gene in 
adipose tissue. Numbers of up-regulated genes were 9 and 6, respectively. Skeletal 
and cardiac muscle shared 5 down-regulated EST sequences and 3 known genes, 
which were lutropin-choriogonadotropic hormone receptor, sciatic nerve integrin beta 
subunit and a calcium-binding protein, the last being down-regulated in liver, too. 4 
EST seguences and 2 known genes (carboxypeptidase-a and ras-related GTPase 
Rab29) were down-regulated in diabetic skeletal muscle and liver. Munc 18-1 gene 
was down-regulated in cardiac muscle and liver. No mutual up-regulated genes were 
found in different tissues. 

Conclusions: These preliminary results that need to be confirmed by independent 
methods show the expected down-regulation of various genes due to insulin- 
deficiency. Further, the results suggest that cDNA-array analysis is a potential method 
for identifying genes involved in the metabolic disturbances in diabetes. 
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LINKAGE DISEQUILIBRIUM OF AN INTERLEUKIN-12 POLYMORPHISM 
(IDDM 18) IN DANISH TYPE 1 DIABETES FAMILIES. 

R. Bergholdt, G. Morahan, J. Jobannesen, O.P. Kristiansen, J. Nerup, F. Pociot, 
DSGD and DIEGG. Steno Diabetes Center, Gentofte, Denmark and The Walter 
and Eliza Hall Institute of Medical Research, Australia. 

Background and Aims. Interleukin 12 (IL-12) drives the differentiation of T- 
lymphocytes into the Thl-subset, characterized by production of cytokines leading to 
cell mediated immunity. In the NOD-mouse IL-12 has been shown to play a primary 
role in Type 1 diabetes (T1D) induction. Lately, based on the results from the NOD- 
mouse, a new human T1D susceptibility locus - IDDM 18 - has been identified, 
positioned near the IL-12 P40 gene ( ILI2B) on chromosome 5q33-34. Linkage to 
human T1D has been shown in the region and a polymorphic Taql site in the 3'UTR 
of this gene shows preferential transmission to T1D offspring, examined in an 
Australian and British family material. The polymorphism is biallelic. Increased IL- 
12 production has been shown for 1/1 homozygous compared to 2/2 homozygous 
people, in EBV transformed cell lines. The aim of our study was to test this 
polymorphism in a homogeneous Danish family material, in order to see if we can 
confirm the finding. 

Material and Methods. We typed 254 Danish T1D families, comprising 102 simplex 
families and 152 sib-pair families. PCR-amplification w-as used, follow ed by Taql 
digestion at 65® for 12 hours and analysis on 2% agarose gel. Data was analysed by 
transmission disequilibrium test (TDT) and Sib-TDT tests, addressing an eventual 
preferential transmission of one allele vs. another. 

Results. TDT revealed preferential transmission of allele 1 (99 vs. 70 transmissions of 
allele 2) to affected children. (Chi-square 4.98, p=0.026). Combining with the sib- 
TDT gave a Z' score of 2.35, p=0.019. 

Conclusion. The allele 1 of the IL-12 polymorphism in a Danish family material, 
confirmed preferential transmission to affected children, suggestive of linkage to T1D. 
Whether this variant itself represents the IDDM 18 susceptibility locus, or w hether it is 
in linkage disequilibrium with the real T1D causing variant is not known. As this 
polymorphism is considered an important putative marker for TID, it is important to 
confirm the involvement of the 1LI2B polymorphism in T1D in several populations. 
Additional functional studies are needed to define possible pathogenetic implications 
and potential future intervention strategies. 
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Common genes in type 1 and type 2 diabetes: Lessons from cross hybrids 
between diabetic BB and WOKW rats developing a metabolic-like syndrome. 

J. van den Brandt, B. Radovic and I. KlOting 

Department of Laboratory Animal Science, Medical Faculty, University of 
Greifewald, Karlsburg 

Background and Aims: It is well-known that type 1 and type 2 diabetes including 
facets of metabolic syndrome cluster in same families. This fact may be a hint for 
common genes. That prompted us to cross lymphopenic (Iddm2) BB/OK (RTlu 
=Iddml) developing an type I-like diabetes with non-lymphopenic WOKW rats 
(RTlu =Iddml) developing a polygenic, complete metabolic-like syndrome. 

Materials and Methods: (BB x WOKW)Fl hybrids were backcrossed onto diabetic 
BB/OK males resulting 152 first backcross hybrids (BC1) studied for diabetes 
occurrence up to an age of 30 weeks. To find out whether diabetogenic non-MHC 
genes mapped previously on chromosomes 18 (Iddm3), 6 (Iddm4) and 1 (Iddm5r) are 
diabetogenic genes of WOKW, 71 Iddm2 homozygous hybrids were genetically 
analysed with 29 microsatellites located on these chromosomes. 

Results: 56 out of 152 hybrids (37%) developed diabetes which were lymphopenic 
(Iddm2/Iddm2). Compared with the expected diabetes frequency of 25%, significantly 
more BCI hybrids developed diabetes (25% vs. 37%, p< 0.001). Around Iddm4 on 
chromosome 6 a significant difference in the allele distribution was found. More 
homozygotes than heterozygotes were diabetic ( p=.015). No significant difference 
was detected on chromosomes 18 and 1. However, hybrids heterozygous at Iddm5r 
on chromosome 1 developed significantly later diabetes than homozygotes (95±27 vs. 
81±19d;p<.03). 

Conclusions: These findings 1) confirm Iddm4 on chromosome 6, 2) suggest that 
WOKW gene on chromosome 1 (Iddm5r) does not protect but delay diabetes 
development, 3) support our hypothesis of common genes in typel and type 2 
diabetes. 
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New mouse models of Type II diabetes generated by random N-cthyl-N-nitrosourea 
mutagenesis. 

M E. Goldsworthy, E.Bentley, AToye. L.EIey, L.Moir, T.Hough, P.M.Nolan, J.Peters, 
P.Roby, S.Smythe, Z.Tymowska-Lalanne, SN.Spun, *AJ.Hunter S.D.MBrown and 
R-D.Cox. MRC Mammalian Genetics Unit, Medical Research Council, Harwell Didcot, 
Oxfordshire 0X11 ORD, UK. IDepartment of Biotechnology and Genetics, *Department 
of Neuroscience, GlaxoSmithKline, New Frontiers Science Park, Harlow, Essex, U K. 
Background and Aims: FI offspring of mutagenised males from the SB/Harwell 
mutagenesis program and a sensitised screen utilising insulin resistant knockout mouse 
strains (IR, IRS-1) were assayed for impaired glucose tolerance or diabetic phenotypes. 
Mice with a phenotype of interest were backcrossed for inheritance testing. Materials 
and Methods: FI mice were assayed using either free fed glucose concentrations or 
glucose tolerance tests (IPGTT). Mice were fasted overnight, a blood sample taken and a 
glucose load of 2g/Kg administered via IP injection; subsequent blood samples were taken 
over a 2 hour time course. DNA was extracted from tail biopsies and used for genetic 
mapping studies. For selected mutants, mice at 15 months of age were fasted, injected 
with insulin under a terminal anaesthetic and tissues removed for protein signalling assays 
and histology. Pancreata from these mice were fixed and serial sections obtained, H&E 
stained, and in-situ hybridisation of glucagon and insulin riboprobes carried out. Results: 
Fifteen male mice were identified from the Harwell mutagenesis program on the basis of 
high free fed glucose and crossed for inheritance testing. Two of these lines to date have 
been confirmed to segregate an impaired glucose tolerance phenotype and are currently 
being mapped. Analysis of Pancreata from one line indicates abnormal distribution of 
glucagon cells within the Islet To date six mice from the sensitised screen have been 
identified with impaired glucose tolerance using an IPGTT. These mice are cunently 
undergoing inheritance testing. Conclusions: At least two of the lines tested to date, 
GENA263 and GENA348 exhibit an autosomal dominant, sexually dimorphic, impaired 
glucose tolerance, suggesting that a random mutagenesis approach is successful in 
generating new Type H diabetes mouse models. Male mice in both lines exhibit impaired 
glucose tolerance, with GENA263 mice progressing into a type II diabetic phenotype with 
increased age. Female mice with normal body weight have normal glucose tolerance, only 
exhibiting impaired glucose tolerance with increase body weight We hypothesise that the 
impaired glucose tolerance observed in these mice is primarily caused by insulin 
resistance, therefore, further studies are underway to identify the extent and location of 
insulin resistance in these mice. 
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DIFFERENTIAL GENE EXPRESSION IN THE LIVER OF DIABETIC 
PSAMMOMYS OBESUS 

A. Southon, A. Sanigorski, A.E. Civitarese, K. Walder and G.R. Collier. 
Metabolic Research Unit, Dealdn University, Geelong 3217, Australia. 
Backcround and Aims : Psammomys obesus (Israeli sand rat) is a polygenic model 
of obesity and type 2 diabetes. Increased hepatic glucose production contributes to 
the hyperglycemia in diabetic animals, suggesting a central role for the liver in the 
development of type 2 diabetes in these animals. We hypothesized that diabetic 
animals had disturbances in w hole body fat and carbohydrate oxidation, and that 
these disturbances could be secondary to altered gene expression in the liver of 
diabetic animals. This study examined energy expenditure and substrate utilisation 
in P. obesus and identified genes differentially expressed in the liver of diabetic 
animals. Materials and Methods : 24-hr indirect calorimetry was used to determine 
energy expenditure and substrate utilisation in lean (n=10), obese 
(hyperinsulinemic, n=10), and obese/diabetic (n=10) P. obesus. Representational 
difference analysis (RDA) was used to identify genes differentially expressed 
between lean and obese/diabetic P. obesus (n=3 in each group). Differentially 
expressed genes were subsequently cloned and isolated. Results : Total energy 
expenditure was significantly elevated (p<0.05) in obese (139±22 kJ/day) and 
obese /diabetic (13315 kJ/day) animals relative to lean controls (10416 kJ/day). 
Fat oxidation was elevated in obese (0.710.1 mg/rnin) and obese /diabetic 
(0.810.1 mg/min) animals relative to lean controls (0.410.1 mg/min), reaching 
statistical significance (p<0.05) in obese/diabetic animals only. After RDA, 96 
clones were selected, of which 6 were identified as up regulated and 5 were down 
regulated in livers obese/diabetic animals relative to lean controls. The 
relationship between these genes and energy metabolism in P. obesus is currently 
being investigated. Conclusions : Energy expenditure and fat oxidation were 
significantly increased in obese/diabetic animals relative to lean controls. 11 
differentially expressed genes were identified in the liver of diabetic animals that 
may contribute to disturbances in energy metabolism. 
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HYPOTHALAMIC BEACON GENE EXPRESSION AND THE 
DEVELOPMENT OF OBESITY AND TYPE 2 DIABETES 

K. Walder 1 , E. Ziv 2 , R, Kalman 2 , K. Whitecross 1 , E. Shafrir, P. Zirrnmt 3 and G.R. 
Collier 1 . 'Metabolic Research Unit, School of Health Sciences, Dealdn University, 
Waura Ponds, Australia. 2 Diabetes Research Unit, Hadassah University Hospital, 
Jerusalem, Israel, 'international Diabetes Institute, Caulfield, Australia 
Backeround and Aims: Beacon is a recently discovered hypothalamic 
peptide involved in the regulation of energy balance. The beacon gene 
is overexpressed in the hypothalamus of obese animals in proportion to 
body fat content, and ICV administration of beacon resulted in a dose- 
dependent increase in food intake and body weight. To further 
elucidate the physiological mechanisms of beacon action, we 
measured hypothalamic beacon gene expression at various 
developmental stages in genetically selected diabetes-resistant and 
diabetes-prone Psammomys obesus fed varying diets. Materials and 
Methods: Hypothalamic beacon gene expression was measured using 
Taqman™ fluorogenic PCR in 4-, 8- and 16-week-old animals from 
each genetically selected line. Results: Beacon gene expression was 
elevated in the diabetes-prone compared with diabetes-resistant 
Psammomys obesus at 4 weeks of age (p=0.018) despite no difference 
in body weight between the groups. At 8 weeks of age, hypothalamic 
beacon gene expression was elevated in diabetes-prone animals fed a 
high energy diet (p=0.004), and was correlated with serum insulin 
concentration (^=0.65, p<0.001). Conclusions: Psammomys obesus 
with a genetic predisposition for the development of obesity and type 2 
diabetes have elevated hypothalamic beacon gene expression at an 
early age, suggesting that overexpression of beacon may contribute to 
the development of obesity and insulin resistance in these animals. We 
are currently conducting a range of studies to further investigate the 
role of beacon in the regulation of energy balance. 
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Sex-specific and sex-independent quantitative trait loci (QTLs) for facets of the 
metabolic syndrome in WOKW rats. 

I. KlOting, P. Kovacs and J. van den Brandt 

Department of Laboratory Animal Science, Medical Faculty, University Greifswald, 
Karlsburg, Germany 

Background and Aims: WOKW rats develop a complete metabolic syndrome 
closely resembling human disease. Since genetic studies using male (WOKW x 
DA)F2 progeny showed that several independent genetic factors were involved a 
polygenic basis for the syndrome in WOKW was assumed. However, because the 
metabolic syndrome in human clearly demonstrates sex differences wc have extended 
our study to include both male and female (WOKW x DA)F2 progeny. 

Materials and Methods: 140 female F2 hybrids were phenotypically characterised 
for body weight, BM1, adiposity index, serum lipids, insulin, leptin and glucose 
tolerance at an age of 28, 30 and 32 weeks. 126 microsalellite markers were used in a 
genome-wide scan of F2 hybrids. Genetic linkage maps and the location of QTLs 
were determined with the MAPMAKER computer package. 

Results: Comparing findings ofthesel40 females with those of 150 male F2 hybrids 
studied before male- or female-specific QTLs were mapped for body weight, BMI, 
adiposity index and serum insulin on chromosomes 1 and 5, serum triglycerides on 
chromosomes 4,7, 11 and 16, serum total and HDL-cholesterol on chromosomes 3,4, 
5, 10, and 17, serum leptin on chromosomes 8 and 16 as well as blood glucose and 
glucose tolerance (AUC) on chromosomes 3, 4 and 17. QTLs for both, males and 
females were only found for body weight on chromosome 1 and for serum total 
cholesterol on chromosome 3 and 10. 

Conclusions: These findings clearly demonstrate that there are sex-specific and sex- 
independent QTLs for facets of the metabolic syndrome in W'OKW rats. 



A 55 


209 

Dissection of genes for type 2 diabetes using consomic strains carrying 
diabetogenic chromosomes II and 14 from diabetic NSY mice 
N. Babaya, H. Ikegami, T. Fujisawa, H. Ucda, K. Nojima, M Itoi-Babaya, K. 
Yamada, M. Shibata*, Y. Kawaguchi and T. Ogihara 

Department of Geriatric Medicine, Osaka University Graduate School of Medicine, 
Osaka, Japan; 'Department of Health, Aichi-Gakuin University, Aichi, Japan 

Background and Aims: The dissection of susceptibility genes for common 
multifactorial diseases, such as type 2 diabetes, is a formidable challenge. Using an 
inbred animal model for type 2 diabetes, the NSY mouse, we previously mapped two 
major QTLs (Niddln and Nidd2n) for glucose intolerance in large intervals of 
chromosomes 11 and 14, respectively. The aim of this study was to clarify the impact 
of these QTLs on diabetes-related phenotypes and to dissect a complex trait into 
genetic components. 

Materials and Methods: Using a marker-assisted "speed" congenic strategy, we 
established two consomic strains, C3H.NSY-chrl 1 and C3H.NSY-chrl4, in which 
whole diabetogenic chromosomes (11 and 14, respectively) from the NSY mouse 
were introgressed onto the control genetic background (C3H). Diabetes-related 
phenotypes of the two consomic strains were compared with the control C3H strain at 
48 weeks of age. 

Results: C3H.NSY-chrl 1 mice exhibited significantly higher blood glucose levels on 
fasting and after glucose challenge, significantly higher fasting insulin levels and 
lower insulin response to glucose than C3H mice. C3H.NSY-chrl4 mice showed 
significantly higher fasting insulin level than C3H mice, but their glucose tolerance 
was normal. Body weight and weight of epididymal fat pad of the two consomic 
strains were identical to those in control C3H mice, which were significantly smaller 
than those in NSY mice. 

Conclusions: Diabetogenic genc($) on the NSY chromosome 11 impairs glucose 
tolerance through both insulin resistance and insulin secretion, whereas that on 
chromosome 14 causes insulin resistance,-but nor glucose intolerance. Both QTLs 
cause insulin resistance independent of obesity. These data indicate that the power 
and importance of the consomic/congenic strategy in dissecting a complex trait into 
each genetic component. 
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POPULATION APPROACH TO ESTIMATE INSULIN SENSITIVITY AND 
GLUCOSE EFFECTIVENESS BY MINIMAL MODEL 
S Agbaje, R Playle, SD Luzio, AIS Albarrak, DJ Lunn, DR Owens, R 
Hovorka, City University, Llandough Hospital. Imperial College, UK 
Background and Aims: Individual analysis (IND) by minimal model of 
glucose kinetics fails in 5-20% cases. We have employed population 
hierarchical Bayesian modelling (POP) with the aim to avoid these failures. 
Materials and Methods: Data were analysed from 65 subjects with Type 2 
diabetes (male/female 53/12, age 54±1 years, BMI 30.5±0.7kg/m 2 ; 
meaniSE) who underwent frequently-sampled insulin-modified IVGTT 
(30samples over 180min; 0.3g/kg glucose, 0.05mU/kg insulin at 20 min). 

POP facilitates simultaneous estimation of individual and population 
parameters. WinBUGS program carried out probabilistic Bayesian inference 
using vague prior distributions. Results: POP gave estimates of insulin 
sensitivity S, in all subjects. IND failed in the 3 cases where POP-derived S, 
was the lowest and in one further case located in the lower quartile. POP 
and IND gave comparable and highly correlated estimates of S, (r,=0.98, 
P<0.001, N=61) and glucose effectiveness S r . (r.=0.77. P<0.001, N-65). 



N 

mean (95% Cl) 

lower 

quartile 

upper 

quartile 

interquartile 

range 

*POP-S, 

65 

1.07(0.82-1.36) 

0.57 

2.01 

1.43 

IND-S, 

61 

1.23 (0.97-1.56) 

0.67 

2.50 

1.84 

**POP-S G 

65 

1.53(1.41-1.65) 

1.31 

1.77 

0.46 

ind-s g 

65 

1.45(1.31-1.58) 

1.18 

1.71 

0.53 


*S, in 10 5 min'' per pmol L'; ”S G in loomin' 1 


Interquartile range given by POP was tighter by -20% for S, and by -15% for 
S G . Conclusions: Individual analysis of insulin-modified IVGTT data fails in 
subjects with low to very low S,. Population analysis is the method of choice 
as it avoids these failures and gives a smaller unbiased estimate of the 
population variance for both S, and S G . 
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EMBRYOS OF DIABETIC PARENTS ARE DESTINED TO DEVELOP 
DIABETES EVEN IF TRANSFERRED INTO THE UTERUS OF A NON¬ 
DIABETIC MOTHER. 

J.C. Alcolado, D. Adams, M. Lewis and R. Gill-Randall. Department of Medicine, 
University of Wales College of Medicine, Heath Paric, Cardiff, Wales, UK. 

Background and Aims: Genetic and environmental factors, including the intrauterine 
milieu, play a role in determining susceptibility to Type 2 diabetes. The aim of the 
current study was to assess the relative contributions of genes and intrauterine 
environment by embryo transfer technology. 

Materials and Methods: Female (diabetic) Goto Kakizaki (GK) rats were 
superoMilated by the inlraperitoncal injection of 5IU of pregnant marc's scrum 
followed 48-hours later by 5IU of human chorionic gonadotrophin. They were then 
mated with male (diabetic) GK rats and, the following morning, fertilized eggs were 
harvested from the o\iducts. Subsequently embryos were microsurgically transferred 
into anaesthetised Wistar (non-diabetic) females that had been rendered 
pscudopregnant by mating with vascctomised Wistar male rats. Pregnancies were 
allowed to go to term and the offspring studied after weaning. 

Results: A total of 47 offspring have been produced to date (litter size 3-8). Young 
offspring (n=46) had a mean plasma glucose of 7.1 mM (SEM 1,1) and adults (n=24) 
had a mean plasma glucose of 7.6 mM (SEM 1.6). This compares with mean glucose 
values of 7.1mM (SEM 0.2) and 8.8 mM (SEM 0.3) in young and adult GK offspring 
bom from their natural mothers (p>0.05). GK rats bom to their natural mothers and 
by embryo transfer had significantly higher plasma glucose levels than normal Wistar 
control rats (at 6-weeks, 3.5 mM (SEM 0.1) and at 4-months 4.6 mM (SEM 0.2), 
p<0.05). 

Conclusions: There w ere no significant differences in the glucose levels of young or 
adult rats w hether or not they had developed in a diabetic uterus. We conclude that in 
the GK rat, genetic factors outweigh the role of a nonnoglycacmic intrauterine 
environment in determining the blood glucose levels of offspring. The findings of 
this study imply that tight glycaemic control in gestational diabetes would not reduce 
the risk of diabetes in the offspring of parents w ho have transmitted pow erful genetic 
determinants of the disease. Complementary' experiments, in which the embryos of 
Wistar rats are reared in a GK uterus, are underway. 
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THREE INSULIN RESISTANCE INDEXES: COMPARISON AND THEIRS 
PREDICTIVITY FOR THE PARAMETERS OF METABOLIC SYNDROME 
E. Mannucci, G. Bardini, F. Roteila, and C. M. Rotella. Chair of Metabolic Diseases, 
Section of Endocrinology, Dept, of Clinical Pathophysiology, University of Florence. 
Viale Pieraccini 6,1-50134 Firenze, Italy. 

Background and aims: Recently, a new Insulin Sensitivity Index (1S1) based on 
glucose and insulin (ins) after a glucose load has been proposed (Matsuda & De 
Fronzo. 1999). We compared basal insulin (Ins), the HOMA index and ISI in the 
prediction of parameters of Metabolic Syndrome. Patients and methods: a 
consecutive series of 649 (549 F, 100 M) obese patients (BM1>30 kg/m 2 ) aged>18 
yrs, w ith no history of diabetes, not treated w ith drugs interfering w ith IS. Fasting and 
post-load glucose and ins, trygliceride (TRG), HDL cholesterol (HDLc) and blood 
pressure were measured. Prevalence of hypertension, hypertrigly ceridaemia (hTRG), 
and low HDLc in the upper quartile of ISI, HOMA, and Ins was compared to that of 
the lowest quartile. Results: Fhad an age of 46.0±13.6 yrs; and M of45.1±l5.4 yrs, a 
BMI of 3-1.7 (31.0-10.9) kg'm 2 in F, and 36.1 (31.4-11.4) kg/m 2 in M, a WIIR ofO.86 
[0.82-0.90] cm in F, and 0.92 [0.89-0.99] cm in M; the prevalence of diabetes (DM) 
was of 18.6% in F, and 12.0% in M, of IGT was 24% both in F and M, of 
hypertension (treated or not) was of 44.4% in F, and 56% in M, of hTRG was of 
39.9% in F, and 52% in M, of low levels of HDLc of 24:4% in F, and 17.0% in M. 
Glucose 0 and 120’ were correlated with HOMA and ISI (p<0.01), and weakly with 
Ins in F, and M (p<0.05); TRG were significantly correlated with the indexes studied; 
HDLc was significantly correlated with Ins in F, and M, while the correlation with 
IIOMA and ISI was statistically significant only in F. Hypertension did not show- 
significant correlations with the indexes. The RR (upper quartile vs. lowest quartile) 
for DM and IGT was 2.1, 3.8, and 4.9 in F, while in M was of 2.4, 4.3, and 4.9; RR 
for hTRG of 1.6,2.3, and 2.2 in F versus 5.4,6.8, and 5.4 in M; the RR for low HDLc 
was of 2.8,2.7, and 2.0 in F, and 3.4,2.7, and 3.4 in M; none of the three indexes was 
significantly predictive of hypertension. Conclusions: Ins and HOMA resulted to be 
similarly predictive for hTRG and low HDLc, while HOMA was more predictive of 
DM and IGT. ISI, which is highly correlated with HOMA, was not more predictive 
for the abnormalities of the metabolic syndrome when compared to the simpler and 
less expensive HOMA insulin resistance index. 
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Homeostasis model assessment (HOMA) as a clinical index for insulin 
resistance in patients with type 2 diabetes in comparison to the euglycaemic 
clamp 

T. Wiesner, M. Bluher, R. Paschke 

III. Medical Department, University of Leipzig, Germany 

Insulin resistance plays an important role in type 2 diabetes. The gold 

standard for the in vivo measurement of insulin resistance is the 

euglycemic hyperinsulinemic clamp technique. However, this technique is 

time-consumig, expensive and not suitable for epidemiologic studies. The 

Homeostasis model assessment (HOMA) was developed as a simple and 

inexpensive alternative to the more complex clamp technique. With the 

HOMA insulin resistance is calculated by the equation: degree of insulin 

resistance = fasting insulin (pmol/l)x fasting plasma glucose (mmol/1) / 

22.5. 

Our aim was, therefore, to evaluate, whether the determination of insulin 
resistance by HOMA can be used as an estimate of the degree of insulin 
resistance characterized by the euglycemic hyperinsulinemic clamp. 

We investigated 113 individuals with euglycemic hyperinsulinemic clamp, 
68 patients with impaired glucose tolerance and insulin resistance and 45 
insulin sensitive controls. In addition, body mass index (BMI), fasting 
plasma glucose, fasting insulin and C-peptide levels, and the plasma 
concentrations of free fatty acids (FFA), total-, HDL-, LDL-cholesterol and 
HbAlc levels were determined. 

For our insulin assay (MELA, ABBOTT) we calculated a HOMA of > 20 as 
insulin resistant (optimized by receiver operating characteristics (ROC)). 
The specificity of the model is 89.9% and the sensitivity 84.4% for our 
patients. The mean HOMA value was 80.17 ± 56 for individuals with 
insulin resistance and 14.82 ± 9.26 for insulin sensitive probands (p=0,01), 
respectively, as determined by the clamp technique. In conclusion, our data 
therefore suggest, that the HOMA is a suitable and simple method to 
reliably assess the degree of insulin resistance in epidemiological studies. 
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INSULIN SECRETION AND INSULIN RESISTANCE LN IMPAIRED 
FASTING GLUCOSE AND IMPAIRED GLUCOSE TOLERANCE 
SUBJECTS. 

E. Moro, P. Gallina, S. Pianetti, NL Pais and G. Bittolo Bon. II Department of Internal 
Medicine, Regional Hospital, Venice Italy. 

Background and Aims: Several epidemiological studies have shown that ADA and 
WHO criteria differ in the diagnosis of diabetes and hyperglicemia: in particular 
impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), the 
intermediate categories of these two criteria, differ substantially. The aims of the 
present study was to compare the values of insulin secretion and insulin resistance, 
measured in 160 IFG (group A), 113 IGT (group B) and 122 IFG and IGT subjects 
(group C), with the values measured in a group of subjects with normal fasting 
glucose and normal glucose tolerance, on a oral glucose tolerance test (OGTT)). 
Materials and Methods: Patients and controls, matched for sex, age and body mass 
index, were selected by a group of 1434 subjects (60% male, age 13-78 years), 
retrospectively evaluated, who were not known to be diabetics, who consecutively 
underwent a standard OGTT to establish their glucose tolerance. For all the subjects 
we calculated msulinogenic index (IRI30-fasting IRI/gIucose30-fasting glucose) a 
index of insulin secretion and HOMAIR (fasting IRI(mU/ml)x FBG (mmol/l)/22.5) an 
index of insulin resistance. Serum insulin was measured by radioimmunoassay (INSI- 
CTK, Dia Sonin Saluggia Italy). The intra assay coefficcnt of variation was <4% and 
the inter assay < 8.5%. 

Results: Insulinogenic index was lower in A, B and C groups in comparison with 
control group (group A: 0.39±0.30, group B: 0.36±0.26, group C: 0.34±0.26, control 
group: 0.57± 0.70, ANOVA p<0.01), without statistically significant differences 
among the three groups of patients. HOMAIR was significantly higher in A, B and C 
groups in comparison with control group (group A: 2.95±L67, group B: 2.95±2.33, 
group C: 3.42±1.5I, control group: 2.24±1.26, ANOVA p<0.0001), with a statistically 
significant difference between A and B groups in comparison with C group (p<0.02 
for both). 

Conclusion: Data of the present study have demonstrated that both IFG and IGT 
patients presented modifications of insulin secretion and insulin resistance which 
characterize prediabetic conditions. In particular these modification are increased in 
patients who are IFG and IGT at the same time. 
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EVALUATION OF INSULIN SENSITIVITY AND INSULIN RELEASE 
FROM ORAL GLUCOSE TOLERANCE TEST: BASAL STUDIES AND 
FOLLOW-UP OF IMPAIRED GLUCOSE TOLERANCE 
A.E. Pontiroli, P. Pizzocri, L.D. Monti, L. Luzi, G. Perseghin, A. Caumo, 
University degli Studi, H S Raffaele, Milano, Italy 

In order to derive from OGTT (75 g glucose with samplings at 0-60-120 
min) indexes of both insulin sensitivity (IS) and early insulin release (IR) in 
normal/impaired glucose tolerance (NGT, IGT) and type 2 diabetes (T2DM), 
OGTTs of 337 NGT, 180 IGT, and 78 T2DM subjects were analyzed. The 
IS index used was: I/HOMA [405/fasting insulin (pU/ml). glucose (mg/di)]; 
the IR index was: Ainsulin/Aglucose at 60 min. Values of IS were divided in 
quartiles for NGT, IGT, and T2DM subjects; for each quartile, early IR was 
calculated. Hyperbolic curves thus obtained were significantly different in 
NGT, IGT, and T2DM (Fig A). OGTT was repeated in 121 subjects after 
one year and a significant weight loss: GT changed from NGT to IGT in 7, 
and from IGT/T2DM to NGT. in 24. New values of IS and IR were 
concordant with the new classes. (Fig B). These data indicate:!) OGTT can 
be used to assess both IS and IR in different classes of GT, and for follow¬ 
up; 2) progressive and significant decreases of both IS and early IR are 
present in IGT and T2DM. 

Fig. A Fig. B 
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Hyperinsulinaemia and insulin resistance are strong predictors of restenosis 
following coronary stenting. 

PM. Piatti, G. Fragasso, C. Di Mario, LD. Monti, F. Sgura, E. Setola, G. Valsecchi, P. 
Lucotti, M. Moltrasio, F. Marchesi, G. Pozza, A. Margonato, A. Colombo. IRCCS H 
San Raffaele, Milan, Italy 

Background and Aims: Hyperinsulinaemia and diabetes mellitus are closely related 
to accelerated atherosclerosis. However, little is known about the importance of the 
metabolic alterations typical of Insulin Resistance Syndrome (IRS) in early restenosis 
after stenting in patients (pts) with coronary artery disease (CAD). 

Materials and Methods: Seventy seven pts (mean age 57*2 yrs and mean BMI 
27.1 ±0.5 kg/m2) were submitted to OGTT just before routine angiographic control 
after 6 months from coronary stenting. Pts had normal baseline glucose levels. IRS 
was defined as the presence of at least 3 of the following: hyperinsulinaemia, 
hypertriglyceridaemia, low HDL-cholesteroI, visceral obesity, impaired glucose 
tolerance (IGT) or type 2 diabetes mellitus. 

Results: IGT or type 2 diabetes mellitus were found in 43 pts, representing 56% of 
the whole population. Angiographic restenosis after stenting in multivessel CAD was 
found in 39 pts (51%). The presence ofIGT and type 2 diabetes was not different in 
pts with or without restenosis while IRS was present in 15 pts with restenosis (38%) 
and in 8 pts without restenosis (21%). Moreover, pts with restenosis had increased 
HOMA levels (2.3*02 vs 1.9*0.1, p<0.03), fasting insulin (9.4±0.7 vs 7.7A0.3 
pU/ml, p<0.04) and C-peptide levels (2.5*0.1 vs 2.0*0.1 ng/ml, p<0.003). 
Interestingly, insulin response after OGTT was significantly increased in pts with 
restenosis after stenting. In particular, 30 min insulin levels were 66.5±5.7 vs 
49.2*5.2 pU/mL; p<0.03 and 60 min insulin levels were 98.3*11.2 vs 74.3*5.6 
pU/mL; p<0.05. Moreover, insulin incremental areas were 7631.3*762 vs 
5628.9*423.8 pU/mL (0-120 min); p<0.02. At simple regression analysis, degree of 
restenosis at follow-up was positively correlated with fasting insulin (r=0.22, p=0.08) 
and C-peptide levels (r=0.29; p<0.02); insulin levels 30 min after OGTT (r=26; 
p<0.04), incremental insulin areas (r=0.27; p<0.03) and HOMA (r=0.30; p<0.02). 
Conclusions: Hyperinsulinaemia and insulin resistance are main predictors of 
restenosis after stenting in patients with CAD. 
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EFFECTS OF PREVIOUS RECURRENT HYPOGLYCAEMIA ON 
CLINICAL OUTCOME AND DISABILITY FOR STROKE IN DLABETIC 
PATIENTS. 

GF Maldonado,F. Marcos, AI Munoz,J. Rodriguez, J. Colas, MI Albo, A. Franco.A. 
Durin. Internal Medicine Dpi Hospital Ntra. Sra. del Prado. Talavera de la Reina, SPAIN. 
Background and Aims: Recurrent hypoglycacmia (RH) can appear as 
complication of intensive insulin treated type 2 diabetics. It has been described that 
RH could alTect synaptic transmission, neuronal metabolism and neurotransmitters 
levels. The aim of the study was to investigate the effect that RH could have on 
clinical and functional disability for stroke in type 2 diabetic patients. Materials and 
methods: Three groups of insulin treated type 2 diabetics affected of acute large- 
vessel occlusive stroke were retrospectively analized. Group 1 : Conventional insulin 
therapy, n=82, 49F.33M; aged 62.6±12.3 yrs, mean known diabetes duration 10.3 
±5.6 yrs. Group 2 : Intensive insulin therapy without clinical history of 
hypoglycaemia, n=39, 20 F,19\l; Aged 59.1± 10.3 yrs. mean diabetes duration 
8.4±6 yrs. Group 3 : Intensive insulin therapy with clinical history of documented 
RH. n= 20,9F,11M; Aged 60.119.8 yrs, mean diabetes duration 9.1±7 yrs. Clinical 
outcome in terms of neurological deficit was measured using Canadian Stroke Scale 
(CSS).Functional disability was measured using the modified Rankin scale(MRS). 
Data were collected at admittance after clinical stabilization, 6 and 12 months after 
stroke. HbAlc was determined at admittance. Data are show as meaniSD, 

1 ndepe ndent samples Hest was applied 

Group CSSO CSS6m CSS 12m _ MRS 0 MRS 6m _ MRS 12m HbA lc_ 

J_8.4511.23 9.06+1.23 9.55+0.86 1.82+1.1 0.4S±0.8f 0.2410.79 7.1511.4 

2 _ 7.8511.19 8.8710.96 9.4810.62 1,2410.91 0.3810.55 0.11+0.4 5.8510 85 

3 _ 6.8211.1* 7.811.43*3 8.8211.17 2.811.28* 1.7511.3*4 1.1511.1*3 5 11069* 

*p<0.05 group 1 vs group 3, # p<0.05 group2 vs group 3 

Results: Group 3 patients showed worse clinical outcome scores tliat reach 
statistical significance at admittance and 6 months that lose significance at time 12 
montlis. In terms of disability, group 1 and 2 show ed better functional scores at time 
6 and 12 months that reach statistical significance. HbAlc was significantly lower in 
RH insulin treated diabetics as expected. Conclusions: Recurrent hypoglycaemia 
could induce biochemical and functional changes in central nervous system 
homeostasis that affect clinical and functional recover)' after acute vascular injury 
and should be avoided. 
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Secondary prevention of coronary heart disease in diabetic and non-diabetic patients 
in 9 European countries. Findings from EUROASPIRE 1 and II surveys 
K.Pydra!a and EUROASPIRE 1 and n Study Group. Depl of Medicine, University of 
Kuopio, Kuopio, Finland 

Background and Aims: The aim of this study was to examine the trends in the clinical 
practice of secondary prevention of coronary heart disease (CHD) in diabetic and non¬ 
diabetic patients with reference to the therapeutic goals given in the 1998 Joint European 
Societies recommendations. 

Materials and Methods: The EUROASPIRE I survey was undertaken in 1995-1996 and 
the EUROASPIRE II survey in 1999-2000. Nine countries participated in both surveys. 
Consecutive patients aged less than 71 years with the following diagnoses - coronary 
artery bypass grafting, coronary angioplasty, myocardial infarction, and acute myocardial 
ischaemia without infarction - were identified from hospital records and invited for an 
interview and examination at least 6 months after hospitalisation. 

Results: In the EUROASPIRE I survey 641 (18.0%) of the 3,569 interview ed patients and 
in the EUROASPIRE II survey 740 (21.9%) of the 3,374 interviewed patients had 
previously diagnosed diabetes. Comparison of EUROASPIRE I and II data showed the 
following changes in the prevalence of lifestyles and risk factors among diabetic and non¬ 
diabetic patients: current smoking from 14.8% to 18.1% in diabetic and from 20.4% to 
21.6% in non-diabetic patients; obesity (BMI >=30 kg/m squared) from 34.2% to 44.4% in 
diabetic and from 23.3% to 29.5% in non-diabetic patients; raised blood pressure (systolic 
BP >=140 mmllg and'or diastolic BP >=90 mmllg) from 64.5% to 60.3% in diabetic and 
from 53.4% to 52.1% in non-diabetic patients; and elevated total cholesterol (>= 5 mmol/1) 
from 85.0% to 55.3% in diabetic and from 86.4% to 59.8% in non-diabetic patients. The 
use of cardiovascular drugs changed as follows: antiplatelet drugs from 81.8% to 82.2% in 
diabetic and from 81.0% to 84.3% in non-diabetic patients; betablockers from 52.0% to 
66.0% in diabetic and from 54.0% to 66.5% in non-diabetic patients; ACE inhibitors from 
43.2% to 52.0% in diabetic and from 26.5% to 40.0% in non-diabetic patients; calcium 
antagonists from 40.1% to 32.0% in diabetic and from 35.5% to 24.2% in non-diabetic 
patients; and lipid-lowering drugs from 28.6% to 64.0% in diabetic and from 32.8% to 
62.6% in non-diabetic patients. 

Conclusions: The adverse lifestyle trends and the unsatisfactory blood pressure and 
cholesterol control among both diabetic and non-diabetic CHD patients are a cause of 
concern. There is still a considerable potential in the lifestyle and risk factor management 
and some areas of prophylactic drug therapy among both diabetic and non-diabetic CHD 
patients. 
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EFFECT OF DIABETES AND ROSICLITAZONE ON MYOCARDIAL BLOOD 
FLOW. 

P.Reaven, Q. Chen, A Domb, R. Gerkin, H. Plummer and M. Lawson. Depl Medicine, 
Phoenix VAMC and Good Samaritan Hospital, Phoenix, USA 

Background and Aims: Vascular dysfunction as characterized by abnormalities in 
vasomotor tone appears to be an important and early predictor of future coronary artery 
disease (CAD). Perhaps as a consequence of hyperglycemia, insulin resistance and /or 
dyslipidemia, this abnormality has been reported in individuals with DM2. Because of the 
complexity of invasive evaluations of coronary blood flow, in the past most studies of 
vasomotor function in diabetes have been performed in peripheral arteries. We therefore 
undertook to measure myocardial blood flow (MBF) and its response to adenosine (Ad) 
and cold pressor (CP) induced vasodilation using positron emission tomography (PET). 
Material and Methods: PET scans of the heart have been performed at rest and during 
stress conditions in 16 men with type 2 diabetes (DM2) and 20 male healthy controls to 
date. DM2 were then treated with RosigJitazone at 8 mg/day for 6 months and repeat PET 
scans performed. Results: Control subjects were without clinical or laboratory evidence of 
diabetes, hypertension, CAD or dyslipidemia. DM2 subjects were older, had significantly 
higher levels of fasting blood glucose (FPG) (221 ±58 vs. 93*12, p<0.01) and 
triglycerides (251*104 vs. 134*44, p<0.05). Only 2 DM 2 subjects had either known CAD 
or evidence of lesions by PET. Resting MBF was higher in the subjects with DM2, 
reflecting differences in cardiac work and oxygen demand as indicated by their 
significantly greater heart rate-blood pressure product However, resting MBF w±as 
similar when normalized to the rate-pressure product In contrast, after Ad infusion, the 
increase in MBF or global myocardial reserve (GMR) was significantly greater in controls 
(4.73*1.02 vs. 2.79*1.05 ml/cc/mtn, p<0.001) and remained higher even when normalized 
to the rate-pressure product Differences in GMR were not explained by differences in age, 
lipid values or CAD prevalence; however, GMR was inversely correlated to FPG (r=-0.65, 
p<0.05). Six DM 2 subjects have completed rosiglitazone treatment to date and have had 
repeat PET scans during adenosine and CP conditions. In these individuals, MBF was 
increased compared to pre-treatment values during both ad (P=.06) and the CP test (p< 
0.05) and approached levels seen in the healthy subjects. Conclusions: These data confirm 
that individuals with DM2 have abnormalities of MBF that appear in part related to 
endothelial dysfunction. Initial data suggests that treatment with an insulin sensitizer may 
dramatically improve these abnormalities of MBF. These studies also confirm that PET 
methodology may provide a noninvasive and quantitative approach to evaluating 
interventions designed to improve MBF. 
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Insulin-induced increment of coronary flow reserve is dose-dependent. 

H. Laine, J. Sundell, M. Luotolahti, J. Knuuti, P.Nuutila, University of Turku, Finland 

Background: We have recently demonstrated that insulin acts as a vasodilatory 
hormone also in the coronary vasculature. This action is shown to be endothelial 
derived and blunted in insulin resistance. However, the mechanisms and mode of 
action in coronaries are not known. 

Methods: We quantitated myocardial blood flow, adenosine stimulated flow 
(adenosine 140 microg/kg/min) and flow reserve in 10 healthy men (age 33+/-7 years) 
using positron emission tomography and 0-15-water. The measurements were 
performed in the fasting state, during physiological (ImU/kg/min) and high 
supraphysiological (5mU/kg/min) insulin infusions and normoglycaemic conditions. 
Results: Physiological insulin infusion increased both the adenosine stimulated flow 
(from 3.63+/-1.61 to 4.41+/-1.76 mL/g/min, p<0.05) and the flow reserve (from 
4.62+/-1.51 to 5.58+/-1.38, p<0.01). High insulin infusion was able to further 
enchance both the adenosine stimulated flow (to 5.05+/-1.92 mL/g/min, p<0.05) and 
the flow reserve (to 6.5I+/-1.92, p<0.01). The effects could not be explained by the 
changes in systemic hemodynamics. 

Conclusions: The results demonstrate that insulin acts as a vasoactive hormone in the 
coronary vasculature and that this effect is dose-dependent in healthy subjects. 
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CLOSED-LOOP GLUCOSE CONTROL WITH IV GLUCOSE SAMPLING 
AND SC INSULIN INFUSION: EVALUATION BY SIMULATION STUDIES 

L.J Chassin, R.Hovorka, City University, London, UK 
Background and Aims: Fast acting insulin, improvements in continuous 
blood glucose monitoring and reliable insulin pumps have increased interest 
in the artificial pancreas. Extracorporal wearable artificial pancreas is likely 
to adopt SC-SC route (subcutaneous (SC) glucose measurement and SC 
insulin infusion). We investigated a simpler IV{intravenous)-SC route using a 
computer simulator (SIM). Materials and Methods: We evaluated safety 
and efficacy of Model Predictive Control (MPC) algorithm, which drives SC 
infusion of insulin Lispro based on IV glucose values measured every 15min 
to achieve and maintain normoglycaemia at fasting conditions. SIM 
represents subjects with Type 1 diabetes, includes a mode! of glucose 
metabolism, and a model of subcutaneous absorption and kinetics of Lispro. 
Simulations involved 18 "synthetic" subjects, who were followed overnight 
from 10pm to 8am with starting plasma glucose of Ilmmol/L. Results: 
Assuming 5% variation (VAR) in metabolic parameters, and a low to 
moderate measurement error (ERR) of 3, 5 and 8%, hypoglycemia 
(< 3.3mmol/L) occurred in one subject. Increasing ERR to 15%, six subjects 
recorded hypoglycemia, and in combination with 30% VAR eleven subjects 
presented hypoglycemia. Good efficacy was achieved with 5% VAR, and 3 
to 8% ERR. Settling time, defined as the time to reduce plasma glucose 
from Ilmmol/L to a target of 7.8mmol/L, was 197±11min (meaniSE). 
Average glucose from midnight and for the last 5 hours of the experiment 
was 6.4±0.1 mmol/L and 5.910.1 mmot/L, respectively. AUC of plasma 
insulin between midnight and the end of the test was 
9946±508mU/L.480min. Conclusions: Simulations demonstrate the ability 
of MPC to control plasma glucose in the presence of low to moderate ERR 
when adopting IV-SC route. The extent of VAR negatively influences the 
performance of MPC. 


222 

Point of Care Testing and Connectivity: Benefits of data transfer from bedside to 
information systems. 

Punka L . Kempc K. LifcScan Inc., Milpitas, CA, USA 

Background and Aims: Point of care testing is widely used in the healthcare 
environment. A major challenge has been integration of test results into host 
information systems such as Laboratory Information Systems (LIS), Hospital 
Information Systems (HIS) and Electronic Medical Records (EMR). Integration of 
POCT generated data into these systems is essential for several reasons: recording 
of and billing for reimbursement, managing data and measuring clinical outcomes 
as well as establishing and maintaining a quality POCT program. Materials and 
Methods: To encompass the variety of situations in w hich POCT devices arc used, 
a number of connectivity solutions are required. From de\icc to workstation, 
serial connections, modems or Ethernet connections are used to transmit data. 
From Workstation to LIS, scripted or (Electronic Data Interchange) EDI interfaces 
are essential. Outcomes from studies at several healthcare facilities that have 
implemented these solutions will be discussed. Outcomes measures include: 
improvements in compliance with quality control policies, improvements in 
compliance with policies regarding laboratory follow up on improvements in the 
ability to capture patient results for billing and reimbursement, improvement in the 
ability of the Point of Care Coordinator (POCC) to implement corrective actions 
for activities which require improvement and improvement in the quality of care 
for diabetic patients. Results: An example of the improvement in quality control 
compliance show ed that the number of operators performing quality control at 
required intervals rose form an average of 71.5% to greater than 90% over a three 
month period. An example of workflow improvement is the sa\ings of 6.6 to 9.2 
hours per month downloading an average of 1349 to 10,511 test results per month. 
An example of the ability to capture patient results for billing demonstrated that 
15.1% of bedside glucose results were not previous captured at a cost of $36,000 
annually. An example of the improvement in corrective actions is the reduction of 
the average time from occurrence of an error to contact with the nursing unit 
dropped from 36 days to 8 days. Conclusions: The power and flexibility of these 
systems allows healthcare facilities to optimize the application for their own 
unique needs. 



A 59 


223 

The Tayside Regional Diabetes Netw ork - A Diabetes Managed Ginical Network 
for Tayside and Scotland 

D.I.R. Boyle, S. Cunningham, A.D. Morris for the Tayside Regional Diabetes 
Network, Nincwells Hospital, Dundee, Tayside, Scotland. 

Background and Aims: Clinical effectiveness can be undermined by insufficient or 
inappropriate access to information. Policies like the WHO health for all in the twenty-first 
century aim to promote population-based equitable care. Access to comprehensive information 
is an important part of this and the Tayside Regional Diabetes Network has been developed as a 
model for responding to this need. Its web site (www.diabctes-hcalthncLac.uk) includes all the 
most recent guidelines, patient information leaflets, comprehensive population-based patient 
data, research, news and educational resources. 

Materials and Methods: With the support of all the principal patient carers in Tayside 
(Primary and Secondary Care) every possible source of patient information relating to diabetes 
is automatically linked and audited on a nightly basis. A variety of methods are utilised 
including manual validation via synchronised laptop computers and Optical Character 
Recognition (OCR) as not all information sources arc electronic. The generic nature of the 
system means almost any source of data can be linked with the data being automatically quality 
assessed on importation Guidelines, patient leaflets, educational resources and news arc 
continually updated with these resources cross-referenced to the patient data. Security and 
confidentiality arc addressed and all confidential information flows are encrypted. After 
extensive testing in pilot practices, the resource went live across Tayside Region (pep. 
-400,000) on the 1st November 2000. 

Results: Automated electronic record linkage has resulted in >1.5Million records being held on 
9,398 patients with known diabetes covering all aspects related to the condition from primary 
and secondary care. 73 out of 74 practices have requested access with the one remaining having 
no computers. This practice submits data via OCR forms and receives feedback via paper. 57% 
of practices and nearly all of secondary care use the sy stem routinely and have performed 
36,146 operations on patient data. There arc 208 regular users of the system with > 500 users 
registered. 

Conclusions: In the five months since the site went live, the region has embraced the system as 
the method for managing diabetes care. This is due to the comprehensive patient data, non- 
judgemental automated audit and the linked informational resources. The system has been 
subject to external review and is to play a key role in a diabetes system for Scotland. Expansion 
to other disease areas has already been started and the sy stem is due for installation in two 
adjacent regions over the next three months. A live web demonstration can be given. 
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Construction of hospital-based datamart for the analysis of the clinical course of 
the diabetic patients 

H. Sakura, H. Kanno and Y. Iwamoto. Diabetes Center, Tokyo Women's Medical 
University, Tokyo, Japan 

Background and Aims: The prevalence of diabetes mellitus is very high, and many factors are 
involved in the development, response to the treatment, or the prognosis. In order to analyze 
this common and complex disease, a refined database will be a powerful tool. 

Materials and Methods: Patients' fundamental information (sex, birth date and first visited 
date), information of prescriptions, and laboratory data w ere collected scmi-automatically from 
the central data source of the hospital. Clinical history, family history and physical examination 
data (body weight and blood pressure) were collected manually from the individual’s clinical 
record. Collected data w ere united as a datamart using a relational database (RDB). Requested 
data were selected with the structured query language (SQL) and analyzed statistically. 

Results: About 14000 patients regularly visit our diabetes center at intervals of one to two 
months. 24296 patients, who have visited the center since 1997, were registered as study 
subjects. The number of total records put in the datamart were more than 600000, w hich consist 
of 307547 prescriptions, 110725 laboratory data (mainly HbAlc), 62807 urinary analyses, 
16593 diagnoses, 15941 physical examinations, 7128 glucose or meal tolerance tests, 2754 
inpatients' information, 700 family histories etc. Characteristics of the patients at the first visit 
were 57.0% males with mean age 50.6yrs, BMI 23.7, BP 140/85 and HbAlc 8.9%. For the first 
step to utilize the datamart, we analyzed the HbA 1 c profiles. For the patients followed at the 
outpatient clinic, HbAlc levels (%) were 8.8 (0 month), 7.1 (3mo), 7.1 (6mo), 7.2 (9mo) and 
7.2 (12mo) after the first visit For the patients admitted to the hospital w ithin 3 months after 
the first visit (mean stay 19.8 days), HbAlc levels were 9.1 (Omo), 6.8 (3mo), 6.9 (6mo), 6.9 
(9mo) and 7.1 (12mo) after the admission. These results shows that HbAlc profiles of patients 
admitted to the hospital were marginally better than those of non-admitted patients. On the 
other hand, HbAlc profiles of the patients, who admitted to the hospital after more than one 
year's follow-up at the outpatient clinic (mean stay 16.8 days), were 8.0 (Omo), 7.3 (3mo), 7.4 
(6mo), 7.5 (9mo) and 7.6(12mo). Improvement of HbAlc was small and rapidly deteriorated 
again in these patients. 

Conclusions: We constructed the datamart of the patients who visited our diabetes center 
during the past four years. Datamart (or data warehouse) is very useful to analyze a large 
quantity’ of data in a short period. When the datamart is complete, a lot of useful information 
will be available using multi-dimensional analysis or data-mining methods. 
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TELEMEDICINE MAY ASSIST DIABETIC SUBJECTS TO IMPROVE 
METABOLIC OUTCOME AND PROMOTE PATIENTS EMPOWERMENT. 

E. Brogues, J. Cermerio, R_ Corcoy, E. Hernando, E. Gomez-Aguilera, A. Garcia, and A. 
de Leiva. Diabetes Center, Hospital de Sant Pau, UAB, Diabem Foundation, and 
Technologic University. Madrid and Barcelona, Spain 

Background and Alms: The Optidiab Programme is a modular computerized system, 
designed as a comprehensive diabetes management system, covering for electronic 
documentation, assessment of care quality, and telemedicine. We have performed a pilot 
experiment to show the potential benefits of the telemedicine module (DiabTel) to 
promote the communication between patients and the diabetes team, to help patients in 
managing the disease on daily basis, and to increase patient's autonomy between regular 
visits to the Diabetes Unit. Materials and Methods: The system contains a Patient Unit 
(PU), portable microcomputer, designed for data collection (electronic patient logbook). 
Relevant events (SMCBG, daily insulin therapy plan, dietary record) can be transferred 
through the public switched telephone line to the Medical Unit (MU), a PC-based tool, 
managing the information from patients and providing remote support to doctor’s 
activities; it can operate as a 24-hour call center, and answers must be provided within 24 
hours. Diabetes electronic medical record, data base for quality assessment and a smart 
card can also be optionally integrated in the system.supporting doctor’s activities. Ten 
DM-1 patients (8 females, 2 males), disease duration, 13.8 (6.5) years, volunteered to 
participate in a cross-over pilot study, divided in periods A (conventional) and B 
(experimental), randomly assigned, of 3 months duration each. Glycemic control was 
monitored (Hb Ale, preprandial glycemia, frequency and severity of hypoglycemia), and 
quality of life evaluated with a specific questionaire. SPSS package for Windows (v 8.0) 
has been used. Data are expressed as median (range); a Wilcoxon-rank test has been used 
for comparison (significance level, p<0.05). Results: Number of therapeutic adjustments 
carried out by patients were similar in each period HbAlc was 8.4% (6.9-9.1) at the 
beginning and 7.9% (6.6-8.9) at the end of the experimental period (p=0.053), versus 8.1% 
(6.6-9.1) at the beginning and 8.2% (5.9-9.9) at the end of the control phase. No 
differences were observed between periods for the mean preprandial glycemia (178 
mg/dL vs 170 mg'dL), and number of hypoglycemic episodes per week. Quality of life 
scores did not change. The system was well accepted by patients as a tool to improve 
metabolic control and communication with the medical team. Conclusions: This 
experience confirmed the feasibility of monitoring blood glucose levels, and the trend for 
metabolic improvement, with a telematic prototype, integrated into a diabetes management 
system. 
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CASE REPORT: AMPHETAMINE-INDUCED KETOALKALOSIS? 
KC Lewandowski, DP Warner and MW Mansfield. Department of 
Diabetes and Endocrinology, St James’s University Hospital, Leeds, UK 
Presentation: A 26 year old male was admitted with a four day history of 
vomiting without abdominal pain, distension or diarrhoea. He had an 11 
year history of type 1 diabetes (most recent HbAlc 8 . 6 %), but was 
otherwise free from micro vascular complications. He was taking human 
Mixtard 30; 40 units twice daily. On admission: He was lethargic but with 
a Glasgow Coma Score of 15. He was tachypnoeic and dehydrated, but 
normotensive, and general examination was unremarkable. Investigations 
suggested ketoacidosis with a capillary glucose>33 mmol/1, accompanied 
by heavy ketonuria and glycosuria. However, his arterial blood gases on air 
showed a metabolic alkalosis with pH 7.69, pC 02 4.6 kPa, p0 2 12.8 kPa, 
[HCO 3 '] 41.1mmol/l. Further tests revealed [Na*] 123 mmol/1, [K + ] 4.2 
mmol/I, urea 22.4 mmol/1, glucose 38.3 mmol/1 and random cortisol 964 
nmol/1. Treatment and Progress: He received intravenous fluids with 
potassium supplementation, and intravenous insulin. Vomiting settled 
within 24 hours, whilst his electrolytes normalised within 72 hours. 
Gastroscopy revealed oesophagitis and duodenal ulceration, but no gastric 
outflow obstruction. On further questioning he denied antacid ingestion. 
The probable cause of his metabolic upset became apparent when he 
disclosed that his vomiting began following his first recreational use of 
amphetamine. Summary: This patient presented with dehydration and 
ketonaemia in the presence of a marked metabolic alkalosis. We suggest 
that amphetamine ingestion could lead to increased central dopamine 
release, causing profound and prolonged vomiting with loss of [H + J ions, 
and consequent alkalosis, sufficient to protect against acidosis in the 
presence of ketonaemia. Diabetic ketoalkalosis is rarely reported and has 
not been described in relation to recreational drug use. 
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Diabetes as Risk Factor for Incidence and Location of Colon Cancer 
S. Svacina, M. Matoulek, J.VIasak, O.Topolcan, L.Pecen, L.Gajcvsky, Z.Pavclka. Charles 
University 1st Medical faculty- Prague, General Health Insurance Office, Charles University* 
Medical Faculty- Pilsen, Institute of Computer Science Academy of Sciences, Czech Republic 

Background and Aims: The aim of our study was to determine, on the basis of analysing data 
from the General Health Insurance Office in 3 independent areas of the Czech Republic (Pilsen 
-North - agriculturally industrial , Strakonice - agricultural, Sokolov - industrial), the relation 
between prevalence of colorectal carcinoma and diabetes mellitus. The population of these 3 
areas in the Czech Republic represented in 237 943 persons. 

Materials and Methods: Since the causality of the relation between diabetes and colorectal 
carcinoma is not clear, the main factor to be considered was the ODDs ratio. The prevalence of 
diabetes was 5.67% (85.3% without insulin). All patients with medical procedure performed 
during one year for colon cancer (ICD diagnosis C18,CI9,C20, C21)and for diabetes were 
included. It w as not possible to analyse the type of diabetes, but it was possible to differentiate 
insulin treated IDDM and insulin nest treated NIDDM diabetes. 

Results: The results are divided to four groups: 1- Total all colon cancer, IL Ca colon- 
diagnosis CIS, III. Rcctosigmoidcal cancer- diagnosis C 19, IV. Rectal and anal cancer- 
diagnosis C20+C2I. 

I. Ca colon + rectosigmoidcum + rectum (C18-C21): ODDs ratio- Total 3.15 DM males 2.93, 
DM females 3.27, IDDM 3.74, NIDDM 2.99 (p= <0.0001, <0.0001, <0.0001, <0.0001, 
0 . 0001 ) 

II. Ca colon (C18) ODDs ratio- Total 2.36, DM Males 2.12, DM females 2.39, IDDM 1.98, 
NIDDM 2.37, (p= 0.0041, 0.0179, 0.0060,0.1194,0.0201). 

Ill Ca rcctosigmidcum (Cl9): ODDs ratio- Total 3.68, DM Males 3.25, DM females 4.40, 
IDDM 3.18, NIDDM 4.04 (p= 0,0001, 0,0001,0,0001,0,0001,0,0001) 

IV. Ca rectal. + anal part (C20+C21): ODDs ratio: Total 4.21, DM Males 3.42, DM females 
5.42, IDDM 3.55, NIDDM 4.26 (p^ 0,0001,0,0001,0,0001,0,0001,0,0001). 
Conclusions: 1. The high risk of colorectal cancer in diabetes was found - ODDs ratio from 
2.12 to 5.42 shows diabetes as a very high risk factor for colon cancer. 2. Highest relation was 
found betw een rectal cancer and diabetes. 3. According to the increasing risk to the distant part 
of gastrointestinal track we suppose that dietary factors can influence the risk. 4. The risk is 
higher in patients w ithout insulin treatment 5. Both, the incidence of diabetes and colorectal 
cancer, arc increasing. It seems that this relationship can be causal. 
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LOWER RISK OF HYPOGLYCAEMIA WITH REPAGLESTDE 
COMPARED TO GLIBENCLAMIDE DURING RAMADAN FASTING 
IN MUSLLM PATIENTS WITH TYPE 2 DIABETES MELLITUS 

M. Mafauzy 1 on behalf of the Ramadan Study Group, ’School of Medical Sciences, 
Univeristi Sains Malaysia 

Background and Alms: Adult Muslims observe the month of Ramadan by fasting 
from sunrise to sunset Diabetes management of Muslim patients during this period is 
a challenge as long fasting periods between two large meals incur a risk of 
hypoglycaemia while on sulphonylurea or insulin treatment In a 14-week open label, 
parallel group trial, the glycemic control in Muslim type 2 diabetic patients (practicing 
Ramadan fasting) treated with a prandial glucose regulator (rcpaglinidc, REP) was 
compared with th3t of a sulphonylurea (gbbenclamidc, GLIB). 

Materials and Methods: The study was conducted in five countries: Malaysia, 
United Kingdom, France, Saudi Arabia and Morocco. A total of 235 patients 
previously treated with a sulphonylurea were randomised to receive either REP (n = 

116) prcprandially 3x daily or GLIB (n = 119) prcprandially lx/2x daily, 6 weeks 
before the Ramadan. During the 4-wcek Ramadan, patients changed their eating ‘ 
pattern to the two meals daily, with little change in energy intake, while the total daily 
dose of REP was re-distributed to two prcprandial doses. After the Ramadan, patients 
resumed their pre-fasting meal and treatment routines for another 4 weeks. 

Results: During Ramadan, a statistically significant reduction in mean scrum 
fructosamine concentration was seen in the REP group (-3.8%, p <0.05) but not in the 
GLIB group (-0.8%, ns), compared to baseline values. Ninety-three REP-trcated 
patients recorded 2228 readings of mid-day blood glucose (BG) concentrations, and 
100 GLIB-treatcd patients recorded 2361 such readings. The number of events with 
mid-day BG <4.5 mmol/1 (indicative of risk of hypoglycaemia) was significantly 
lower with REP (n=62,2.8%) than GLIB (n=187,7.9%Xp = 0.001). Among those 
with hypoglycaemic episodes (BG <2.8 mmol/1), 3 episodes were reported by REP- 
treated patients (0.03 events/pt/month) compared to 6 episodes by GLIB-treated 
patients (0.05 events/pt/month), between-group difference, ns. Apart from 
hypoglycaemia, both treatments were equally well tolerated - with no significant 
difference in adverse events or other clinical safety parameters. 

Conclusions: Daring Ramadan, Muslim type 2 diabetics using prandial REP showed 
a trend towards better glycaemic control, and had significantly low er risk and lower 
frequency of hypoglycaemia than patients using GLIB. 
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ANTIPSYCHOTIC DRUGS MAY WORSEN METABOLIC CONTROL IN 
TYPE 2 DIABETES 

J.A. Spoelstra, R.P Stolk, O.H. Klungel, J.A Erkens, H.G.M. Leufkens, and D.E. 
Grobbee. Julius Centre for General Practice and Patient Oriented Research, University 
Medical Centre Utrecht and Dept, of Pharmacoepidemiology, UIPS, Utrecht 
University, Netherlands 

Background and Aims: Several studies indicate that diabetes mellitus type 2 is more 
common among schizophrenic patients than in the general population. Also, it is 
suggested that - especially atypical - antipsychotic drugs can induce diabetes. The 
aim of the study was to assess the association betw een the use of antipsychotic drugs 
and alterations of glycaemic control. 

Materials and Methods: Pharmacy dispensing records and hospital discharge data 
from 1991-1999 were obtained from the PHARMO system, comprising about 320,000 
patient histories. Onset of diabetes was defined as date of first prescription of an oral 
hypoglycaemic agent. We performed a nested case-control study, including patients 
who had at least two years medication history after diagnosis. Switching from oral 
hypoglycaemic agents to insulin therapy was considered a proxy for deterioration of 
B-cell function. Cases were subjects converted to insulin within this two-year interval, 
controls were subjects still on oral therapy. We compared the use of antipsychotic 
drugs between cases and controls. 

Results: We identified 3,104 newly diagnosed pateints with type 2 diabetes of w hich 
1,503 (49,3%) were men; mean age at onset was 63.5 ± 13.3 years, mean duration of 
diabetes 3.9 ± 2.0 years and eventually 19.4% switched to insulin therapy. Of the 
entire study population, 2,558 patients had at least two years of medication history 
and 199 (7.8%) cases were identified. Patients using antipsychorics were more likely 
to switch (15.4% versus 7.5% in non-users, OR: 2.24, 95% Cl 1.25-4.04). Adjustment 
for age at onset and gender did not change the results; Ors were 2.27 (1.25-4.12) and 
2.24 (1.24-4.06), respectively. Atypical antipsychotic drugs did not appear to affect 6- 
cell function more markedly than classical drugs. 

Conclusions: It seems that use of antipsychotics in type 2 diabetes mellitus is 
associated with switching to insulin therapy (i.e. 'secondary failure 1 ), especially in the 
first two years of the disease. 
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NON-ISLET CELL TUMOUR HYPOGLYCAEMIA IN A PATIENT WITH 
A METASTATIC LEYDIG CELL TUMOUR 
Mukherjee S, Kirby A, Diver M, Weston PJ. 

Department of Endocrinology, Royal Liverpool University Hospital, 

Prescot Street, Liverpool, UK. 

Non-Islet Cell Tumour Hypoglycaemia (NICTi 1) is a rare cause of 
spontaneous hypoglycaemia. We report a case of NICTH associated with a 
metastatic Leydig cell tumour. 

A 75 year old man presented to the casualty department of our hospital 
with profound spontaneous hypoglycaemia (venous glucose of 0.7 mmol/l). Two 
years ago he was found to have Leydig cell tumour of his right testicle and had an 
orchidectomy. The tumour was malignant with vascular invasion and widespread 
metastases in inguinal and pelvic lymph nodes. He was treated with palliative 
radiotherapy to his right groin but unfortunately there was no significant response. 
The patient declined to have palliative chemotherapy in view of the anticipated 
side effects. Lymphadenopathy progressed relentlessly in the inguinal, pelvic and 
retroperitoneal region. Two years from diagnosis he presented with spontaneous 
hypoglycaemia and was revived with 10% dextrose. He looked very cachectic; vital 
parameters were stable, cardiovascular and respiratory systems were normal and 
there was no focal neurology. He had a large, irregular, hard mass of lymph nodes 
in his abdomen. Apart from the blood glucose, biochemistry was within the normal 
reference range, including liver function. Cortisol was 928 mmol/l. Growth 
hormone was 2mU/L. Serum insulin was < 3mmol/l and C-peptide was 
undetectable. Insulin like growth factor 1 (IGF I) was 9 nmol/1 and IGF II was 
118.2mnol/l; the ratio of IGF 1I/1GF1 was 13.1 (a ratio of > 10 is diagnostic of 
NICTH). He received a continuous 10% dextrose infusion and subsequently, he 
was given dexamethasone and human recombinant Growth Hormone (hGH). 
Hypoglycaemia improved enabling us to stop his dextrose infusion. Unfortunately, 
two weeks later he died. 

This is the first reported case of NICTH associated with Leydig cell 

tumour. 
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Two-photon excitation imaging of insulin exocytosis from intact pancreatic islet of 
Lange rhans. 

N.Takahashi.T. Nemoto and H. Kasai. Department of Cell Physiology, National Institute 
for Physiological Sciences, Okazaki, Japan 

Background: Cyclic AMP is considered a competence factor for insulin exocytosis, and 
its antagonism by Rp-cAMP markedly inhibits exocytosis in single pancreatic b cells. In 
contrast, studies with whole-islet preparations have detected only small effects of cyclic 
AMP antagonists on glucose-induced insulin secretion as measured by radioimmunoassay. 
Aims: To resolve the discrepancy between the results obtained with single cells or whole 
islets, we have applied a new imaging technique that is based on two-photon excitation of 
fluorescent polar tracers and which allows visualization of insulin exocytotic events in 
intact islets. Materials and Methods: Pancreatic islets were isolated from mice and were 
immersed in a solution containing die polar fluorescent tracers, sulforhodamine B. The 
tracers were excited by laser-scanning microscopy with a mode-locked femtosecond-pulse 
Ti:sapphire laser. Images were acquired from relatively superficial planes within the islets. 
Results: Immersion of islets in a solution containing a polar tracer resulted in retrograde 
labeling of microvessels and interstitial space surrounding b cells. Exposure of islets to 
high glucose (20 mM) induced the rapid appearance of fluorescent spots with a diameter 
of 0,3 micrometer, consistent with the size of insulin granules, at the surface of b cells; 
these spots decayed with time constants between 1 and 20 s. This phenomenon can be 
interpreted to represent the rapid filling of insulin vesicles by the polar tracer and the 
subsequent flattening of vesicles fused with the plasma membrane. The fluorescent spots 
were detected predominantly at the surface region of b cells not directly facing 
microvessels. The exocytotic events were regulated by the cytosolic Ca2+ concentration 
and occurred in two phases, an initial transient phase and a subsequent sustained phase. 
Rp-cAMP prevented the first phase of insulin exocytosis, without markedly affecting 
Ca2+ signaling. In contrast, forskolin, which activates adenylate cyclase, augmented 
exocytosis in both phases. We also observed that membrane-permeable lipophilic 
compounds tended to be trapped in the superficial cell layers of islets, which may account 
for the smaller effects of cyclic AMP antagonists on insulin secretion from whole islets as 
measured by radioimmunoassay. Conclusions: We have succeeded in visualizing insulin 
exocytosis in intact pancreatic islets by two-photon excitation imaging. This approach 
clarified that the first phase of glucose-induced insulin secretion is especially sensitive to 
cAMP, consistent with the potent effects of cAMP on the fast component of exocytosis in 
single b cells. 
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Delay between fusion pore opening and peptide release from insulin-containing 
granules in Ins-1 cells 

Sebastian Barg, Chariotta S. Olofsson, and Patrik Rorsman 

Institute for Physiological Sciences, Lund University, The Biomedical Center Fll, 

SE-221 84 Lund, Sweden. 

Background and Aims: Insulin-release is preceded by recruitment, docking at the 
plasma membrane, and priming of secretory granules for release. This is reflected by 
the kinetic properties of exocytosis, which suggest that granules exist in functionally 
distinct pools. Only a fraction of the cell’s granules, referred to as the readily 
releasable pool (RRP), is available for instant exocytosis, but it is not clear how RRP 
relates to granules that are physically docked at the plasma membrane. In addition, 
little is known about how peptides are released from the granule during exocytosis. 
Materials and Methods: Exocytotic membrane fusion and cargo release were studied 
in insulin-secreting Ins 1-cells by capacitance measurements and simultaneous 
confocal imaging of secretory granules tagged with a soluble amylin-EGFP fusion 
protein. 

Results: Labelled granules with varying degrees of mobility were seen throughout 
the cell interior, while immobile granules were primarily found at the plasma 
membrane. During voltage-clamp depolarizations, single exocytotic events could be 
detected by time-resolved confocal microscopy as sudden disappearance of the 
immobile, plasma membrane-associated granule fluorescence. Strong stimulation with 
trains of voltage-clamp depolarizations to deplete the readily releasable pool (RRP) 
correlated with visible exocytosis of 10-20% of the docked granules. Some remaining 
granules could be released after RRP-recovery, while new granules rarely appeared. 
Fusion pore opening (seen as granular pH equilibration and dcqucnching of EGFP- 
fluorescence) occurred -0.3 s after the capacitance increase (t=85 ms), and peptide 
release was delayed another 1.6 s. 

Conclusions: We propose that: a) RRP is a subset of the docked pool; b) RRP- 
refilling involves chemical modification of granules already in place; c) efflux of the 
hormone through the fusion pore does not contribute to secretion; and d) the fusion 
pore must dilate significantly to allow peptide release. The delay observed for the 
latter may allow regulation of insulin-release after exocytosis of the granule. 
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CYCLIC AMP STIMULATES INSULIN EXOCYTOSIS BY MODIFICATION 
OF GRANULES ALREADY PRESENT AT THE RELEASE SITES 

E. Renstrom, S. Barg, J. Galvanovskis, R. Ivarsson, X-J. JIng, P. Rorsman, G. 
Rutter# and S. Seino* 

Lund University, Sweden, ^'University of Bristol UK, and *Chiba University, Japan. 

Background and Aims: Increasing evidence suggests the importance of cAMP-signalling for 
biphasic insulin secretion in vivo. cAMP potentiates insulin exocytosis by two mechanisms: a) 
the readily releaseable pool (RRP) of granules increases by a mechanism not requiring protein 
kinase A (PKA), b) PKA-dcpcndcnt acceleration of granule recruitment to RRP. Recently, it 
was suggested that the cAMP-binding protein cAMP-GEFII via interaction with the rab-protein 
RIM2, is responsible for the former action. Here we have investigated how physical granule 
translocation contributes to the cAMP*stimulation of cxocytosis. 

Materials and Methods: Capacitance measurements of exocytosis were combined with 
confocal imaging of insulin granule motion in INS-1 or mouse B-cells. Insulin granules were 
probed using LysotrackerRed or by transfection of EGFP-Phogrin. RIM2 expression was 
perturbed by anti-sense treatment 

Results: The effects of cAMP on INS-1 cell cxocytosis were very similar to those reported in 
mouse B-cells. Exocytosis elicited by trains of 10 voltage-clamp depolarisations resulted in 
biphasic exocytosis. During the first pulse, which corresponded to discharge of RRP, 
exocytosis was >5-fold faster than during the remainder of the train. Forskolm increased both 
the RRP (I7+-3 &. 85+-8 £F, before & after addition of forskolm; P<0.001; n=14) as well as 
recruitment of additional granules during the train stimulus (99+-I2 & 291+-38 fF, before &. 
after addition of forskolin; P<0.01; n=14). In mouse B-cells, anti-sense treatment verified the 
importance of RIM2 for the PKA-independent stimulation of RRP by cAMP (P<0.05; 89+-15 
&. 11+-10 fF; n-2I and 24, sense & anti-sense). In parallel recordings of granule movement and 
exocytosis in INS-! cells, forskolin stimulated exocytosis within <2 minutes. Granule 
movements consitcd of 1) rapid microtubule-guided saltatory jumps (velocities 200-2000 
nm/s), 2) random diffusion, and 3) slow directed movements (velocities 20-40 nm/s) associated 
with the peripheral actin network. Only the latter type was stimulated by forskolin (3Q+-6 and 
39+-4 IF, before & after addition of forskolin; P<0 05; n 3 14). Interestingly, the effect was only 
apparent at times later than 4 min after additioo of ibrskolin, was strictly dependent on PKA 
and w as abolished by 8-Br-Rp-CAMPS. 

Conclusions: 1) Cyclic AMP stimulates exocytosis primarily by modifuing insulin granules 
situated at the plasma membrane. 2) Sustained stimulation reveals a PKA-dcpcndcnt increase in 
perpiheral granule motion. 3) RJM2 mediates the cAMP-induccd increase in RRP in mouse B- 
cells. 
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INVOLVEMENT OF THE SMALL G-PROTEIN RAC1 IN GLUCOSE AND 
FORSKOLIN INDUCED INSULIN SECRETION IN ISLET (INS-1) (5-CELLS 

J. Li, R. Luo and G.-D. Li, National University Medical Institutes, NUS, Singapore 

Background and Aims: In addition to its role in regulating cytoskeleton organization, 
the monomeric GTP-binding protein Rac (a member of Rho family GTPase) may be 
also implicated in exocytotic secretion. This work studied the possible involvement of 
Racl in insulin secretion. Materials and Methods: Islet JS-cells (CMS-l) were stably- 
transfected with c-myc-tagged dominant-negative (N17) or dominant-positive (V12) 
Racl mutants, with empty vector transfected cells as control. Insulin secretion from 
these cells was assay ed by radioimmunoassay. Cellular F-actin changes were assessed 
by confocal microscopy after rhodamin-phalloidin staining and quantitated following 
extraction of the dye. Localization of mutant Racl was examined by subceliular 
fractionation followed by immunoblotting using anti-c-myc antibody. Results: The 
increment of insulin release stimulated by 15 mM glucose plus 1 pM forskolin (raising 
cAMP) was markedly reduced by —49% (n=6, p<0.01) in dominant-negative Rac I (N17) 
transfected cells. Insulin secretion induced by 15 mM glucose alone was slightly but 
significantly decreased by -15% (n=6, p<0.05) while high K* (34 mM)-stimu!ated 
secretion was not altered in Racl(N17) transfected cells. Transfection w ith dominant¬ 
positive Racl(VI2) did not affect stimulated insulin release by above secretagogues. 
Cells with Racl(N17) tended to rounded up and growth in colony while Racl(VI2) 
transfected cells revealed decreased sharp filopodia. Phalloidin staining of F-actin w eb 
underneath plasma membrane was weakened in Racl(VI2) transfected cells and almost 
disappeared in cells with Racl(N17). F-actin bundles disappeared and F-actin contents 
were decreased in both Racl(N17) and Racl(VI2) transfected cells. Dominant-negative 
Racl was expressed only in mitochondrion and insulin granule fractions while the 
dominant-positive Racl was localized in both cytosol and other fractions including 
microsomes. Conclusions: Expression of dominant-negative or -positive Racl altered 
INS-1 cell morphology and interfered with F-actin organization. Dominant-negative 
Racl affected glucose and forskolin induced insulin secretion, indicating that Racl may 
also play a role in the regulated secretion probably beyond acting on cytoskeleton. 
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SNAP-25 AND SYNTAXES INFLUENCE THE READILY RELEASBLE POOL 
OF INSULIN-CONTAINING GRANULES IN MOUSE PANCREATIC B- 
CELLS 

J. Schriever-Abeln, X. Ma and L. Elias son 

Dept, of Molecular and Cellular Physiology, Lund University, Lund, Sweden 

Background and Aims: The secretory granules within the pancreatic B-cells must be 
docked and primed prior to fusion and release. In many endocrine cells as well as the 
pancreatic B-cell SNARE-proteins have been suggested to be present in these 
processes. The aim of this study was to investigate the involvement of the t-SNARE 
proteins SNAP-25 and syntaxin in the exocytotic process of primary mouse B-cells. 
Material and Methods: For this purpose we used capacitance measurements to 
investigate the temporal aspects of exocytosis on a single cell level. The standard 
whole-cell configuration of the patch-clamp technique was used which allows an 
intracellular application of the different antibodies used. 

Results: The presence of both SNAP-25 and syntaxin was confirmed using Western 
Blot analysis and the distribution of the proteins within the B-cell was investigated by 
immunostaining prior to the functional studies. A train of ten 500 ms depolarising 
pulses from -70 mV to 0 w ere applied to single B-cells. The two first pulses of the 
train were used to estimate the size of the readily releasable pool (RRP) whereas the 
following pulses represent mobilisation of granules from a reserve pool. Under 
control conditions the RRP could be estimated to contain 66±13 granules (n=15), 
using a conversion factor of 2 fF/granule. It was diminished to 18±9 granules (n=5) in 
the presence of an antibody against SNAP-25. This antibody also reduced the increase 
in membrane capacitance during the latter pulses of the train to 34±19 fF (n=7) 
compared with 169±26 fF (n=20) under control conditions. In the presence of an 
antibody against syntaxin mobilisation was reduced, and the RRP contained 23±7 
granules, which is a similar result observed with blocking SNAP-25. 

Conclusions: The data suggests that SNAP-25 and syntaxin are crucial for the 
number of granules within the RRP. Since these granules is proposed to be released 
during the first phase of insulin secretion, lack of functional t-SNARE-proteins might 
cause a reduced first phase appearing in patients with typ-2 diabetes. 
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A diet enriched in fat induces increased expression of resistin and 
insulin resistance in lean rats. 

V. Hulstrom, J. Harpoth, K. Schultze and J. Vinten, Department of 
Physiology, University of Copenhagen, The Panum Institute, 
Blegdamsvej 3, DK-2200 Copenhagen N 

Background and Aims: It was recently demonstrated that insulin 
resistance in obese, fat fed mice is related to increased secretion of the fat 
cell hormone resistin. To investigate the possible role of resistin for 
dietary induced insulin resistance in lean animals, we studied the 
expression of resistin mRNA in fat tissue from lean rats rendered obese 
by a high fat diet. 

Materials and Methods: Twelve male Wistar rats (200-250g) fed a diet 
with 60% lard (HF) gained 42g and 12 control rats fed a standard chow 
with 5% fat (CT) gained 142g in weight during 7 weeks. Fasting levels of 
glucose and insulin were not different between groups. Thirty minutes 
after an intraperitoneal injection of a mixture of insulin (100 mU/kg) and 
glucose (2g/kg), the insulin levels were elevated but not different between 
groups, whereas the glucose levels in HF rats were significantly elevated 
compared to CT. Fat pad weight was lower in HF rats. The expression of 
resistin mRNA was quantified by means of a 3J P-label!ed probe in 
Northern blots of total RNA isolated from fat pads. 

Results: Resistin mRNA expression was markedly higher in HF rats than 
in CT rats (146±9 vs 32±7 mean ± SB, arbitrary units, p<0.001). 
Conclusions: Increased expression of resistin can be induced by a high 
fat diet in spite of a reduction in fat mass. The hormone resistin is likely 
to mediate the dietary induced, whole-body insulin resistance in this 
condition. 
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Free Lcptin, Bound Leptin And Soluble Leptin Receptor In Type 2 
Diabetes And In The Polycystic Ovary Syndrome. 

H Randeva 1 » C O’Callaghan 1 , Conway G 1 , Prelevic G 2 , O’Hare P\ Brabant 
G% E Hillhouse' and K Lewandowski* 

Dept of Biological Sciences, University of Warwick* & Central Middlcsscx Hospital, 
London*, UK, Dept of Endocrinology, Medizinische Hochschule, Hannover, Germany* 
Background: Both type 2 diabetes and the polycystic ovary syndrome (PCO) are 
characterised insulin resistance. Free leptin (FL) levels are related to fat mass and 
increased by insulin, but the relationship of other components of the leptin system 
[bound leptin (BL) and soluble leptin receptor (SR)] to insulin and glycaemic control 
has not been studied so far. Material and Methods: We measured fasting FL, BL, 
SR, insulin and HbAl in 31 premenopausal women with type 2 diabetes age 
(meanlSD) 39±7.6 years, BMI: 31.1±7.37 kg/m 2 ; and in 20 non-diabetic women with 
the PCO syndrome: age 27.1+/-7.6 years, BMI 38.0+/-8.9 kg'm 2 . Correlation analysis 
was performed by a univariate model. Results: In the diabetic groun there was a 
correlation between FL and BMI (r=0.43, p=0.01) and a trend towards a positive 
correlation with fasting insulin (p=0.12), and HbAl (p=0.10). There was no 
correlation between BL and BMI or insulin. SR correlated positively with BMI 
(r^0.36, p=0.05) and HbAl (r=0.4I, p=0.02). There was no correlation between SR 
and fasting insulin. In the PCO group there was a strong correlation between FL and 
BMI and fasting insulin (respectively: r=0.48, p=0.03, r=0.55, p=0.01). There was no 
significant correlation between BL and fasting insulin, or between SR and the BMI, 
but in contrast to diabetic group, there was a negative correlation between SR and 
fasting insulin (r=-0.53, p=0.01). Conclusions: In all women free leptin correlates 
with the body mass index, but the correlation between free leptin and fasting insulin is 
stronger in non-diabetic subjects. Soluble leptin receptor concentrations correlate 
positively with body mass index and HBA1 in diabetic women, while in non-diabetic 
subjects there is a negative correlation with fasting insulin. It remains to be established 
whether insulin can influence soluble leptin receptor concentrations and w hether high 
soluble leptin receptor levels can be used as a marker of poor diabetic control. 
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DIRECT REGULATION OF LEPTIN SECRETION BY SATURATED, 
POLYUNSATURATED AND MONOUNSATURATED FATTY ACIDS IN 
CONTROL AND INSULIN-RESISTANT RAT ADIPOCYTES. 

E. Peyron-Caso, E. Hamo, S. W. Rizkalla, J. Boillot, A. Veronese and G. 
Slama. INSERM U.341, Department of diabetes, Hotel-Dieu Hospital, Paris, 
FRANCE. 

The regulation of leptin secretion by different fatty acids is not well etablished. 
The aim of this study was 1o determine whether saturated fatty acids 
(palmitoic acid), n-3 polyunsaturated fatty acids (docosahexaenoic: DHA and 
eicosapentaenoic EPA acids) and monounsaturated fatty acids (oleic acid) 
have differential effects on leptin secretion in adipocytes of insulin-resistant 
sucrose-fed rats or in control rat adipocytes. Materials and Methods: 
Twenty male Sprague-Dawley rats were randomized into two groups: the 
control group (C, n=10) was submitted to a standard diet and the sucrose 
group (SC, n=10) was submitted to a sucrose enrichied diet (57% sucrose). 
After 3 week diet, epididymal adipocytes were isolated and incubated two 
hours with either insulin (100 ng/ml) or insulin associated with the different 
fatty acids (0,5 mM). Results: After two hours incubation, leptin secretion 
was increased by insulin in control rat adipocytes, this insulin action was 
majored by EPA (p< 0.05) and inhibited by palmitoic acid (p< 0.05). In 
sucrose-fed rat adipocytes leptin secretion was enhanced by insulin too (p< 
0.05), this insulin stimulation was not altered in association with EPA but was 
lowered by the other fatty acids (palmitoic acid: p< 0.05, DHA: p< 0.05 and 
oleic acid: p< 0.05). Conclusion : Fatty acids in presence of insulin make a 
direct action on leptin secretion by adipocytes. This action is dependent on 
the fatly acid unsaturation degrees and on the adipocytes origine (isolated 
either from insulin-resistant rats or from control rats). Fatty acids have direct 
and differential effects on leptin secretion regulation, this would be an 
additional data in the understanding of the benifical action of n-3 
polyunsaturated fatty acids on metabolic diseases. 
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Quantitative expression of leptin receptor signalling components in the pituitary 
and pancreas of diet-induced obese and genetically obese ob/ob mice 
S. Hani£ B.C. Bond, M. Tadayyon, J.R.S. Arch and C.P. Briscoe. GlaxoSmithKline, 
New Frontiers Science Park, Harlow, U.K. 

Background and Aims: In addition to its hypothalamic actions, there is now much 
evidence supporting a significant role for leptin in other tissues. The functional form of 
the leptin receptor, OB-Rb, is expressed in the pituitary and pancreas amongst other 
tissues. Leptin binding to OB-Rb activates the JAK-STAT pathway and thereby elevates 
expression of inhibitors of STAT signalling e.g. SOCS-3 and CIS. The aim of this study 
was to analyse expression of genes involved in leptin receptor-mediated signalling in the 
pituitary and pancreas of centrally leptin-sensitive (ob/ob) and leptin-insensitive (dietary 
obese) mouse models of obesity. 

Materials and Methods: The fluorogenic TaqMan method of quantitative RT-PCR was 
used to measure changes in mRNA expression of the short leptin receptor isoform OB-Ra, 
OB-Rb, STAT3, STATS, SOCS-3 and CIS. Expression was analysed in the pituitary and 
pancreas of AKR/J mice fed on either a chow or a palatable diet (DIO) for 14 weeks, and 
in C57BL/6 lean and leptin-deficient C57BL/6 ob/ob mice. Statistical analysis was 
performed by analysis of variance (ANOVA) between the groups using the housekeeper 
gene cyclophilin as a covariate. 

Results: Plasma leptin levels were 7.27 +/- 1.51 ng/ml in chow-fed AKR/J mice, 117 +/- 
49.39 ng/ml in DIO mice, 3,32 +/- 0.67 ng/ml in C57BL/6 lean mice and not detectable in 
C57BL/6 ob/ob mice. In the pituitary, OB-Rb, STAT3, STAT5 and SOCS-3 mRNA 
levels were reduced in ob/ob mice compared to lean controls by 55%, A 1%, 61% and 53% 
(P<0.05), respectively, but no changes were observed in DIO mice compared to chow fed 
controls. OB-Ra, OB-Rb, STAT5, and SOCS-3 were higher in AKR/J lean mice 
compared to C57BL/6 lean mice by 106,67, 108 and 136% (P<0.05), respectively. In the 
pancreas of ob/ob mice there was a 26% increase in STATS expression and a 36% 
increase in SOCS-3 expression (P<0.05), but again there were no changes in DIO 
compared to chow-fed mice. Also, in the pancreas of AKR/J lean compared to C57BI76 
lean mice there was an increase in STAT3, STAT5 and CIS expression cf 31, 35 and 
120% (PO.05), respectively. 

Conclusions: The leptin system is upregulated in AKR/J compared to C57BL/6 lean mice. 
The expression of genes involved in leptin signalling was generally reduced in the 
pituitary but slightly increased in the pancreas of ob/ob mice relative to lean controls, 
indicating that leptin sensitivity may be regulated in a tissue-specific manner. 
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LEPTLN-DEPENDENT INHIBITION OF HEPATIC GLUCONEOGENESIS IS 
MEDIATED BY INSULIN RECEPTOR SUBSTRATE-2 

C. Anderwald, G. Muller*, G. Koca, C. Fiimsinn, W. Waldhausl, M. Roden 
Division of Endocrinology/ Metabolism, Department of Internal Medicine III, 
University of Vienna, Austria 

♦Division of Metabolic Diseases, Aventis Pharma, Frankfurt, Germany 

Background and Aims: Leptin may exert metabolic effects which could result from 
reduction in food intake mediated by the hypothalamus and/or from binding to its 
peripheral receptors. Therefore, we examined the direct effects of leptin (0.5, 5 and 25 
nM; vs. control, CON) in isolated perfused livers of 20 h fasted rats (90 min, n=4- 
6/group). Materials and Methods: Glucose production, lactate uptake, bile flow, and 
portal pressure were continuously monitored. Phosphoenolpyruvate carboxykinase 
(PEPCK) activity was determined in total liver cytosol using the NaH M COj fixation 
assay. For measurement of tyrosine phosphorylation (pY), the insulin receptor (IR) 
and the insulin receptor substrates (IRS) I and 2 were immunoprecipitated from liver 
cytosol and then immunoblotted for phosphotyrosine using chemiluminescent 
detection. Immunoprecipitated IRS-1/2 was immunoblotted for associated p85-kD 
subunit of phosphatidyl inositol 3-kinase (PI-3K) and tested for associated PI-3K 
activity by immune complex kinase assay using radiolabeled phosphatidylinositol and 
thin layer chromatography/autoradiography. The efficacy of the immunoprecipitation 
of IR and IRS-1/2 was controlled by homologous immunoblotting. Results: Leptin 
reduced hepatic glucose production (0.5 nM: 0.13±0.01, 5 nM; 0.14±0.02, 25 nM: 
0.23±0.04, P< 001 vs. CON: 0.38±0.04 pmol min* 1 g liver' 1 ) and PEPCK activity (0.5 
n\l: 50±1%; 5 nM: 57±2%; 25 nM:79±2%; P< 001 vs. CON). Leptin increased IR pY 
slightly (0.5 nM: 120±3%, 5 nM: 113±3%, P<0.01 vs. CON). In dose-dependent 
fashion, leptin reduced IRS-I associated PI-3K (0.5 nM: 70±9%, 5 nM: 38±2%, 25 
nM: 16±1%; P<.006 vs. CON) and its activity (0.5 nM: 68±4%, 5 nM: 24±1%, 25 
nM: 10±1%; P<0.001 vs. CON). In contrast, leptin stimulated IRS-2 pY (0.5 nM: 
570±36%, 5 nM: 350±43%; P<002 vs. CON), IRS-2 associated PI-3K (0.5 nM: 
610±23%, 5 nM: 318±22%, 25 nM: 290±23%; P<002 vs. CON) and its activity (0.5 
nM leptin: 45Q±49%, 5 nM leptin: 348±27%, 25 nM leptin: 215±18%; P<002 vs. 
CON). Conclusions: At physiologic concentrations, leptin decreases glucose 
production by inhibition of the gluconeogenic enzyme PEPCK, which results from 
stimulation of IRS-2 tyrosine phosphorylation. 
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A GENOME SCAN REVEALS HETEROGENEITY AMONG EUROPEAN 
FAMILIES WITH MATURITY ONSET DIABETES OF THE YOUNG 
TM Frayiing, S Menzel, M Wishart, M Vaxilbire, C Lindgren, T Tuomi, Y Wang, A 
Brown, MP Bulman, S Ellard, JC Evans, PV Subba Rao, J Mills, C Tack, C Dina, P 
Froguel, L Groop, M Mahtani and AT Hatterslcy. Postgraduate School of Medicine 
and Health Sciences, University of Exeter, UK, Wellcome Trust Centre for Human 
Cenetics, Oxford, UK, CNRS, Institute of Biology, Lille, Wallenberg Laboratory, 
MalmO University’ Hospital, Sweden. 

Background and Aims: Maturity onset diabetes of the young (MODY) is a single 
gene disorder characterised by a young onset and an autosomal dominant family 
history’. MODY is heterogeneous, caused by mutations in the glucokinase, Hepatocyte 
Nuclear Factor (HNFHaJpha, HNF-talpha, HNF-lbcta and insulin promoter factor 1 
genes. We identified 10 MODY families (7 UK, 1 Dutch, 1 Caribbean, 1 Swedish) 
without mutations in any of the known genes and with a minimum of one member 
diagnosed < 25 and 2 affected generations. The aim of our study was to identify 
novel MODY loci to facilitate the identification of further type 2 diabetes genes. 
Materials and Methods: We performed a genome wide scan on the 10 *MODYx' 
families using a MegaBACE 1000 capillary array electrophoresis instrument and 404 
microsatellite markers with an average spacing of 10 cM. Linkage analysis was 
peformed using GENE HUNTER 2.0 software using a strict parametric inheritance 
model with heterogeneity and age related penetrances. A further 20 MODYx families 
from other European centres were used for fine mapping of candidate regions. 

Results: We identified three loci with Heterogeneity Logarithm of the odds (HLOD) 
scores > 1.0 on chromosomes 3 (HLOD 2.0 - D3S1292 - 149 cM), 16 (HLOD 2.8 - 
D16S3091 - 109 cM) and 20 (HLOD 2.1 - D20S115 - 21 cM) but none reaching the 
required significance level of 3.3. Diabetes in two families showed complete co¬ 
segregation with markers at the chromosome 3 locus. However, mapping of a 50cM 
section spanning the chrom. 3 candidate region using 15 additional markers and 20 
additional MODYx families did not provide anyHmihcr evidence for linkage. 
Conc!usions:The identification of 3 putative MODY loci indicates that further 
heterogeneity exists among MODYx families. The analysis of additional MODYx 
families will confirm or refute these loci as regions containing novel MODY genes. 
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The response to an oral glucose load alters with genetic aetiology in Maturity- 
Onset Diabetes of the Young 

A. Stride, A. T. Hattersley, M. Vaxillaire, P. Froguel, T. Tuomi, L.Groop, F. Bart>etti, 
R. Lorini, P. R. Njolstad, O. Sovik, T. Hansen, O. Pedersen, A. Costa, I. Conget and 
The GIFT MODY Consortium 

Exeter, United Kingdom; Lille, France; Helsinki, Finland, Malmo, Sweden; Milan & 
Genova, Italy; Bergen, Norway; Copenhagen, Denmark, and Barcelona, Spain. 

Background and Aims: Maturity-onset diabetes of the young (MODY) results from 
mutations in at least 5 genes. We hypothesized that in patients with MODY the 
response to an oral glucose load varied with the genetic aetiology and age. 

Materials and Methods: Oral glucose tolerance (OGTT) results were collected from 
362 subjects from European MODY families who had either a glucokinase (GCK) 
(n=245) or a hepatic nuclear factor-1 alpha (IINFla (n=117) mutation and were not 
on treatment. Results: The two genetically defined groups were of similar BMI (21.2 v 
22.0 kg/m2 p>0.05) and age (26.7 v 26.7 yr p>0.05). There were clear differences in 
the pattern of glycaemia. Fasting plasma glucose (FPG) was >5.5 mmol/1 in 98% 
GCK subjects and 54% HNF-la subjects (p<0.0001). GCK subjects had a higher 
fasting plasma glucose (FPG) (mean (SD): 6.8 (0.8) v 6.0 (1.9) mmol/1, p<0.0001), 
but lower 2 hour values (8.9 (2.3) v 11.2 (5.2) mmol/1, p<0.0001). The relative 
proportions classified as diabetic depended on whether fasting (GCK 38% v HNF-la 
22%) or 2 hour values (19% v 44%) were used (p<0.0001) Fasting hyperglycaeraia 
was present in GCK but not HNFla patients tested < 10 yr (6.5 (0.7) v 4.6(0.8) 
mmol/1 p <0.0001). A significant deterioration in FPG with age occurs in GCK 
(r=0.36, p=0.01) and HNF-la (r=0.34, p=O.0I); this accounts for a deterioration of 0.8 
mmol/1 in GCK and 3.3 mmol/1 in HNF-la over a 70 year life span. However, at 2 
hours, although no deterioration in plasma glucose is seen in subjects with GCK 
(r=0.03, p>0.05), there is a deterioration in 2 hour plasma glucose with age in subjects 
with HNF-la (r=0.32, p=O01). Cond us ions^QCK-patients have a glucose sensing 
beta-cell disorder that raises the fasting glucose from birth with a small increment in 
response to a glucose load. In HNFla patients the progressive beta-cell disorder 
results in a normal fasting glucose in early childhood and higher post glucose load 
values than GCK that deteriorate with age. In MODY therefore the molecular genetic 
diagnosis results in clear, age modified, differences in the fasting glucose and the 
response to an oral glucose load. 
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CHARACTERIZATION OF NATURALLY OCCURRING HEPATOCYTE 
NUCLEAR FACTOR-1 a (HNF-1 a) GENE MUTATIONS. 

C. Cervin, C. Cilio, M. Orho-Melander, M. RidderstrSle. M. Lehio and L. Groop, 
Department of Endocrinology, Wallenberg Lab., Lund University, Malmo, Sweden 
Background and Aims: Mutations in the hepatocyte nuclear factor-1 a (HNF-la) 
gene cause MODY3 and more than 80 different HNF-la mutations have been 
identified so far, only a few of which have been functionally studied. Our aim was 
to study functional effects of five naturally occurring mutations/sequence variations 
(A98V. LI071, R272C, P291fsinsC and M626K), located in different regions in 
HNF-la gene. Materials and Methods: The HNF-la mutations (A98V, L107I. 
R272C, P291fsinsC and M626K) were generated by in vitro mutagenesis and 
subcloned into a pcDNA3.1 expression vector. The transactivation activity of the 
mutated HNF-la proteins was tested using the Dual luciferase assay, with glucose 
transporter 2 (GLUT2) as the reporter gene. Western blot was performed and DNA 
binding was studied by electromobility shift assay (EMSA). Results: 
Transactivation activities of the A98V, L107I, R272C, P291fsinsC and M626K 
were 100%, 21%, 7%, 7% and 46% of that of the wild-type (wt) in HeLa-cells 
(lacking endogenous HNF-la), and 181%, 100%, 19%, 0% and 100% of that of the 
wt in the MIN6-cel!s (expressing endogenous HNF-la). However, equalising levels 
of protein expression of M626K to wt in HeLa-cells resulted in similar 
transcriptional activity. Dominant negative effect was excluded by adding 
increasing amount of wt in the transfections with LI07I. The LI07I mutation 
showed decreased DNA binding, whereas the M626K resulted in increased binding. 
Western blot performed on the same nuclear extracts demonstrated decreased 
protein level of L107I and similar protein level of M626K, compared to wt. 
Conclusions: All of the mutated proteins influence transcriptional activity of the 
HNF-la protein. The M626K mutation increases the DNA binding ability, and our 
results indicate that the LI071 mutation is associated with defective translocation 
from the cytoplasm to the nucleus. These results may help to explain the impaired 
[5-cell function, characteristic of MODY3. 
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A Mutation of a Novel Splice Variant of HNF-4a Co-segregates with Maturity- 
Onset Diabetes of the Young (MODY) 

S.M.S. Mitchell, H Thomas, K Jaschkowitz, MP Bulman, TM Frayling, C. Tack, S 
EHard, GU Ryffel, AT Hattersley. Postgraduate School of Medicine and Health 
Sciences, University of Exeter, UK; Institut fur Zellbiologie (Tumorforschung), 
Universtatsklinikum Essen, Germany; Division of General Internal Medicine, 
University Medical Center, Nijmegen, The Netherlands. 

Background and Aims: Mutations in the transcription factors Hepatic Nuclear Factor 
(HNF-la, HND-4a, HND-lb and Insulin Promoter Factor-1 genes cause the majoraty 
of MODY. The mechanism by which they produce beta cell function and their inter¬ 
relationship is uncertain. A splice variant of HNF-4a utilising a distant upstream 
promoter and an alternative exon 1 was isolated in mice. Recently this splice variant 
of HNF-4a (HNF-4a7) was shown to be the predominant HNF-4a species in the beta 
cell. In man the alternative promoter has binding sites for the other MODY related 
transcription factors. This suggests that in contrast to the situation in the liver where 
HNF-la activity is regulated by HNF-4a, in the beta cell HNF-la, HNF-Ib and IPF-1 
may regulate HNF4a through the alternative promoter P2 in the pancreas. The role of 
genetic variation in the P2 alternative promoter in MODY and early onset type 2 
diabetes subjects has not been studied. Materials and Methods: We studied 7 
European MODYx probands, ie those without mutations in the known genes, and with 
a minimum of one family member diagnosed <25 and 2 affected generations, and 32 
Early Onset Diabetic subjects (median age at diagnosis 38 (33.5-43), median BMI 
30.7 (28.7-37.6)). 452bp of HNF-4a7 containing the IPF-1 and HNF-la binding sites, 
in the alternative promoter region and the alternative exonl was amplified by PCR 
and sequenced using an ABI 377 DNA sequencer (Applied Biosystems). Results: We 
identified a heterozygous C to T nucleotide substitution in the IPF1 binding site at 
position - 146 in 1 of the 7 MODYx probands. Further examination of 15 family 
members revealed complete co-segregation of the variant with diabetes with a 
significant LOD score of 3.25. We did not find any variation in HNF-4a7 in the 32 
Early Onset Diabetic probands. Conclusions: The identification of a MODY family 
with a cosegregating mutation in the alternative HNF-4a promoter region establishes a 
critical role in the human beta cell of this splice variant. It supports the existence of a 
different transcription factor framework in the beta cell compared to the hepatocytes 
and suggest previous studies of the role of HNF-4a in MODY and Type 2 diabetes 
will need to be repeated in order to examine this region. 
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The mutation phenotype reveals a critical and differing role of the Hepatic 
Nuclear Factor la and Hepatic Nuclear Factor ip in embryologies! development 
E.R. Pearson, C.Bingham, A. Stride, P. Clark, M.Shepherd, S.Ellard, A.T.Hatters!ey. 
Diabetes Research, University of Exeter, and University of Birmingham, UK- 
Background and Aims: Maturity-onset diabetes of the young is caused by mutations 
in the genes encoding the transcription factors HNF la (MODY3) and HNFlp gene 
(MODY5). HNFla and HNFip both bind to the same promoter binding sequences 
and may form hetero- as well as homo-dimers. They are expressed in similar tissues, 
however in mice HNFlp is expressed early in embryonic development, whereas 
HNFla is not expressed until during organogenesis. We aimed to compare the 
phenotypes of patients with HNFla and HNF ip gene mutations to define the differing 
roles of these two similar transcription factors in man, particularly in embryogenesis. 
Materials and Methods: 20 HNFip and 208 HNFla mutation carriers were studied. 
Fasting samples were compared in BMI matched groups: HNFlp (5), HNFla (25) 
and unaffected family member controls (35). Mutation groups were matched for 
fasting plasma glucose. Results: Non-diabetic renal disease, particularly renal cystic 
disease is seen in all 20 HNFip mutation carriers, but w-as only seen in 2 HNFla 
mutation earners (p<0.0001). The histological classification of the renal disease is 
variable including cystic dysplasia, and hypoplastic glomerulocystic kidney disease. 
Renal function in the HNFip group varied from mild impairment to end stage renal 
disease (in 1 subject). In 2 families HNFlp mutations were associated with genital 
and uterine anomalies. Beta cell function (HOMA %B) was reduced in the HNFla 
subjects (26 (2-37) median (IQ range), p<0.001) and in the HNFlp subjects (37 (28- 
70), p=0.01) compared with controls (105 (85-123)). Insulin sensitivity (HOMAVoS) 
was similar in the HNFla group (113.2 (60-148)) and control group (99 (66-152)), 
but was decreased in the HNFlp group (48 (33-56), p=0.01). Serum Urate was 
increased in the HNFlp group (4l6pmol/l (89) mean (SD), p=0.008) compared with 
controls (299pmol/l (50)) and the HNFla group (273pmol/l (63)). Conclusions: 
Mutations in HNFip are specifically associated with non-diabetic renal disease 
establishing the critical role of HNFip in renal development. In both transcription 
factor diabetes there is beta-cell dysfunction, but in HNFip mutations in contrast to 
HNFla mutations, this is associated with insulin resistance and hyperuricaemia. We 
conclude that the developmental role of the hepatic transcription factors is critical in 
humans and disruption of this by heterozygous mutations results in discrete, non- 
pancreatic, clinical features. 
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A PROSPECTIVE STUDY ON THE PREVALENCE OF SEVERE 
HYPOGLYCAEMIA IN TYPE 1 DIABETIC PATIENTS 1984-1998. 

J. Bragd\ U. Adamson*, P-E. Lins*, R. Wredling** and P. Oskarsson*. Karolinska 
Institute! at Danderyd Hospital* and Division of Nursing Research Karolinska 
Hospital**, Stockholm, Sweden. 

Background and Aims: A main obstacle to achieve near normal blood-glucosc levels 
in Type-1 diabetes is the risk of hjpoglycaemia. Studies performed in the 1980s on 
large cohorts of adult patients documented prevalences of severe hypoglycaemia 
between 8-29% and found long duration of diabetes and unavvarcncss of 
hypoglycaemia to be risk factors for such events. Multiple-injection therapy, self 
monitoring of blood glucose and new insulin analogs have since been introduced in 
the routine treatment of these patients. 

Materials and Methods: Aiming to study the issue of hypoglycaemia we performed 
a long term study of a cohort of type 1 diabetic patients registered at our out-patient 
clinic between 1984 and 1998. An identical questionnaire regarding the previous year 
was sent to the patients in the beginning of 1985 and 1999 respectively. A subanalysis 
of patients (n=178) answering both times, is presented here. 

Results: The use of multiple injections had increased from 71 to 98% (p<0.001) and 
daily self monitoring of blood-glucose from 17 to 48% (p<0.001). An increasing 
number of patients reported unavvarcncss of hypoglycaemia (54 vs. 40%; p<0,01) 
while no differences were recorded with respect to patient reported anxiety and fear 
for hjpoglycaemia. The prevalence of severe hypoglycaemia had increased from 17 
to 27% (p<0.05) and nocturnal events were also more frequent (83 vs.76%; p<0.05) in 
this cohort of patients. In parallel, a slight decrease of HbAlc (7.4 vs. 7.6%; p<0.05) 
was registered. 

Conclusions: In spite of more frequent use of multiple injection therapy, use of novel 
insulin analogs and more frequent self monitoring of blood glucose the prevalence of 
unnwarencss of hypoglycaemia increases by time and so docs the prevalence of severe 
hjpoglycaemia which remains a major obstacle to achieve good meiablic control. 
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FREQUENCY, SEVERITY, AND MORBIDITY OF 
HYPOGLYCAEMIA OCCURRING AT WORK IN PEOPLE WITH 
LNSULIN-TREATED DIABETES 

A.M. Leckie, M.K. Graham, J.B. Grant*, P.J. Ritchie, H.A. Cowie, and B.M. 
Frier*. Institute of Occupational Medicine, Edinburgh, * Department of 
Diabetes, Royal Infirmary, Edinburgh, Scotland. 

Background and aims:Hypoglycaemia is common with insulin therapy and 
can disrupt everyday activities. Little information is available on 
hypoglycaemia occurring at work in the insulin-treated population. The 
frequency and consequences of hjpoglycaemia occurring at work were 
therefore examined in an insulin-treated cohort in regular employment to 
ascertain the extent and nature of this problem. Materials and raethodsrA 
prospective 12 month survey of 243 people with insulin-treated diabetes in 
employment (age range 20-69 years) was performed to record the frequency, 
severity, and morbidity of hypoglycaemia, with particular emphasis on 
episodes occurring at work. Details of hypoglycaemic episodes included time 
of day, place, activity, possible cause, blood glucose, treatment, physical 
injury, and any other adverse event. Glycaemic control was monitored using 
serial HbAl c measurements. Results: 1951 mild (self-treated) and 242 severe 
(external help required) hypoglycaemic episodes were recorded. Of the severe 
hypos, 149(62%) occurred at home, 36 (15%) at work, and 56(23%) 
elsewhere. Half of the severe hypos occurred during sleep. Adverse events 
were reported in 213 severe episodes, 29(14%) were comatose, 20(9%) had a 
seizure, 4(2%) sustained a head injury, 5(2%) another injury, 3(1%) injured 
someone else, and 2(1%) damaged property. No reported road traffic 
accidents occurred with severe hypoglycaemia but one with mild 
hypoglycaemia. 187(78%) of individuals suffering from severe 
hypoglycaemia reported being treated by a relative or their partner, 31(13%) 
reported receiving assistance from a work colleague, and 11(5%) reported 
requiring medical help. Conclusions:Severe hypoglycaemia is uncommon in 
the workplace. When it does occur at work, it does not cause disruption. 
Serious morbidity, including accidents or injuries associated with 
hypoglycaemia at work, was very uncommon. 
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INCIDENCE, CLINICAL CHARACTERISTICS AND COSTS OF SEVERE 
HYPOGLYCAEMIA - A PROSPECTIVE POPULATION-BASED STUDY 
A. Holstein, A. Plaschke, E.-H. Egberts 

1 st Department of Medicine, Klinikum Lippe-Detmold, Detmold; Germany 

Aim: To establish the incidence, clinical characteristics and costs of severe 
hypoglycaemia (SH) in a German region with 200,000 inhabitants by means of a 
prospective population-based study with sensitive screening for hypoglycaemia. 
Methods: Severe hypoglycaemia was defined as hypoglycaemia with impairment of 
consciousness and requiring intravenous glucose or glucagon injection. In order to 
also detect atypical manifestations of SH, between 1997 and 2000 all 30.768 patients 
presenting to the medical emergency department of the region's central hospital and 
6,631 (85%) of all 7,675 patients attended by the emergency medical service in the 
region were given an initial blood glucose test. Extensive clinical data were recorded 
for the patients with hypoglycaemia. Results: Altogether 264 cases of SH (blood 
glucose 39±24 mg/dl) were registered, comprising 14 (5%) cases of spontaneous 
hypoglycaemia, 179 (68%) cases of SH on insulin therapy, 45 (17%) cases of SH on 
sulphonyJurea therapy and 26 (10%) on combined therapy. There were 91 (35%) cases 
of SH in type 1-, 145 (55%) in type 2- and 28 (10%) in non-classificd diabetic 
patients. The subgroup analysis confirmed the known risk factors for SH, that is age, 
comorbidity and poljpharmacy in type 2 diabetic patients and recurrent 
hypoglycemia and renal failure in type 1 diabetic patients. The acute mortality of the 
SH w as 0.4% (1/264). The overall incidence of SH was 33 per 100,000 inhabitants per 
year, the incidence of SH on insulin therapy 23 and that of sulphonylurea-induced 
hypoglycaemia 5.6. The 264 cases of SH led to 1439 days in hospital and caused total 
costs of440,000 euros (55,000 euros per 100,000 inhabitants per year; 1,660 euros per 
case of SH). Due to the longer time spent in hospital (9.5±10.6 vs. 2.3±5.3 days; 
p<0.000) by the older multimorbid patients, SH in type 2 diabetics was considerably 
more cost-intensive than that in type 1 diabetics. Conclusions: SH is a common, cost¬ 
intensive complication of diabetes; insulin-induced forms account for the largest 
number of cases. Hypoglycaemia continues to place high demands on patient 
education and management in the individual diabetic patient in order to avoid this life- 
threatening complication and the tremendous costs. The rigorous screening for 
hypoglycaemia in this prospective study identified a higher incidence of 
hjpoglycaemia than previous retrospective analyses. 
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The effects of blood glucose levels on the quality of sleep in children with type I 
diabetes meititus 

G. Pillar, G. Shuscheim, R. Weiss, T. Nave, N. Shehadeh. Department of Pediatrics 
A, Rambam Medical Center, Haifa, Israel. 

Background and Aims: Sleep and nocturnal glucose levels in children with type I 
diabetes may influence each other. Hypo and hyperglycemia can cause deep 
disturbances, resulting in cognitive impairment, behavior problems, and growth 
retardation. Sleep may alter the sensitivity of the arousal system or the counter 
regulatory hormone response to hypoglycemia, resulting in prolonged nocturnal 
hypoglycemia. 

Materials and Methods: Nine children with tjpe I diabetes mellitus and 8 healthy 
controls were studied. All underwent full night polysomnographic recordings (EOG, 
EMG, EEG, ECG, airflow', rerspiratory effort, 02Sat). Blood glucose levels were 
measured every 5 minutes in the diabetic children automatically using the MiniMed 
Continuous Glucose Monitoring System. Frequent glucose level measurements were 
performed via a subdermal glucose sensor. Glucose levels were measured throughout 
the night and stored (the values were invisible during the night). The recordings of 
sleep and glucose levels w ere analj*zed blindly, and then matched and correlated. 
Results: I. All children went to sleep with well-controlled glucose levels (100- 
200mg%). Four children demonstrated profound hjpoglycemia during the night 
(below- 40mg%). Three additional children demonstrated an initial increase followed 
by a rapid decline in glucose levels. The re ma i n i ng children had stable glucose levels. 
2. The rate of the decrement in blood glucose levels, but not the absolute glucose 
levels, were associated with awakenings from sleep and sleep disruption. A fall of 
more than 100mg% glucose per hour was associated with an arousal response. 3. 
Paradoxically, when hjpoglycemia occurred insidious!)’, the percentage of slow wave 
sleep increased dramatically, and the EEG recordings at that time demonstrated high 
amplitude hypersynchronized delta activity. 4. Diabetic children with well-controlled 
glucose levels had similar sleep pattern as normal age-matched control children. 
Conclusions: Rapid changes in glucose levels may disrupt sleep. On the other hand 
stable hjpoglycemia, even if profound, may not result in awakening from sleep and 
thus may pose a serious risk for complications. Thus, measuring frequent glucose 
levels during the night adds important data in treating these children. 
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High scrum ACE activity predicts risk of severe hypoglycaemia in type 1 
diabetes 

U. Pedersen-Bjergaard, B. Agerholm-Larsen, S. Pramming, P. Hougaard, B. 
Thorsteinsson. Dept. Internal Medicine F, Hillerod Hospital, DK-3400 Hillerod; Dept. 
Clin. Biochemistry, Heriev University Hospital, Herlev, Novo Nordisk A/S, 
Bagsvterd, Denmark 

Background and Aims: We have previously, based on retrospective data, shown that 
patients with high serum ACE activity are more susceptible to severe hypoglycaemia 
(SH). In this study we investigated whether our finding could be reproduced 
prospectively. 

Materials and Methods: 170 unselected patients with type 1 diabetes, untreated with 
ACE inhibitors or angiotensin n receptor antagonists, characterised by C-peptide, 
level of hypoglycaemic awareness, HbAlc, and clinical data were included in the 
study. Serum ACE was determined by a commercial assay and ACE genotype by 
PCR. All patients were followed for one year by monthly questionnaires and reporting 
of each episode of SH (defined as episodes needing help from other persons) by 
telephone. Rates of severe hypoglycaemia are reported as episodes per patient-year. 
Results: The rates of SH according to the quartiles of serum ACE were 0.8, 0.5, 0.7, 
and 2.2 in the total material (p<0.0001) and 0.5, 0.8, 0.9, and 3.5 (p<0.0001) in C- 
peptide negative patients (n=70), respectively. The rates of SH according to ACE 
genotype were: H: 0.8, ID: 1.1; and DD: 1.1 in the total material (p=0.6) and: II: 0.3; 
ID: 1.8, and DD: 1.7 (p<0.001) in C-peptide negative patients. For comparison, the 
overall rates of SH in patients with or without detectable C-peptide levels were 0.8 
and 1.4 (p<0.05) and in patients with normal or impaired awareness the rates were 0 2 
and 1.6 (p<0.0001). 

Conclusions: Serum ACE is a strong independent predictor of the risk of severe 
hypoglycaemia in patients with type 1 diabetes, in particular in those with 
undetectable C-peptide. 
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PREVIOUS HYSTORY OF HYPOGLYCEMIC COMA DETERMINES 
COGNITIVE AND EEG ABNORMALITIES DURING HYPOGLYCEMIA LN 
TYPE I DIABETIC PATIENTS. 

A. Maran, C. Crepaldi, F. Del Piccolo, S. Trupiani, C. Musto, A. Tiengo, A Avogaro, P. 
Amodio. 

Dipartimento di Medicina Clinica e Sperimentale, University of Padova, Italy. 

AimsiType 1 diabetic patients with recurrent severe hypoglycemia are at increased risk for 
subsequent hypoglycemic comas. It is still not clear, however, whether patient's previous 
exposure to hypoglycemic coma could lead to permanent cognitive dysfunction. The aim 
of our study w as to determine whether previous history of hypoglycemic coma determines 
early cognitive dysfunction and EEG abnormalities during controlled hypoglycemia in 
type I diabetic patients. Methods: 6 type I diabetic patients (5 M and l F) (mean age 
37i4yrs, Hb3lc 8.1 ±1 %, duration 17 ± 4 yrs) with at least 2 hypoglycemic comas in the 
previous 3 years (SH) and 6 matched type 1 diabetic patients with no history of severe 
hypoglycemia (NH) were studied with a slow-fall hypoglycemic clamp (insulin 
infusion*1.5 mU/Tcg/min, plasma glucose reduced stepwise to 68, 58 and 49 mg/dl every 
40 minutes). Cognitive function (4-Reaction time), symptomatic responses (semi 
quantitative questionnaire) and EEG spectral analysis activity were recorded throughout 
Results: During hypoglycemia cognitive function deteriorated significantly (4-RT) at a 
plasma glucose threshold of 55±I mg/dl in both groups (p=ns). However, in SH autonomic 
symptoms were significantly diminished (plasma glucose threshold 49±1 vs. 54±l mg/dl, 
p=0.02). During cognitive task in SH patients EEG spectral analysis demonstrated 1) a 
slowing in beta activity at euglycemia (24±1 vs. 14±1 Hz, p<0.03), 2) a slowing of theta 
activity (13±1 vs. 22±2 Hz p<0.05), beta activity, (25±1 vs. 14±1 Hz, p<0.05) and 
absolute power (6±1 vs. 11±2 Hz, p=0.07) during controlled hypoglycemia (plasma 
glucose 56 ±1 mg/dl). Between the two groups, a significant interaction effect was found 
between plasma glucose and theta activity (ANOVA; F=7.4, p<0.05). Moreover, during 
eye closed EEG recording only in SH patients a high significant correlation was found 
between glucose levels and EEG spectral analysis (beta: r=0.52, p<0.001, theta: rO.59, 
p<0.001, MDF: r=0.62, p<0.001) Conclusions: Controlled hypoglycemia elicits cognitive 
dysfunction in both NH and SH patients. However only patients with previous history of 
fypostyccmic coma present significant EEG alterations during hypoglycemia. This 
suggests that hypoglycemic coma determines a specific susceptibility to the metabolic 
encephalopathy. 
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RENAL COMPENSATION FOR IMPAIRED HEPATIC GLUCOSE RELEASE DURING 
HYPOGLYCEMIA IN TYPE 2 DIABETES 

H.J. Woerie, C. Meyer, E. Popa, P. Cryerand J. Gerich, University of Rochester, NY, USA 
Background : In overnight-fasted humans both liver and kidney release glucose into the 
circulation. Under certain conditions (e.g. liver transplantation and prolonged fasting), the 
kidney increases its release of glucose to compensate for reduced hepatic glucose release. 
We tested the hypothesis that during counterregulation of hypoglycemia, there would be 
increased renal glucose release in patients with type 2 diabetes mellitus (T2DM) since they 
would be expected to have reduced hepatic glucose release because of reduced glucagon 
responses. Methods : Hypoglycemic hyperinsuiinemic clamp experiments ('3.1 mM) were 
performed in 12 subjects with T2DM and in 10 age-weight matched nondiabetic volunteers 
(NV). During these clamps, we measured total endogenous glucose release (TEGR) and 
renal glucose release (RGR) using a combined isotopic net balance approach as well as 
counterregulatory hormone responses. We calculated hepatic glucose release (HGR) as 
TEGR minus RGR since liver and kidney are the only organs able to release glucose. 
Results : Despite comparable hypoglycemia and plasma insulin concentrations, TEGR was 
reduced in T2DM subjects (6.6+0.6 vs 10.2±1.1 pmol kg-’-min- 1 in NV, p=0.01). This v/as 
wholly accounted for by a reduction in HGR (3.9±0 5 vs 8.6±1 0 pmolkg ’ min 1 in NV, 
p=0.0015) since RGR was increased in T2DM subjects (3.3±0.5 vs 1.6+0.3 pmol kg 1 min- t in 
NV, p=0.015). During hypoglycemia plasma epinephrine, lactate and free fatty acid 
concentrations were greater in the T2DM subjects (all p<0.01) and net renal lactate uptake 
was significantly correlated with RGR (r=0.6, p=0.01). Conclusions : During counterregulation 
of hypoglycemia, increased renal glucose release, probably due to increased epinephrine 
responses, partially compensates for reduced hepatic glucose release in patients with T2DM. 
These observations may explain why patients with T2DM have a relatively lew occurrence of 
severe hypoglycemia compared to patients with type 1 diabetes (T1DM). Loss of this 
compensatory increase in renal glucose release in patients with type 1 diabetes mellitus who 
have deficient epinephrine counterregulatory responses and in patients with T2DM who 
develop endstage renal disease may explain why these patients are prone to severe 
hypoglycemia. 
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A Novel Treatment of Hypoglycemia Unawareness (HU) with Anti-Diabetic 
Sulfonylureas Taro Wasada and Yasuhiko Iwamoto, Tokyo, Japan 
Background and Aims: The most serious aspect of HU is that neuroglycopenia 
precedes the onset of counter-regulation and autonomic nerve activation, thereby 
leading to cognitive dysfunction, such as loss of personal control, abnormal behavior, 
and ev en unconsciousness and seizure. So far, the only strategy for prevention of HU is 
the meticulous avoidance of hypoglycemia (H), which is hardly achieved. Here we 
propose a potentially effective treatment for this life-threatening problem in patients at 
risk. Case 1: a 43 y/o m. ty pe 1 diabetic with 9 ys of duration. Ten mo ago, his 
abnormal behavior was found during sleep: he moved his arms involuntarily, and 
occasionally' shouted. Neurological examinations including brain MRI, EEG and brain 
blood flow study were all normal. Based on his blood glucose monitoring at home 
(SMBG), nocturnal H was ev ident. When the potentially beneficial effect of SU drugs 
was explained, he and his wife expressed a strong desire to receive SU. During a 4 w- 
Tx with glimepiride (GLP) 2mg at bedtime, abnormal behavior ceased. He was 
instructed to take GLP 2mg a day for 2 w and stop it for additional 2 w. While on GLP, 
previous episodes were not observed, and occasionally he fell “light-headcdness” at 
blood glucose levels below 2.2mM. While off GLP, he became less alert on two 
occasions, and couldn’t detect H at blood glucose levels of 1.4 to 2.7mM. Abnormal 
behavior, which occurred previously 2 to 4 times per mo, didn’t recur on the Tx with 
GLP 4mg/day for 4 mo, but its discontinuation agam caused the symptoms at night. His 
perception of H remains compromised. Case 2: a 52 y/o m. insulin-treated diabetics. 
Six mo ago, he suddenly lost consciousness. Thereafter, he experienced several episodes 
of unconsciousness with tonic clonic seizures. HU was evident from his SMBG. With 
strong request by the individual and his medical supervisor, 1 mg of GLP twice a day 
was begun. Since then he has had no episodes of unconsciousness over the last 6 mo. 
He sometimes experienced “light-headedncss” and slight sweating at blood glucose 
levels around 2.8mM, but didn’t notice H on the majority' of occasions. Case 3: a 53 y/o 
f. type 1 diabetic with 10 ys of duration. Her average HbAlc level of the recent 12 mo 
was 6.5%. She experienced nocturnal seizures three-times during the last two years. She 
began to receive 2mg GLP at bedtime. Since then she began to feel ‘"something is 
wrong” when blood glucose fell below 2.5mM. Based on her SMBG, she was able to 
recognize H in approximately 80% of 13 documented episodes of H (<3.3mM) during 
GLP Tx, while 50% of 16 documented episodes of H during its withdrawal. 
Conclusions: The glucose-receptive neurons in specific regions of the brain sense 
ambient glucose concentrations by their ATP-scnsitive potassium (Katp) channels and 
thereby contribute to counter-regulation, autonomic nerve stimulation, seizure 
protection, and integrity’ of cognitive function. Therefore, it is tempting to speculate that 
Katp channels of these neurons are defective in HU. Our preliminary findings favor an 
idea that SU might enhance cognitive function by affecting neuronal excitability and 
neurotransminer release through antagonizing H-induced activation of Katp channels. 
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BENEFICIAL EFFECTS OF C-PEPTIDE ON MYOCARDIAL 
FUNCTION IN PATIENTS WITH TYPE 1 DIABETES 
A Hansen, B-L Johansson, J Wahren, II von Bibra, Depts of Internal 
Medicine and Surgical Sciences, Karolinska Institute^ Stockholm, Sweden 

Background and Aims. Proinsulin C-peptide (CP) has recently been shown 
to bind specifically to a G-protein coupled membrane receptor and to 
stimulate Na + ,K*-ATPase an d eNOS activities via Ca J ‘-dependent signaling 
pathways. CP increases blood flow in skeletal muscle, probably by 
recruitment of capillaries, when administered to patients with type 1 diabetes 
(D). Myocardial effects of CP are examined in this study. 

Methods and Materials. Eight male D (mean age 28±5 yrs) without signs 
of cardiovascular disease during normoglycemia were studied on two 
separate occasions using a double blind study design: one day w ith infusion 
of CP (5 pmol/kg/min) during 60 min, and on another day with saline 
infusion. Eight volunteers (N) served as age matched controls. Peak regional 
myocardial velocities during early diastole (Vd) and systole (Vs) were 
measured using pulsed tissue Doppler at rest and after dipyridamole stress 
(DS, 0.84 mg/kg) both before and after CP. Myocardial contrast echo was 
performed using pulse inversion technique. The plateau signal intensity (A), 
which correlates with the myocardial blood volume, was calculated from 
digital signal intensity versus pulsing interval plots. 

Results. Vd at rest was reduced in D (I3.$±1.6 cm/s) compared to N 
(15.542.7 cm/s, p<0.01) and so was Vs at rest (8.041.0 vs 8.841.6 cm/s, 
p<0.02). During CP infusion, Vd and Vs increased by 1243% (p<0.01, from 
13.841.6 to 15.441.7 cm/s) and by 1244% (p<0.05, from 8.041.0 to 8.941.5 
cm/s),respectively. During DS, Vd increased from 13.841,6 to 15.541.4 cm/s 
and Vs from 8.041.0 to 9.941.1 cm/s. A at rest increased from 6.5±3.2 dB to 
8.3±3.3 dB during CP (p<0.01) and to 11.2±5.2 dB during DS (p<0.001) in 
D. No significant changes were observed during saline infusion. These data 
indicate that C-peptide may exert beneficial effects on systolic and diastolic 
myocardial contraction velocities and perfusion in type 1 diabetic patients. 
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THE EFFECT OF INTENSIVE INSULIN THERAPY ON QT DISPERSION DURING 
ACUTE CORONARY EVENTS IN DIABETIC PATIENTS. 
A.STEFANIDIS\ A.MEUDONIS 1 . S.TOURN1S 2 , M.ZAIRIS 1 , K.KATSAROS 1 , 
S. HANDANIS 1 , D.BELDECOS 1 , S.ARGYRAKIS 1 , P.ASLWACOPOULOS 1 and S.FOUSSAS*. 
1.Cardiology Dept, 2.Diabetic Center, Tzanio Hospital, Piraeus; 3.University of Athens, Athens; 
GREECE. 

Backgroand and Aims: The link between the dispersion of ventricular recovery times, 
myocardial anhythmogenicity and increased mortality has been extensively studied. Aim of our 
study was to evaluate the hypothesis that strict metabolic control with insulin infusion in type 2 
diabetic patients (pts) with non-ST segment elevation Acute Coronary Syndromes (non-ST 
ACSX may influence QT dispersion (QT disp). Materials aad Methods: The study included 48 
type 2 diabetic pts with non-ST ACS. 23 randomized to conventional treatment plus intensive 
insulin therapy (Group A) and 25 to conventional therapy only (Group B). Group A pts received 
insulin by infusion for 72 hours, aiming to maintain normoglycaemia. Group B pts were treated 
according to Coronary Care Unit standard practice. The maximum QT (QT max), the minimum 
QT (QT min) and QT disp (QT max-QT min) were determined on two occasions: analyzing the 
first near normal ECG at a time point as soon as possible after admission and 72 hours later. 
Also, a Doppler index (DI), designed to determine the global myocardial performance, defined as 
the sum of isovolumetric contraction plus isovolumetric relaxation time divided by ejection time, 
was estimated in two serial echo studies, on admission and 72 hours later. The two groups were 
comparable in terms of medical history, clinical, echocardiographic and biochemical data. Pts 
with, a) a previous myocardial infarction, b) evolution in ST elevation AMI (ST-AMI), c) left 
ventricular (LV) hypertrophy and, d) intraventricular conduction disturbances, were not 
recruited. Results: Two pts from both groups were excluded from the analysis because there was 
evidence for evolution in ST-AML Mean Glucose level in the infusion group was significantly 
lower than in controls (6.98 mmol.l 1 vs. 11.19 mmol.r', p< 0.001). QTmax, QTmin and Qtdisp 
were similar on admission in the two groups (Group A vs. Group B ; QTmax: 413 ± 22 vs. 409 
± 25 msec ; QTmin: 356 ± 24 vs. 349 ± 30 msec; QTdisp: 57 ± 28 vs. 60 ± 23 msec, p :NS). At 
72 hours. Group A patients showed significantly improved DI and QTdisp values (Group A vs. 
Group B; DI: 0.64±0.17 vs. 0.73±0.11, p< 0.05; QTdisp: 49 ± 21 vs. 62 ± 16 msecs, p < 0.01) 
when compared with Group B pts. However, the multivariate analysis revealed that type of 
treatment did not independently influence the QTdisp values, due to a strong dependency of 
QTdisp values on improvement of LV function (Beta = 0.56, p < 0.001). Conclusion: Intensiyg 
insulin treatment during non-ST ACS improves QTdisp. although this phenomenon could_be 
attributed to an enhancement of LV function. 
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Diastolic Myocardial Function and Myocardial Microvasculature Reserve 
Improve with Intense Insulin Treatment in Type 2 Diabetic Patients. 

H von Bibra, A Hansen, V Dounis, T Bystedt*, K Malmberg, L Ryden. Cardiology 
and *Endocrmology Deps, Karolinska Hospital, Stockholm, Sweden 

Background and aims: Diastolic dysfunction and reduced myocardial flow reserve 
precede systolic abnormalities, coronary artery disease and overt microangiopathy 
in diabetic patients (D). We tested the hypothesis, that this may be reversed by 
normalisation of hyperglycemia by means of intense antidiabetic treatment (IAT) in 
type 2 D. Methods: 30 D (mean age 59±8 years) had systolic (Vs) and diastolic 
(Vd) regional myocardial velocities assessed with pulsed Doppler tissue imaging in 

12 left ventricular segments during dipyridamole stress (DS) echocardiography 
(0.84 mg/kg). Simultaneously, myocardial perfusion was assessed by contrast 
echocardiography after i.v. infusion of Levovist® (4 g) using pulse inversion 
technique at 1.3 mechanical index. The plateau value (MBV), which correlates with 
myocardial blood volume, was derived from myocardial signal intensity 
measurements at increasing trigger intervals and normalized for signal intensity 
within the LV cavity (%). 23 D were studied before and after 3 weeks of IAT and 7 
D during unchanged treatment (C). Results: In C, fasting B-GIucose, Vd, Vs and 
MBV remained unchanged. After IAT, fasting B-Glucose decreased by 3.6 mmol/L, 
Vd increased from 7.841.5 cm/s to 8.6±1.4 cm's (p<0.002), Vs remained unchanged 
(6.2±1 and 6,440.9 cm/s) and MBV during DS was increased from 18±8 to 2248 % 
(p<0.001). Vd increased from 7.3±1.4 to 8.3±1.4 cm's (p<0.002) in the subgroup of 

13 patients whose improved glycemic control was achieved by increased insulin 
dose during IAT. Vd remained unchanged in the 10 D in whom a comparable IAT 
was achieved via oral drugs without modification of insulin. The changes in 
diastolic function were paralleled by the changes of MBV at maximal vasodilatation 
in both subgroups. Conclusion: Diastolic dysfunction in diabetic patients improves 
by intensive insulin treatment This beneficial effect m3y be due to augmented 
availability of myocardial micro vasculature. 
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Interactions between nicorandil and sulphonylureas: a structural basis. 

F.Reimann, F.M Ashcroft and F.MGribble Department of Clinical Biochemistry, 
Adderibrooke’s Hospital, Cambridge and University Laboratory of Physiology, Parks 
Road, Oxford, UK 

Background and Aims: Nicorandil is an anti-anginal agent that opens ATP-sensitive 
potassium (K-ATP) channels in smooth muscle thereby vasodilating the coronary 
vasculature. K-ATP channels in muscle and pancreatic beta cells share a common pore¬ 
forming subunit, Kir6.2, but possess alternative sulphonylurea receptors (SUR1 in beta 
cells, SUR2A in cardiac muscle and SUR2B in smooth muscle). The aim of this study was 
to investigate the domains of the K-ATP channel involved in nicorandil activity, and to 
determine whether the drug interacts with hypoglycaemic sulphonyl ureas. Materials and 
Methods: We expressed recombinant K-ATP channels in Xenopus oocytes and measured 
the effects of drugs and nucleotides by recording macroscopic currents in excised 
membrane patches. Results: Nicorandil activated Kir6.2/SUR2A and Kir6.2/SUR2B but 
not Kir6.2/SUR1 currents, consistent with its specificity for cardiac and smooth muscle K- 
ATP channels. Drug activity was dependent on the presence of nucleotides and was 
impaired when the Walker A lysine residues were mutated in either nucleotide binding 
domain of SUR2. To identify domains essential for nicorandil activity, we constructed 
chimeras between SUR1 and SUR2A. Swapping TMs 13-17 (but not TMs 13-16 alone) 
from SUR2A to SUR1 transferred nicorandil sensitivity. The reverse chimera, in which 
TMs 13-16 of SUR1 were transferred into SUR2A, was only partially activated by 
nicorandil. Thus, both TMI7 and TMs 13-16 of SUR2A are required for nicorandil 
activity. This domain corresponds to the region of SUR1 that contains the sulphonylurea 
binding site. As sulphonyl ureas exhibit different specificities for SURl and SUR2-types of 
K-ATP channel, we investigated the interaction between sulphonyl ureas and nicorandil. In 
the presence of ATP, 0.1 mM nicorandil activated Kir6.2/SUR2A and Kir6.2/SUR2B 
currents 4.1±0.8 (m=20) and 4.241.2-fold (n=18), respectively (mn ± sem). The response 
was unaffected by O.OlmM gliclazide (SUR2A: 3.140.5 (n=7); SUR2B: 3.741.4-fold 
(n=5) activation), but was severely impaired by lOOnM glibenclamide (SUR2A: 0.540.1 
(n=6); SUR2B: 0.940.1-fold (n=6) activation) or lOOnM glimepiride (SUR2A: 0.640.1 
(n=7); SUR2B: 2.1±0.3-fold (n=7) activation). Conclusions: Nicorandil specifically 
targets SUR2-type K-ATP channels due to its interaction with the C-terminal group of 
TMs of SUR2. Nucleotides modify the response via the nucleotide binding domains of 
SUR, Nicorandil activity was unaffected by gliclazide, which specifically blocks SURl - 
type K-ATP channels, but was severely impaired by glibenclamide and glimepiride, which 
target both SURl and SUR2-type K-ATP channels. 
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Effects of Treatment with Sulfonylurea Drugs or Insulin on Ischaemia Induced 
Myocardial Dysfunction in Type 2 Diabetes Meiiitus. 

S. Vigili de Kreutzenberg, R. Scognamiglio, C. Negut, M. Palisi, A. Tiengo, S. 
Ninkovic, A. Avogaro. Dipartimento di Medicina Clinica e Sperimentale. Padova. 
Italy 

Background and Aims: In patients with Type 2 diabetes (DM2) and coronary artery 
disease (CAD), the potential negative role of sulfonylurea drugs on ischemic 
preconditioning, is under debate. We assessed the effect of treatment with 
glibenclamide (G) or I on ventricular myocardial dysfunction (MD) induced by acute 
ischemia in 19 patients with DM2 and CAD. 

Materials and Methods: Each patient (M/F=14/5; age=6I±2yrs; BMI= 29.3± 0.8 
kg/m2) was randomly assigned to either I or G treatment and crossed-over after 12 
weeks for an additional similar period. Metabolic control was maintained constant 
during both treatments. At the end of each period left ventricular end diastolic volume 
index (LVEDI), ejection fraction (LVEF), and wall motion score index (WMSI) were 
studied by 2D echocardiography at rest and during dipyridamole infusion (DI) 
(0.84mg/kg over lOmin). Ten healthy matched subjects (C) (M/F=8/2; ace=60±4yrs; 
BMI= 28.040.8 kg/m2) served as control for baseline echocardiographic evaluation. 
Results: LVEDVI (G=109±20; I=109±19 ml/m2), LVEF (G=43±7; I=46±8%), 
WMSI (G=1.40±0.29; 1=1.404.0.28) were similar with G or I at rest, while in DM2, 
LVEDV was higher and LVEF was lower compared to C (6449 ml/m2 and 6049% 
respectively; both p<0.005), independently of treatment. During DI, after G 
treatment, peak stress LVEF (37±12 vs 43±7%; p<0.005) was reduced and WMSI 
(1.98±0.24 vs 1.440.28, p<0.001) was increased significantly, while after I treatment, 
peak stress LVEF (45±11 vs 4648%) and WMSI (1.6040.40 vs 1.4±0.29) did not 
differ from baseline. LVEF was significantly higher and WMSI was significantly 
lower with I than with G (both p<0.001) 

Conclusions: In patients with DM2 and CAD, ischemic MD induced by DI is more 
severe during treatment with G than with I. Restitution of a preconditioning 
mechanism by I may have a potential beneficial effect. 
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Metabolic and Endothelial Effects of Trimetazidine in Type 2 Diabetic Patients 
with Ischemic Dilated Cardiomyopathy. 

L.D. Monti, G. Fragasso, E. Setola, A Palloshi, R. Camisasca, G. Valsecchi, P. 
Lucotti, G. Pozza, PM. Piatti, A. Margonato. IRCCS H. San Raffaele, Milan, Italy 

Background and Aims: Aim of the study was to evaluate whether trimetazidine 
(TMZ), a compound known to inhibit myocardial beta-oxidation, can improve 
peripheral and skeletal muscle (SM) glucose utilisation, exercise tolerance and resting 
ventricular function in 16 type 2 diabetic patients affected by severe ischemic dilated 
cardiomyopathy. 

Materials and Methods: All patients were randomly allocated in a double-blind 
study in which TMZ (40 mg/day) or placebo were administrated for 15 days. At the 
end of each period, they underwent euglycaemic hyperinsulinaemic clamp and 
forearm indirect calorimetry, 2D-echocardiography and exercise testing. 

Results: Compared to placebo, TMZ decreased fasting glucose levels (6.740.4 vs 
7.64-0.6 mM; p<0.05) increasing SM glucose oxidation (0.68±0.08 vs 0.4840.06 
pM/100 mL/min; p<0.05) without changes in insulin levels. At the end of the damp, 
TMZ increased M-value (4.040.5 vs 3.340.4 mg/kg/min; p<0.01), SM glucose 
utilisation (4.03±0.61 vs 2.95±0.64 pM/100 mL/min; p<0.03) and SM glucose 
oxidation (1.8440.14 vs 0.8840.16 pM/100 mL/min; p<0.001) while SM lipid 
oxidation was completely inhibited (p<0.002). No changes in SM glucose storage 
were observed. A significant increment of ejection fraction (46±6 vs 43±6%; p<0.03), 
fractional shortening (27±7 vs 2447; p<0.05) and in maximal exercise time (450±154 
vs 426±167 sec; p=0.08) were observed. In parallel, basal endothelin-1 levels 
significantly decreased after TMZ (11.342.6 vs 13.642.7 pg/ml; p<0.05). 

Conclusions: TMZ improved glucose metabolism and left ventricular function in type 
2 diabetic patients with dilated ischemic cardiomyopathy. These effects are likely to 
be dependent on the fact that TMZ shift FFA oxidation to glucose oxidation and may 
be operative in both the heart and the vascular endothelium. 


259 

Lvfluence of antidiabetic treatment with sulfonylurea drugs on long- 

term SURVIVAL AFTER ACUTE MYOCARDIAL INFARCTION IN TYPE 2 DIABETIC 
PATIENTS 

The LAngendreer Myocardial infarction and Blood glucose in Diabetic patients 
Assessment (LAMBDA) 

Juris J. Meier 1 , Silvia DeifuB 1 , Andreas Klamann 1 , Wolff Sehmiegel 1 , Michael 
A. Nauck u 

Department of Medicine, Ruhr-University, Knappschafts-Krankenhaus, Bochum, 
Germany 

2 Diabeteszentrum Bad Lauterberg im Harz, Germany 

Introduction: Type 2 diabetic patients show a significantly higher mortality after 
acute myocardial infarction compared to non-diabetic patients. The influence of 
sulfonylureas on the survival after acute myocardial infarction is still under debate. 
Patients and methods: Survival of 562 patients, consecutively admitted to an 
intensive care unit with the diagnosis acute myocardial infarction was prospectively 
assessed for > 3 years. At the time of hospital admission, patients were grouped as 
(a) non-di3bctic patients; (b) newly diagnosed type 2 diabetic patients; (c) patients 
with known type 2 diabetes not treated with sulfonylureas and (d) patients with 
known type 2 diabetes treated with sulfonylureas. Survival-analysis was performed 
according to Kaplan-Meier. 

Results: 324 patients were non-diabetics, in 86 cases type 2 diabetes was newly 
diagnosed at the time of hospital admission, 77 patients with known diabetes had 
taken sulfonylureas (glibenclamide in all cases) prior to the acute myocardial 
infarction, 75 patients were on any other antidiabetic treatment. Long-term-survival 
was significantly shorter in type 2 diabetic patients compared to the non-diabetic 
patients (p < 0.0001). However, no significant differences were observed between 
the type 2 diabetic patients treated with sulfonylurea-drugs and those receiving any 
other antidiabetic treament (p = 0.60) 

Conclusions: An antidiabetic treatment with sulfonylurea-drugs prior to acute 
myocardial infarction does not have negative effects on the long-term survival. 
Larger prospective studies will be necessary to finally clarify this question. 
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EFFECT OF CARDIAC REHABILITATRION AFTER AN ISCHEMIC HEART 
EVENT ON CARDIOVASCULAR CAPACITIES, IN TYPE 2 DIABETES. 

B.Vergfe*, B.Patois-Verges*, B.Lucas*, C.Galland-Jos*, J.MCasillas* and J.M.Brun*. 
•Service de Diabetologie,* Unite Rdadaptation Cardio-Vasculaire, CHU Dijon, France. 

Background and Aims: cardiac rehabilitation (CR), after an ischemic heart event, 
significantly improves cardiovascular capacities, in the general population. 
However, we do not know, so far, whether diabetic patients can obtain from CR a 
similar benefit than non diabetic subjects. Methods: In order to answer this question 
we performed a controlled prospective study in 38 type 2 diabetic patients (31 M, 7 
F), included in a CR program which was started less than one month after an 
ischemic heart event treated by fibrinolysis and/or angioplasty. The patients bad a 2- 
monih CR program, including 60-minute physical exercise sessions 3 times a week. 
A cycling exercise test including V02max measurement was performed in each 
patient at the beginning then at the end of the CR program. The results obtained in 
diabetic patients were compared to those from a non-diabetic control group matched 
for age, sex ratio, left ventricular ejection fraction, ischemic heart event type and 
treatment. Results: Before CR no differences between diabetic and non diabetic 
patients were observed for maximal power and V02max during the exercise test. At 
the end of the 2-month CR program, diabetic patients showed, during the final 
exercise test, significantly lower maximal power (I18±27 vs I38±35 watt, p=0.01) 
and V02max (23±7 vs 29±8 ml/mn/kg, p=0.003). Improvement of cardiovascular 
capacities was significantly reduced in diabetic patients compared to non-diabetic 
subjects especially maximal power (18.6±15 vs 29.4±20 watt,p<0.05), heart rate at 
exercise (5±10 vs 17±I5 beat/mn,p<0.001) and V02max (2.5±4 vs 6.4±5 > p=0.001). 
Among the 38 diabetic patients, we could separate a group of 21 patients who 
obtained a significant benefit from CR (V02 improvement >5%) and a group of 17 
patients who had no benefit (V02 improvement <5%). In a multivariate analysis, 
only HbAlc could significantly differentiate these 2 groups (6.6±1 vs 8.342 
%,p<0.05) when age, lipids, microalbuminuria, neuropathy, leg arteriopathy, left 
ventricular ejection fraction, ischemic heart event type and treatment were not 
different between the 2 groups. Conclusions: 1) The benefit (power, V02 max) of 
cardiac rehabilitation after an ischemic heart event is reduced in diabetic patients. 2) 
Poor glycaemic control is the main factor explaining the absence of cardiovascular 
capacities improvement, after cardiac rehabilitation, in some diabetic patients. 
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Mechanisms of Sertoli's cell-induced mitogenic effects on isolated rat islet B- 
celis: in vitro morphologic and functional, and in vivo post-transplant 
consequences. 

R. CaIafIore,G. Luca, M Calvitti, G. Basta, L.M. Ncri, E. Bccchctti, S. Capitani, A. 
Brozzctti, P. Bnmetti Department of Internal Medicine and Endocrine and Metabolic 
Sciences, University of Perugia, Perugia, Italy. 

Background and AimsiThe low mitotic activity of adult islet (I) B-cells may impair 
the long-term I transplant (TX) functional life-span. We had previously observed that 
co-incubation of rat Sertoli's cells (SC) with homologous I induced significant 
increase in B-cell mitogenesis. However, the nature of the involved mechanisms 
remained unclear. We aimed to clarify essence and specificity of the SC-rclated 
mitogenic effects, as well as their potential impact on I TX. 

Materials and MethodsrAdult Spague-Dawley (SD) rat 1 were incubated with either 
homologous pre-pubcrtal SC, or SC concentrated supernatant (S). Control astrocytes 
(AA) separated from SD rat brain cortex w ere co-incubatcd with I. Alter 12 days, the 
preparations were incubated with 5-bromodeoxyuridine (BrdU), and double-stained 
with fluorescein (FITC)-conjugated mouse anti-BrdU monoclonal antibodies (green 
signal) and tetrmhodamine-isothiocyanate (TRITC)-conjugated mouse anti-insulin 
antibodies (red signal). The samples were imaged on laser confocal microscopy 
(LCM). Insulin release from SC-I, SC-S and AA-I, statically incubated with glucose 
at different concentrations (2.5 through 16.7 mM), was determined. I and I+SC 
clusters were enveloped in our alginate/poly-L-omithinc microcapsules, and grafted 
into two groups of CD-I mice (n=5+5) with streptozotocin-induced diabetes. Blood 
glucose was monitored throughout the study. 

Results:Unlike I alone and I+AA, I+SC and I+S showed very bright fluorescence 
patterns, reflecting higher insulin signals, under LCM examination. Mitotic nuclei, as 
identified by BrdU positive staining, coincided with those of b-cells. In particular, 
quantification of BrdU-positive B-cells showed that the b-cell mitotic rate was 
significantly higher for I+SC (8.1%) and I+S (7.4%) as compared to I and I+AA 
(1%), p<0.01. In vitro insulin release was significantly greater from I+SC and I+SC S 
than for I and I+AA, upon either basal or high-glucose stimulation (p<0.01). 
Normoglycemia was restored in all recipients, regardless of the TX setting. How ever, 
at 120 days of post-TX, 3/5 mice grafted with encapsulated I+SC, while none of the 
control encapsulated I-alone group, w ere still on remission of hyperglycemia. 
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IDENTIFICATION OF TUBULAR COMPLEXES WITH PLURIPOTENT 
STEM CELLS IN THE PANCREAS OF DIABETES-PRONE BB RATS 
Gen-Sheng Wang], Michael Stellerl, Heidi Gruber 2, Peter Smyth3, Olga Pulido3, 
Lawrence Rosenberg 4, Fraser W. Scottl, 2. 1 The Ottawa Health Research Institute, 
University of Ottawa, Ottawa, Canada; 2 Nutrition Research Division, Health Canada, 
Ottawa, Canada; 3 Pathology Section, Toxicology Research Division, Health Canada, 
Ottawa, Canada; 4 Montreal General Hospital, McGill University, Montreal, Canada. 

Background and Aims: Tubular complexes (TC) have been reported in pancreatitis, ductal 
wrapping, chemically induced pancreatic carcinogenesis, pancreatectomy, and strcplozotocin- 
induccd diabetes. However, these structures have not been documented in spontaneous models 
of type 1 diabetes, such as the diabetes-prone BioBreeding (BBdp) rat. 

Materials and Methods: Groups of BBdp and BB control (BBc) rats with 10-40 animals were 
fed a standard cereal-based rodent diet from weaning until 150 <1 Pancreata from rats aged 7- 
150 d were fixed in Bouin’s solution. Pancreatic sections were stained with H&E, and 
antibodies for insulin, glucagon, homeodomain-containing transcription factor pancreas 
duodenum homeobox gene-1 (PDX-1), keratin, c) to keratin 20 (CK20), PCNA, and nestin. 
Results: TC were seen infrequently (10%) in both BBc and BBdp rats younger than 30 d, were 
absent between 30-52 d and re-appeared only in BBdp and diabetic rats older than 52 d. The 
frequency of TC increased in BBdp rats to 40% around 90 d, which is similar to the mean age 
of onset of diabetes. Typical TC w ere composed of duct-like structures w ith low cuboidal or 
flattened cells (keratin positive, CK 20 negative) surrounding a large acinar lumen, and islets 
with insulin positive, glucagon positive, PDX-1 positive, keratin negative, and CK 20 negative 
cells. Islets outside of the TC were keratin positive. Non-islet regions of TC were composed 
mainly of acinar, ductule and inflammatory cells. Duct-like acinar cells w ere PDX-1 negative 
and characterized by a loss of zymogen granules, increased expression of keratin, PCNA and 
increased apoptosis. Increased expression of nestin, a marker of pluripotent cells in the 
pancreas, was found in TC. TC in animals subjected to pancreatic duct wrapping, a means of 
enhancing islet neogencsis, were 6 times more frequent than in sham controls. 

Conclusions: We showed, for the first time, that TC are normally infrequent in BB rats, but 
recur in adolescent BBdp rats with pancreatic islet injury’ by the de-differentiation of acinar 
cells into pluripotent duct-likc cells from which new islets bud. These data suggest that the 
formation of tubular complexes in the pancreas is a form of neogenesis that is an attempt to 
compensate for islet injury. (Supported by JDF, CIHR, ORDCF, and Health Canada) 
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R Redifferentiation of expanded human beta cells to insulin producing cells 
T. Bouckenooghe, B. Vandewalle, J. Kerr-Conte, S. BelaTch, B. Lukowiak, V. Gmyr, 
J. Lefebvre and F. Pattou. UPRES 1048/ERM 106, Faculte de Medecine, Place de 
Verdun, 59045 Lille, France. 

Background and Aims: The need for transplantable human islets has stimulated 
strategies to produce islet neogenesis and/or initiate islet growth. In the healthy adult 
pancreas, the cell proliferative capacity is low, however, pancreatic cell replication, 
can be induced under experimental conditions. In vitro studies on beta cell 
proliferation performed on extracellular matrices plus growth factors have 
demonstrated a possible cell replication which was however accompanied by a loss of 
insulin secretion. The aim of this study was to try to reexpress human beta cell 
secreting capacity after in vitro cell expansion of human beta cells. 

Materials and Methods: The core of human pancreatic islets isolated from 5-7 
cadaveric donors and consisting mainly in beta cells, were cultured on HTB-9 cell 
matrices plus 10 ng/ml HGF with the addition or not of compounds known for their 
stimulatory properties on cell differentiation and/or insulin secretion. The potency of 
the tested compounds (Activin-A, TGF-b, calcitriol, sodium butyrate, GLP-1, 
Exendin-4, Nicotinamide and some of their association), was asscsed on insulin, 
PDX-1, Glutl, Glut3 and glucokinase gene expression after 14 day culture as well as 
on insulin secretion. 

Results: In proliferating control cells, the remaining insulin secretion was 10% of 
starting culture after 14 day culture and the remaining insulin gene expression only 
5%. The expression of the other genes implicated in the control of insulin synthesis 
and secretion was 36%, 66%, 75%, and 87% for PDX-1, glucokinase, Glutl and Glut 
3 respectively compared to starting conditions. 

Reversal potencies were mainly observed with sodium butyrate which, compared to 
control cultures, enhanced 2-3 fold the insulin, PDX-1 and glucokinase gene 
expression, and the association nicotinamide plus sodium butyrate which produced a 2 
fold increase of insulin secretion. In contrast, Glutl gene expression was up regulated 
by TGF-b. 

Conclusions: Thus, expanding dedifferentiated beta cells can be directed to 
redifferentiate under stimulating culture conditions. This preliminary approach may 
be of interest as a modality for treatment of type I diabetes. 
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Effect of sodium tungstate upon pancreatic islet growth. 

J.Femandez-AIvarez, J.J.Gagliardino*, H. Del Zotto*, B.Nadal and RGomis. 
Endocrinology and Diabetes Unit, Medical Dpt, IDIBAPS/Hospital Clinic, Barcelona 
University, Spain. *CENEXA (UNLP-CON1CET), La Plata, Argentina. 

Background: Administration of sodium tungstate (Na204W) to different animal of Diabetes 
Mellitus (STZ and nSTZ) normalises blood glucose levels. 

Aim: To demostrate the possible effect of Na204W upon B-cell replication, islet neogenesis 
and B-cell apoptosis. 

Material and Methods: We have used different experimental groups: a) Normal Wistar-Furth 
rats, b) STZ-Wistar-Furth rats, and c) STZ-trcatcd Wistar-Furth rats transplanted with isogenic 
islets (STZ+Tx) under the renal capsule (number of transplanted islets insufficient to maintain 
normoglycemia). AH groups have an additional subgroup receiving Na204W in the drinking 
water (2 mg/ml). Serum glucose and insulin levels were periodically measured, while 
immunomorphomctric studies were performed in section of fixed pancreas, B cells Vvi, B-cell 
replication rate (PCNA), islet neogenesis (Cytokerauns), and B-cell apoptosis (Propidium 
Iodide). 

Results: Na204W administration to STZ+Tx diabetic animals normalised glucose values 
(108.67+5.0 mg/dl vs 494.0Q+5.0 mg/dl, pO.OOl). Changes in glycemia were accompanied by 
a significant increase in serum insulin levels (3.72+0.99 ng/ml vs. 0.88+0.23 cg/ml; p<0.01). 
Islet B-ccIl Vvi: Na204W did not induce significant changes in control and in STZ animals, but 
increased 25 times in SZT+Tx rats. Extra insular B-cell Vvi: Na204W induced an increase of 
1.3 times in control rats, of 4 times in STZ + Tx. Acinar PCNA: Na204W induced an increase 
of 49 times in control animals, of 8 times in STZ rats, and of 420 times in the STZ+Tx. Ductal 
PCNA: Na204W induced an increase of 22 times in control animals, of 9 times in the STZ 
group, and of 6 times in the STZ+Tx group. Insular PCNA: Na204W induced an increase of 
102 times in the control group, and of > 1000 times in the STZ+Tx group, while no changes 
were observed in the STZ group. Na20+W induced a marked increase in the size and insulin 
immunoreactivity of B cells of the islets transplanted under the renal capsule. B-cell apoptotic 
rate: it was a marked increase in STZ animals+hat decreased 14 times after Na204W 
administration. This effect was more marked in the STZ+Tx animals. Signs of increased 
neogenesis (immunocytokeratin positive stain) were observed in all groups after Na204W 
administration. 

Conclusion: the marked stimulatory effect of W upon B-cell replication rate and islet 
neogenesis, together with its inhibitory effect upon B-cell apoptotic rate, and the consequent 
amelioration of glucose homeostasis, suggest that it could be a suitable alternative for the 
treatment of conditions characterized by a decrease in B-ccll mass. 
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P38 MITOGEN ACTIVATED PROTEIN KINASE (MAPK) SIGNALLING IS 
REQUIRED FOR HUMAN BETA-CELL DIFFERENTIATION 
B. Tyrberg, D. Dufayet de la Tour, S.-J.Yoo, P. Itkin-Ansari, and F. Levine. UCSD 
Cancer Center, 10901 N. Torrey Pines Rd, La Jolla 92037-0912, California, USA. 

Background and Aims: Recently we developed the first human pancreatic pre beta-cell line, 
Blox5, that is able to differentiate into glucose responsive insulin secreting cells when 
expressing Pdx-1 during stimulation by the GLP-1 analogue exendin-4 (Ex4) and pseudo-islet 
formation. While there has been much progress in the understanding of transcription factor 
expression in beta-cell differentiation, the signalling pathways that determine and maintain the 
endocrine cell phenotype are poorly understood. Therefore, the aim of this study was to 
investigate different signalling pathways involved in the regulation of beta-cell ddTercntiation. 
Materials and Methods: The human pre beta-cell line BloxSPdx, which express Pdx-1 after 
Pdx-I gene insertion, and the sub-population Blox5NI, which albeit the Pdx-1 gene is inserted 
does not differentiate, were studied for GLP-I receptor (GLP1R) downstream signalling with 
10 nM Ex4 during formation of pseudo-islets. Immunohistochemistry and western blotting 
were performed with antibodies against phosphorylatcd or non-phosphorylated p44/42MAPK, 
JNK/SAPK MAPK or p38MAPK, in combination with determination of insulin production by 
ELISA (detection limit 0.4 pM). Human pancreatic specimens were also studied with 
immunohistochemistry for phospho-p38MAPK in combination w ith insulin or the duct cell 
marker cytokcratin 19. 

Results: Signalling through p44/42MAPK, JN’K/SAPK MAPK and p38MAPK pathways were 
active after Ex4 induced differentiation of BloxSPdx pseudo-islets. Following Ex4 stimulation 
of BIox5NI cells, p44/42 MAPK and JNK/SAPK MAPK signalling were also active, however, 
p38 MAPK was not activated Inhibition of the GLPIR induced p38MAPK pathway by 10 mM 
SB203580 in BloxSPdx cells dining pseudo-islet formation, led to inhibition of insulin 
production and differentiation (0.4 pM/24h with SB203580 vs. 287±25 pM/24h without). 
Moreover, activation of p38MAPK with 200 nM anisomycin in BIox5NI during GLPIR 
stimulation and pscudo-islct formation, partially restored insulin production (2.50.9 pM/24h 
vs. <0.4 pM/24h without anisomycin). We also found that in human pancrcata the active form 
of p38MAPK is present only in insulin positive islet cells and in the ductal cells, which are 
believed to be the beta-cell precursors. 

Conclusions: Activation of the p38MAPK pathway is required but not sufficient for insulin 
expression and pancreatic beta-cell differentiation in human pre bcta-cclIs in vitro. Moreover, 
in human pancreas, activated p38MAPK is only associated with insulin producing cells and 
ductal bcta-ccll precursors. 
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The effects of nicotinamide and dexamethasone on beta-cell maturation. 

Jaan Paigi, Jarkko Ustinov and Timo Otonkoski. 

Haartman Institute, Transplantation Laboratory, University of Helsinki, Finland 

Background and Aims: Although a lot has been learned on the molecular 
mechanisms responsible for the differentiation of endocrine pancreatic cells, the 
important steps leading to full exocytotic maturity are not understood. The aim of this 
study was to find out which beta-cell or islet specific gene expression changes are 
associated with nicotinamide- and dexamelhasone-induced differentiation of porcine 
fetal pancreatic cells. 

Methods: Fetal pig pancreases (gestational age 90±5 days) were digested with 
collagenase and cultured for 14 days in RPMI1640 medium containing human serum 
and either 10 mM nicotinamide (NA) or 200 ng/ml dexamethasone (DXM). Insulin 
release from the islet-like cell clusters was studied with perifusion. For analysis of the 
gene expression profile we developed a cDNA dot-anay method, allowing the 
simultaneous hybridization of labelled RNA samples (5 pg of total RNA) with 48 
probes of interest in duplicate. 

Results: Insulin expression was not maintained in culture while glucagon and 
somatostatin were upregulated in the absence of NA or DXM. Both NA and DXM 
potently increased the insulin content, but only NA induced functional maturation in 
terms of glucose-sensitive insulin release. Insulin mRNA was increased 200-fold by 
NA and 70-fold by DXM. NA, unlike DXM, also upregulated SUR1, glucokinase, 
pdx-1 and Nkx 6.1 mRNAs. HES-1 (known as a suppressor of endocrine 
differentiation) was clearly detectable after DXM treatment but not in the other 
samples. A low level expression of the exocrine transcription factor p48 was 
maintained only in the presence of DXM. Reg expression was fully downregulated 
after NA but highly expressed after DXM treatment. 

Conclusion: NA-induced functional beta-cell maturation, in contrast with DXM- 
induced upregulation of insulin mRNA without functional maturation, provides a 
model for the profiling of gene expression in order to gain understanding of the 
molecular mechanisms controlling beta-cell maturation. 
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HNF3b is required for maintaining a-ceJU phenotype but not b-celi gene 
expression in differentiated islet cells 

Haiyan Wang, Benoit Gauthier, and Claes B. Wollheim, Division de Biochimie 
Clinique, Centre Medical Universitaire, 1211 Geneve 4, Switzerland 

Background and Aims: The HNF3 family of transcription factors, encoded by three genes 
HNF3a, HNF3b, and HNF3g, is necessary for the development and differentiation of the 
pancreas and liver. HNF3a and HNF3g regulate glucose homeostasis by activation respectively 
of pancreatic glucagon and hepatic gluconeogenic enzymes. HNF3b, which is expressed in 
islets, has been suggested as the upstream transactivator of HNF4a, HNFla, Pdxl, and 
NeuroD/beta2, in the transcriptional hierarchy. The present study was designed to evaluate the 
role of HNF3b in regulation of pancreatic gene expression in differentiated islet cells. 
Methods: The tctracyclinc-inducible system was employed to achieve tightly controlled 
expression of either HNF3b or its dominant-negative mutant, DN-HNF3b, in INS-1-derived 
INSrab clone showing both a- and b-cell phenotypes. Quantitative Northern blotting was 
performed using total RNA isolated from INSrab stable clones expressing HNF3b or DN- 
HNF3b. Cells were cultured in 2.5 mM glucose medium with or without 500 ng/ml doxycycline 
for 24 h, and continued for 8 h in 2.5, 6, 12, or 24 mM glucose medium. Results: After 
induction of DN-HNF3b, the glucagon mRNA level was reduced by 90%, whereas the 
expression of b-cell specific genes, insulin, IAPP, GLUT2 and Nkx6.1 remained constant The 
expression of HNF4a, HNFla, Pdxl, NcuroD/b2, Nkx2.2, Pax4, and Pa\6, was not altered by 
induction of DN-HNF3b, while the Isl-1 transcript level was decreased by 90%. In addition, 
HNF3b function was not required for the gene expression of the glycolytic enzymes, 
glucokinase, L-pynivate kinase (L-PK), aldolase B, and GAPDH, and mitochondrial proteins, 
citrate synthase, ANTI, and ANT2. In contrast, overexpression of HNF3b in INSrab cells 
increased the glucagon mRNA level by two-fold. On the other hand induction of HNF3b 
suppressed the expression of the b-ccll specific genes, insulin and IAPP by 50% and 60%, 
respectively. The mRNA levels of GLUT2 and glucokinase, which are implicated in glucose- 
sensing, were reduced by 90%, and 80%, respectively, after induction of HNF3b. As a result, 
the glucosc-responsivencss of L-PK and aldolase B mRNA expression was blunted by 
overexpression of HNF3b. However, induction of HNF3b drastically raised the aldolase B 
mRNA level at 2.5 and 6 mM glucose. It also caused a 3 fold increase in the mRNA level of 
C/EBPb and 90% reduction in the expression of HNF4a and HNFla. Conclusions: HNF3b is 
required for maintainin g a-cell phcnotjpc in differentiated islet cells. Overexpression of 
HNF3b promotes activation of glucagon and suppresses b-ccll gene expression and glucosc- 
sensing. 
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Critkal Factors for the Endocrine Differentiation of Cultured Adult Human 
Ductal Cells 

R. Gao, J. Ustinov, M.A. Huotari, O. Korsgren* and T. Otonkoski. Transplantation 
Laboratory, Haartman Institute, University of Helsinki and the *Department of 
Clinical Immunology, University of Uppsala 

Background and Aims: Shortage of donor organs is the major limitation in the 
development of beta-cell transplantation therapies for diabetes. It was recently 
reported that it is possible to induce endocrine differentiation from the ductal 
epithelial cells. Here we have reproduced the published method and aim to define the 
critical determinants required for endocrine differentiation in the adult human 
pancreatic ductal cell culture. Materials and Methods: Fractions of six human 
pancreatic digests were shipped from Uppsala and used for these studies. After initial 
attachment and monolayer expansion in the presence of serum, the cells were 
transferred to serum free medium (DMEM/F12 supplemented with lOng/ml FGF-7 
and lOmM nicotinamide). The cells were then overlaid with Matrigel. Cells were 
harvested for analysis after a total of 4-5 weeks in culture. Results: The original tissue 
contained 50±3% ductal (CK19-positive) cells and 9±1% insulin positive cells. 
During monolayer expansion, the proportion of ductal cells increased to 76±5% while 
the insulin-positive cells decreased to 2±0.3%. We were able to reproduce the 
previously published findings by demonstrating the development of cyst-like 
structures through the Matrigel layer, with numerous small dense cultivated human 
islet buds'CHIBs* growing out of the cyst walls. The CHIBs are likely to represent 
newly formed islets, since they contained I9±2% insulin-, and I3±l% glucagon¬ 
positive cells and colocalization of the two hormones in many cells. There was no 
cyst development at all if the cells were maintained in serum-containing medium. 
Also the N fa trigel overlay procedure was found to be absolutely necessary. 
Furthermore, if the ductal cells were allowed to grow on another matrix found to 
support their growth (the 804G matrix), this also prevented the development of 
CHIBs. Omission of nicotinamide from the medium decreased both the number of 
CHIBs and their insulin content per DNA by about 40%. Conclusions: Our studies 
confirm that it is possible to induce a low degree of endocrine differentiation from 
adult human pancreatic ductal cells in long-term tissue culture. Serum-free conditions 
are essential for this process, indicating that serum contains growth factors inhibiting 
differentiation. 
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Kidney-islet transplantation in patients with type I diabetes: twelve years clinical 
follow-up 

P. Mafifi. F. Bertuzzi, C. Socci, D. Guiducci, L.AJdrighetti, E. Angeli, A. Seccchi, V. 
Di Carlo. Scientific Institute San Raffaele, Nfilanjtaly. 

Background and aims. Remarkable success has recently been reportedin patients with type 
Idiabctes who underwent islet transplantation alone (Edmonton experience). The rate of success 
after kidney-islet transplant is still a topic of discussion (Islet International Registry report). The 
aims of our study were to analyze the clinical outcome of kidney-islet transplants during a long¬ 
term follow-up and to chacarterized the main factors affecting the islet function. 

Materials and Methods. 45 islets transplantations were performed in IDDM patients 
simultaneously or after a kidney graft. In all cases the islets were isolated with the modified 
automated method and they were infused in the liver under local anaesthesia. The study was 
divided into 2 Eras (1st Era 1989-1996,23 cases;2nd Era:1998-2001: 22 cascs),according to the 
following modifications which were included in the protocol beginning from 1998:anlysis of 
[Ca2a]i changes and monocyte cheattractant protein-1 secretion as control of islets 
viability;lovvdoses/withdrawalof steroids and use of metformin to reduce the insulin resistance, 
the immunosuppression was the same during the both Eras,exccpt for stcrois:ALG or ATG for 
induction,cyclosporine plus azatioprine or micofenolate mofetyl for chronic therapy. The 
complications werc:emopcritoncous (3 cases),spontancousIy solvcd,emothorax (2 cases)solved 
with transcutaneous drainage; serum sick syndrome (1 casc);kidney rejection (2 cases) solved 
with steroids bolus. 

Results. Only patients who received >6,000 islet equivalent number/kg were considered (1st 
Era: 13 cases; 2nd Era: all cases). In all cases the fasting C-pcptide afetr the islet ptransplant 
was > 1 ng/ml. 1st Era: the Exogenous Insulin requirement (EIR) dccreased<50%of the pre 
transplant dose in 7% of cases and in 54% of cases the insulin therapy was stoppcd,but only 1 
patient maintained the insulin independence for >2 years; the HbAlc was 7.4+/-1 after 1 year. 
2nd Era:thc EIR decreased <50% of the prctransplant dose in 32% of cases and 59% of patients 
stopped insulin therapy. Among them 38% resumed insulin therapy, 8 patients are still insulin 
free; in 3 cases the insulin independence is lasting >2 years. The HbA 1 c was 6.2+/-0.7 after 1 
year (the difference between the 2 Eras was statistically significant). 

Conclusion. The islet transplantaion, associated with kidney, completely replaces the endocrine 
function of pancreas in IDDM patients in >50% of cases. The improvement of islet preparation 
quality and the reduction of insulin resistance seem to be factors affecting the clinical outcome 
and the lasting of function. 
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Stable in-situ cbimensm is a key to graft acceptance in MHC-compatible rat 
pancreas transplantation 

M-Tori, C.F. Barker, and A Naji. Dept, of Surgery, University of Pennsylvania, 
Philadelphia, PA USA 

Background and Aims: “Chimerism” is still controversial concept in the regulation of graft 
acceptance or tolerance in organ transplantation. We examined what is essential in the 
regulation of pancreas graft acceptance in a MHC-compatible combination. 

Materials and Methods: Diabetes-prone BB (DP-BB) rats (RTIu, RT7.I) were transplanted 
with pancreaticoduodenal (PD) grafts from MHC-compatible WF rats (RTIu, RT7.2). Time- 
course analyses (2w, 4w, and 120days postgrafting or on graft failure) of recipient spleens 
(representative of recipient systemic environment), recipient paraaortic Ijraph nodes 
(representative of recipient local environment close to the graft), and graft pancreatic lymph 
nodes (representative of graft environment) were made using multi-color flow cjtomctiy 
including intracellular cytokine expression and MLR to donor WF. 

Results: Without immunosuppression, transplanted recipients were found to have resulted in 
three groups: Group (I) graft acceptance (>120 days) with systemic (splenic) macrochimerism 
(n=9), (H) graft acceptance (>120 days) without systemic macrochimerism (n=6), and (III) 
autoimmune recurrence (rcc.) + rejection (rcj.) (n=8, graft survival; 45.0 plusminus 26.7 days). 
In group (I), each time, flow cytometric analysis showed macrochimerism in each organ (on 
120days: RT7.2+T/T>85%) with remarkable proliferation of donor-derived NKR- 
Pl+TCRaIphabcta+(NKT) cells predominantly CD8+ (on 120days: in spleen NKT/T=I5.7 
plusminus 3.3 % cf.naivc-DP-BB; NKT/T=2.0 plusminus 0.4 %). On the other hand, in group 
(II), donor-derived chimcrism was found both in pancreatic lymph nodes (on I20days: 
RT7.2+T/T=96.4 plusminus 2.4 %) and in paraaortic lymph nodes (on I20days: 
RT7.2+T/T~22.0 plusminus 9.9 %) though no chimcrism (<0.1%) was found in splenic T cells 
on 120days. In group(III), on rcc.+rej., no chimcrism (<0.1 %) was found in all of the organs. In 
the pancreatic lymph nodes of the rcc.+rej. recipients, recipient-derived NKT cells, 
predominantly CD8+, were remarkably proliferated (NKT/T=9.4 plusminus 2.8 %) and more 
than 40% of those NKT cells were intracellular IFN-gamma+, and T cells of those pancreatic 
lymph nodes show ed significantly high MLR response to WF, compared w ith those of the other 
organs and those of the other groups. Further quantitative PCR analyses of the hmphocjtcs in 
each organ in all groups in terms of chimcrism and cytokine expression which support those 
results are being examined 

Conclusions: Our striking new concept “stable in-situ chimcrism” with recipient chimeric 
paraaortic lymph node cells as a sentinel is a key to PD graft acceptance in MHC-compatible 
pancreas transplantation. 
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REDUCTION OF BLOOD GLUCOSE VARIABILITY BY ISLET 
TRANSPLANTATION: INTEREST OF CONTINUOUS GLUCOSE MONITORING 
L. Kessler 1 , P.Y. Benhamou 2 , R. Passemard 1 , P. Bucher 3 , C. To$o\ L. Meyer 1 , J. 
Oberholzer 3 , F. Penfomis 4 , L. Badei 5 , P. Wolf 1 , P. Morel 3 and M. Pinget 1 on behalf of 
the GRAGIL Group. H6pitaux Universitaires, Strasbourg (1), Grenoble (2), Besancon 
(4), Lyon (5) France; Genfcve (3) Suisse 

Background and Aim s: To compare the glycemic profile of type I diabetic patients 
treated by an implantable insulin pump or a pancreas or an islet transplantation by the 
mean of the Continous Glucose Monitoring System (CGMS, Minimed Inc, Sylmar, 
CA). Materials and Methods : The CGMS enabled to record subcutaneous 
concentrations of glucose (range 2.2-22 mmol/1) during 72 hours (288 measurements 
per day). These measurements needed to be validated by 4 capillaty blood glucose pen- 
day (calibration). During 3 days, CGMS was connected to 19 type I diabetic patients: 
six patients (age: 49.8±7.4 years, diabetes duration: 31111.3 years) were treated by 
intrapcritoneal insulin infusion with implantable pump (group IPII), eight patients 
(age: 42.2111.6 years, diabetes duration: 27.218.7 years) by simultaneous kidney 
pancreas transplantation (group SPK) and 5 patients (age: 43.3113.6 years, diabetes 
duration: 26.6112.5 years) by pancreatic islet transplantation after kidney graft (group 
IAK). All SPK patients and two IAK patient were insulin-independent, while three IAK 
patients had partial graft function and reduced exogenous insulin needs. 
Immunosuppression therapy of all transplanted patients associated ciclosporine, 
mycophcnolate mofetil and steroid (0 to 5mg/l). Glucose control was evaluated by the 
measure of mean glucose concentrations and mean amplitude of glycemic excursions 
(MAGE index) during 3 days and by HbA 1C. Statistical analysis was performed by an 
ANOVA test followed by a Studcnt-Newmann-Keuls test. Results : During 3 days, both 
mean glucose concentrations and mean amplitude of glycemic excursions in pancreas 
and islet transplanted patients were significantly lower than that observed in patients 
treated by IPII: 5.38 11.12 and 6.0210.86 vs 8.0611.03 mM (p<0.001) and 1.4410.42 
and 1.4210.57 vs 3.4610.71 mM (p<0.001), respectively. Furthermore, the mean 
glucose concentrations and the fluctuations in blood glucose concentrations were 
comparable in patients treated by pancreas or islet transplantation. HbAIC in patients 
treated by pancreas or islet transplantation were 5.3510.37% and 6.0311.02%, 
respectively, while this value reached 7.2110.55% in patients treated by IPII 
(p<0.001). Conclusions : continuous subcutaneous glucose monitoring suggests that 
islet transplantation can be as efficient as pancreas transplantation and superior to 
implantable insulin pump in restoring a good metabolic control and reducing blood 
glucose variability. 
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SPECIFIC PATHOGEN FREE PIG ISLETS DO NOT TRANSMIT FULL 
LENGTH OR SUBGENOMIC RETROVIRAL SEQUENCES TO HUMAN 
CELLS, DURING IN VITRO COINCUBATIONS. 

M. Martignat, B. Clemenceau, D. Jegou, and P. Sal. Cellular and Molecular Immuno- 
Endocrinology, INRA/ENVN/University, Nantes, France. 

Background and Aims: Pig islets may be grafted into Type 1 diabetic patients. The use of 
islets from specific pathogen-free (SPF) pigs could prevent transmission ofconvcntional 
zoonosis’ from pigs to humans, but not of pig endogenous retroviruses (PERV). The risk of 
PERV transmission may partly depend on the tissue to be grafted. Our previous w ork indicated 
that pancreas expressed the lowest levels of PERV mRNAs among pig tissues intended for 
grafting. The aim of the present w ork was to determine whether the presence of PERV group 
gamma-1 mRNAs in pig islets could produce infection of human cells during in vitro co¬ 
incubations. 

Materials and Methods: Human cell lines (293, n=3; Jurkat, n=8, K526, n=l) or peripheral 
blood mononuclear cells (PBMC, n=2) were co-incubated with pig islet cells from SPF pigs, 
under conditions designed to increase the probability of contact between pig and human cells 
(high islet/human cell ratio, extended period of coculture and repeated contacts). Irradiated 
PK15 and G2 retrovirus-producing pig cell lines were used in place of islet cells as’positive 
infection controls'. Infection of human target cells w as monitored both on cellular extracts and 
cell culture supernatants. PCR and long PCR were performed to detect PERV DNA, and RT- 
PCR and long RT-PCR to detect PERV mRNA. Additionally, PERT assays were used for 
detection of reverse transcriptase activity on the corresponding surpematants. 

Results: Despite the presence of all PERV sequences, including full-length PERV inserts, in 
pig islet cells (n=6), no signals for gag, pol, and env of PERV, could be detected at DNA and 
RNA lev els in any human cell line or PBMC co-incubaicd with pig islet cells. Surpematants 
also remained negative. These results were verified in all experimental coculture conditions 
tested In contrast, full-length PERV inserts and PERV mRNA transcripts for gag, pol, and env 
were detected in the same human cells previously co-incubated with pig PK15 or G2 cell lines. 
PK15 cells transmitted env-A and -B, whereas G2 cells transmitted cnv-C, in addition to env-A 
and -B. 

Conclusions: These results suggest that SPF pig islet cells, despite full-length PERV inserts 
and transcription of PERV sequences, do not transmit PERV sequences to human cells during 
in vitro co-incubation under the present experimental conditions. 
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PRESERVED LONG-TERM BETA CELL FUNCTION AND GLUCOSE 
TURNOVER IN KIDNEY-PANCREAS TRANSPLANT PATIENTS 
T.G.Jenssen, P.D.Kumar, K.K-Lund, I.Brekke, K.I.Birkeland* and A.Hartmann 
Rikshospitalet and Aker S>kehus*. Norway 

Background and Aims: Patients with diabetes undergoing kidney-pancreas 
transplantation are treated with immunosuppressive drugs, which potentially 
deteriorate beta cell function and insulin sensitivity. The present study was 
undertaken to test the long-term beta cell capacity as well as glucose tolerance and 
turnover in recipients with functioning kidney-pancreas grafts. Materials and 
Methods: Seven diabetic patients with functioning kidney-pancreas allografts 
(group I) were compared to 8 non-diabetic patients with a normal intravenous 
glucose tolerance test (IVGTT) and a functioning single kidney allograft (group 2) 
2-9 years after transplantation. The two groups received similar doses of 
immunosuppressive drugs (prednisolone 7.5 vs. 8.0 mg/day and CyA 225 vs. 231 
mg/day). Both groups were examined by an IVGTT and a euglyccmic 
hyperglycemic clamp (EHC) designed to half-maximaliy suppress endogenous 
glucose production. Total glucose turnover was measured by 3- 3 H-g!ucose added 
to the glucose infusate. Results: The glucose excursions after the IVGTT were 
identical in group 1 and 2 (AUC 1016±30 vs.981±56 mM (n.s., SEM). First and 
second phase insulin release were significantly higher in group I compared to 
group 2 (1st phase 12.8±0.8 vs. 9.2±0.7 nM, 2nd phase 44.5±6.7 vs. 22.4±8.1 nM, 
p<0.0l for both comparisons). However, AUC C-peptide was identical (352±68 
vs. 426±45 nM). During EHC the average plasma insulin was higher in group 1 
than in group 2 (390168 vs. 195±32 pmol/1, p<0.01). Despite this the two groups 
were identical in terms of peripheral glucose uptake (17.4±1.4 vs. 162±L3 
umol/kg/min), and percent suppression of endogenous glucose production (63±4 
vs. 58±3%) and free fatty acids (73±9 vs. 69i8%). Due to hyperinsulinemia the 
insulin sensitivity index for glucose uptake in group 1 was only half of that in 
group 2 (0.0410.003 vs, 0.0910.01, p<0.01). Conclusions: Diabetic patients with 
functioning pancreas allografts have, despite significant hyperinsulinemia, a 
glucose turnover identical to normoglycemic non-diabetic renal transplant patients. 
Insulin sensitivity is accordingly down-regulated. Since C-peptide release is not 
elevated, the hyperinsulinemia in patients with pancreas allografts is probably 
caused by the absence of first pass liver uptake of insulin. 
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Course of diabetic retinopathy and polyneuropathy after successful simultaneous 
pancreas and kidney transplantation: Results of long-term follow-up 

RKoznarova, F.Saudek, T.Sosna, P.Boucek, T.Jedinakova, V.Bartos and M.Adamec. 
Institute for Clinical and Experimental Medicine, Prague, Czech Rep. 

Background and Aims: Simultaneous pancreas and kidney transplantation (SPK) is performed 
in patients with advanced forms of microvascular disease, whose modulation by induction of 
nonnoglycemia has become subject of intensive research. We report preliminary results of 
follow-up of diabetic retinopathy (DR) and polyneuropathy (PN) after SPK. 

Materials and Methods: We examined 118 subjects with Type I diabetes divided into two 
subgroups: (1) patients after successful SPK - SPK group (n=67, mean follow-up period of 54 
months), (2) patients with a functioning kidney graft only - K group (n=51, follow-up period 73 
months). The patients had an ophthalmologic examination including visual acuity, fundoscopy, 
and assessment of the need of laser therapy. Neurological examination included 
electromyography (EMG) and clinical assessment of grade of PN. The examinations were 
performed before transplantation (Tx) and at the end of follow-up (minimum one year). Results 
after 3 years were available in 72 patients; additionally, DR could be assessed in 19 patients 5 
years post-Tx. 

Results: Mean (±SD) visual acuity in the SPK group improved slightly, albeit non-significantly 
(the values at baseline and at the end of follow-up w ere 0.43±0.37 and 0.44±0.36, respectively). 
A non-significant deterioration of results occurcd in the K group (0.46±0.36 and 0.33±0.32). 
However, an inter-group comparison revealed a significantly different couisc of visual acuity 
between the groups post-Tx (SPK vs K p<0.01). This trend was also evident in the group of 
patients with a documented 5-year-follow-up (pO.05). Fundoscopy at the end of follow-up 
showed more findings of stabilisation or improvement of DR in the SPK group compared with 
the K group (pO.OOl). Similar results were obtained when assessing the findings at 3 years 
post-Tx. The post-Tx course w as associated with a significantly low er need of laser therapy in 
the SPK than in the K group (30.7 vs 57.5%, p<0.001). At the end of follow-up, EMG of the 
n.mcdianus showed an improvement of nerve conduction velocity in the SPK group in 
comparison with the K group where a decrease was demonstrated (p<0.05). The difference w as 
evident after 3 years of follow-up (p<0.05). An improvement of the results of the clinical 
assessment of PN occurcd in the SPK group whereas the findings were unaltered in the K 
group. The inter-group difference was significant (p<0.01). 

Conclusions: The results of the study suggest that pancreas Tx has beneficial effect on the 
course of diabetic retinopathy and polyneuropathy. 

Supported by grant ND 5295-3 IGA MZCR. 
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NORMALIZATION OF PLATELETS CHRONIC ACTIVATION AFTER 
KIDNEY-PANCREAS TRANSPLANTATION IN UREMIC TYPE I 
DIABETIC PATIENTS. A POSSIBLE ROLE FOR PAR1-PAR3 RECEPTOR 

P Fiorina, F Bifari, F Pellagatta, M Melandri, C Fedeli, L Veschini, E Ferrero, G 
Pozza, V Di Carlo, F Folli, A Secchi. San Raffaele Scientific Institute, Milan. 

Background and Aims: Platelet hypcrfunction is a typical feature of chronic complications of 
diabetes. Diabetic uremic patients are at high risk of cardiovascular mortality, with a tendency 
to a prothrombotic state. Intracellular ionized calcium is involved in the mechanism of signal 
trasduction that lead to platelets activation. Previous studies showed lh3t platelets’ calcium 
homeostasis is impaired in uremic type 1 diabetic patients in the directions of a chronic 
activation. Our aim was to show the effect of kidncy-pancrcas transplantation (by restoring 
euglycemia and normalisation of uremic state) on platelets’ calcium homeostasis and the 
underlying mechanisms. 

Materials and Methods: 20 uremic type 1 diabetic patients, enrolled from our wailing list, 
matched for age, sex, diabetes duration and dialysis duration underwent kidney-pancreas 
transplantation (KP, n=Il) or remained on dialysis (diabetic uremic (WL), n=9J. Blood 
platelets were processed and loaded with Fura-2 to study intracellular ionized calcium ([Ca2+]0 
both in resting condition and after a stimulus with 0.5, 0.1 and 0.05 U human thrombin 
respectiv ely. The ([Ca2+]i) levels were analyzed in resting condition, as peak after stimulus and 
plateau. Moreover, platelets underwent FACS analysis to study receptor expression of P- 
selectin (CD63), Gpll/lIIa (CD62), PARI and PAR 3 receptor. 

Results: Resting ([Ca2+]i), the most sensible index of basal platelet activation, was higher in 
WL than in KP patients (WL =134.0±8.1 vs KP=96.6±9.1, p<0.01). The peak after the stimulus 
was higher in KP than in WL (at 0.5 U: WL=774.0±101.3 vs. KP=1332.I±267.9, p=0.09, at 0.1 
U: WL=478.2±56.8 vs. KP=803.3±89.9, p=0.02; at 0.05 U: WL=429.6±42.5 vs 
KP=600.4±75.3, p=0.08). No differences w ere evident for the plateau. Finally, it w as observed 
that a different expression of PARI and PAR3 expression was evident in the 2 groups of 
patients. 

Conclusions: A possible role for this pathway should be claimed in the derangement of 
platelets calcium homeostasis in uremic type 1 diabetic patients and in the normalization, which 
occur in KP group. Res tewing of euglycemia and normalization of uremia is able to normalize 
almost all platelet alterations evident in uremic type 1 diabetic patients. Particularly, chronic 
platelets activation seems to be normalized after kidney-pancreas transplantation. 
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CARDIOVASCULAR (CV) RISK FACTORS (RF) IN RECIPIENTS OF 
SUCCESSFUL KIDNEY-PANCREAS OR KIDNEY TRANSPLANTATION. 

A. Coppelli, U. Boggi, R. Giannarelli M. Aragona, G. Rizzo, G. PaleoJogo, F. 
Vistoli, F. Mosca, S. Del Prato, P. Marchetti. University of Pisa, Pisa, Italy. 

Background and Aims: Cardiovascular disease (CD) is the main cause of morbidity 
and mortality in patients with organ transplantation, mainly due to the high prevalence 
of several RF in these patients. 

Materials and Methods: We evaluated and compared the prevalence of a number of 
RF for CD in 35 previously diabetic recipients of functioning kidney-pancreas graft 
(KPG, age 42±9 yrs, BMI 23.9±2.3 kg/m2, M/F 20/15) and in 99 non-diabetic 
recipients of functioning kidney graft (KG, age 44±I0 yrs, BMI 24.8±3.8 kg/m2, M/F 
23/12). ). The two groups were on stable immunosuppressive therapy, based on 
azathioprine,prednisone and cyclosporine in the KG group.and MMF, prednisone and 
cyclosporine in the KPG group. 

Results: In the KPG group, a significant improvement of: fasting plasma glucose 
(87±11 vs 23Q±33 mg/dl, p<0.001), HbAlc (5.5±0.6 vs 8.7±I.1%, p<0.001),tota! 
cholesterol (192±37 vs 223±4$ mg/dl, p<0.001), LDL-cholesterol (112±26 vs 123±35 
p<0.05), triglycerides (113±29 vs 226±81, p<0,001), systolic (Syst-BP) (125±14 vs 
154±20 mmllg, p<0.05) and dyastolic (Dyast-BP)(76±8 vs 90±8 mmllg, p<0.02) 
blood pressure was observed after transplantation. 

In KG, total cholesterol (247±52 mg/dl, p<0.001), LDL-cholesterol (152±40 mg/dl, 
pO.OOl), triglycerides (181±88 mg/dl, p<0.001) and fasting plasma glucose (96.9±14 
mg/dl, p=0.035) and blood pressure values(Syst-BP 138±13p<0.05)(Dyast-BP 85±9, 
p<0.05) were significantly higher than in KPG patients. 

Conclusions: These results show that recipients of kidney-pancreas graft show 
reduced post-Tx CV RF; despite the previous presence of diabetes, this group has a 
risk factor profile better than non-diabetic recipients of kidney graft. 
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ANTI-CD38 AUTOANTIBODIES: NEW MARKERS OF BETA CELL 
AUTOIMMUNITY [N TYPE 1 AND TYPE 2 DIABETES 

R. Mai lone, E. Ortolan, Nl. Volante, S. Pinach, D. Boscolo, P. CavaJlo-Perin and F. 
Malavasi. Department of Internal Medicine and Laboratory of Immunogenetics, 
University of Torino, Torino, Italy- 

Background and Aims: insulin secretion is one of the functions mediated by CD38, 
a lymphocytic ecto-enzyme capable of mobilizing Czf* through cyclic ADP-ribose 
production. The molecule is the target of an autoimmune response, since serum anti- 
CD38 autoantibodies (aAbs) have been detected in diabetic patients. We asked whether 
the target molecule is also expressed in the human pancreas and undertook a 
comprehensive analysis of anti-CD38 aAbs. Materials and Methods: an 
immunohistochemical analysis of CD38 in the human pancreas was performed; anti- 
CD38 aAb prevalence in type 1 and type 2 diabetic subjects as well as in patients 
classified as Latent Autoimmune Diabetes in the Adult (LADA) was analyzed by a 
novel enzymatic immunoassay developed to this aim. Results: CD38 was found to be 
selectively expressed in a functionally active form in human islets of Langerhans, with 
a molecular weight of approx. 48 kDa vs. the conventional 45 kDa. Anti-CD38 aAbs 
were detected in 19.2% of type 1 and 16.7% of type 2 diabetic subjects, as compared 
with a 1.5% prevalence among healthy controls matched for age and BMI. LADA 
patients displayed a prevalence of anti-CD38 aAbs of 10.9%. The majority of anti- 
CD38 aAbs (57.1%) revealed agonistic properties, inducing Ca 2 * mobilization in 
lymphocytes and insulin secretion in purified islet cells. In agreement with these 
functional features, the presence of anti-CD38 aAbs was associated with significantly 
higher levels of fasting plasma C-peptide and insulin in type 2 patients, along with 
higher BMI values and a lower frequency of insulin therapy. There was no association 
between anti-CD3S aAbs and other conventional markers of beta cell autoimmunity 
(anti-GAD, ICA, anti-IA-2), neither among type 1 nor among type 2 patients. 
Conclusions: these results underline the significance of anti-CD38 aAbs as new 
markers of beta cell autoimmunity, both in tvre 1 and tvpe 2 diabetes, marking a subset 
of patients similar to LADA subjects for the autoimmune features but characterized bv 
higher residualbeta cell function. Moreover, the prevalent agonistic activity of anti- 
CD38 aAbs suggests their potential contribution to the pathogenesis of the disease. 
possibly damaging beta cells (exhaustion from overstimulation) and other CD38* 
tissues (effects_mediated by Ca 2, mobilization). 
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Soluble adhesion molecules in preclinical type 1 diabetes - a longitudinal study 
A.M. Toivonen, P. Kulmala, K. Savola, H.K. Akerblom, Mikael Knip, and the 
Childhood Diabetes in Finland Study Group, Medical School, University of Tampere 
and Department of Pediatrics, Tampere University Hospital, Department of 
Pediatrics, University of Oulu, Oulu, and Hospital for Children and Adolescents, 
University of Helsinki, Helsinki, Finland 

Background and Aims: The role of cell adhesion molecules in the pathogenesis of 
Type I diabetes has been characterized in experimental models of autoimmune 
diabetes revealing strong expression of intercellular adhesion molecule-1 (ICAM-1) 
by islet-infiltrating lymphocytes. Increased levels of soluble adhesion molecules in 
the circulation, shed from the cell surface, could be an epiphenomen of immune 
activation and thus might provide a useful monitor of disease activity. This 
prospective case-control study aimed at evaluating the time-course of serum 
concentrations of soluble ICAM-1 and L-selectin in siblings of affected children with 
signs of preclinical Type I diabetes to assess whether these markers could 
discriminate between those siblings who progressed to clinical diabetes and those who 
remained non-diabetic. 

Materials and Methods: Serum levels of ICAM-1 and L-selectin were measured by 
specific enzyme-linked immunosorbent assays in 30 autoantibody-positive initially 
healthy siblings of diabetic children who progressed to clinical disease during the 
observation period of 10 years and in 30 sex and age-matched autoantibody-positive 
siblings who have remained unaffected. 

Results: Integrated concentrations (area under the curve) of si CAM-1 over a period of 
48-6 months before the diagnosis was significantly higher in the progressors 
(p=0.035), the difference being most evident 1.5 years before diagnosis (p=0 005). 
The integrated concentrations of soluble L-selectin were similar in progressors and 
non-progressors over the total preclinical period. 

Conclusions: The present study suggests that the process of destructive insulitis may 
be initiated on an average approximately 4 years before the manifestation of clinical 
diabetes, being most active 1.5 years before the diagnosis. Peripheral concentrations 
of soluble ICAM-1 or L-selectin are not helpful in the identification of those 
prediabetic subjects who will progress to clinical disease over the next 10 years, since 
there is substantial overlapping in these concentrations between progressors and non- 
progressors. 
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REDUCED EXPRESSION OF Till ASSOCIATED CIIEMOKINE 
RECEPTORS ON PERIPHERAL BLOOD LYMPHOCYTES OF PATIENTS 
WITH NEWLY DIAGNOSED TYPE 1 DIABETES 

S. Laue 1 , U. Nietzschmann 2 , T.M. Kapellen 2 ,1. Lehmann 3 , R. Paschke 1 , W. Kiess 2 , 

T. Lohmann*. 'Dept of Internal Medicine III, 2 ChiIdren’s Hospital, institute of 
Clinical Immunology, University of Leipzig, Germany 

Background and Aims: In the last years a new class of receptors on blood cells, 
chemokine receptors, has been identified. They govern the migration of cells to 
inflamed tissue. In the T cell mediated autoimmune disease multiple sclerosis 
chemokine receptor expression on T cells has been suggested as a surrogate marker 
for immune activity. No such studies are available for type 1 diabetes. 

Materials and Methods: We have investigated 25 patients with newly diagnosed type 
1 diabetes (NDD) at diagnosis, 10 patients with longstanding type 1 diabetes (1 to 5 
years diabetes), 10 patients with newly diagnosed type 2 diabetes and 35 matched 
healthy controls for expression of chemokine receptors CXCR4 (expressed on naive 
T cells), CCR5 and CXCR3 (expressed on TH1 T cells) and CCR1 and CCR2 
(expressed on TH2 T cells). Chemokine receptor expression was measured using 
FACS analysis after triple colour staining. Chemokine serum levels (MIP-la, MCP- 
1, RANTES) were measured by commercial ELISA's. 

Results: TH1 associated T cells were significantly reduced in patients with newly 
diagnosed type 1 diabetes when compared to matched controls (p<0.01 for CCR5, 
p<0.02 for CXCR3). These differences were not observed in patients with 
longstanding type 1 diabetes or type 2 diabetes and reversed 3 to 6 months after 
diagnosis. We found no relevant expression of TII2 associated chemokine receptors 
in any group (generally <2% of T cells). Reduced THI associated receptor 
expression on peripheral T cells correlated to reduced PHA-stimulated THI 
cytokines (IFNg, TNFa). In a subgroup of NDD patients, MIP-la levels were 
elevated while we found no difference in MCP-1 or RANTES serum levels 
compared to controls. 

Conclusions: We hypothesize that at time of diagnosis of type 1 diabetes Till cells 
migrate to the pancreas. Chemokine receptor expression on peripheral T cells may be 
a useful surrogate marker for natural history of immune activity in type 1 diabetes. 


281 

DIABETES ANTIBODY STANDARDISATION PROGRAMME: FIRST 
ASSAY PROFICIENCY EVALUATION 

P.J. Bingley, E. Bonifacio, P. Mueller and participating laboratories. University of 
Bristol, UK, Istitutio Scientifico San Raffaelc, Milan, Italy and Centers for Disease 
Control and Prevention, Atlanta, USA. 

Background and Alms: The Diabetes Antibody Standardisation Programme (DASP), 
an extension of Immunology of Diabetes Society autoantibody workshop activities, 
was established to evaluate and improve general implementation of assay methods, 
and to undertake extended evaluation of the new WHO international reference reagent 
for GADA and IA-2A. 

Materials and Methods: Forty-three laboratories in 15 countries registered for the 
first proficiency evaluation. Participants received coded sera from 50 patients with 
newly diagnosed type 1 diabetes (median age 17, range 9-29 years) and 50 blood 
donor controls, together with the WHO reference reagent and diluent serum Results 
were analysed using receiver operator characteristic (ROC) curves. Sensitivity was 
adjusted to 90% specificity in workshop controls. 

Results: The median adjusted sensitivity for GADA (41 laboratories) was 85%, 
(range 68-96%), for IA-2A (40 laboratories) was 58% (24-86%) and for IAA (20 
laboratories) was 34% (6-66%). ROC curve anal) sis showed that all GADA assays, 
39/40 IA-2A assays aid 15/20 IAA assays found significant differences between 
patients and controls. There was good concordance between laboratories in ranking of 
samples according to GADA and IA-2A levels, or if results w ere expressed in relation 
to the common standard. Assays achieving the highest sensitivity for IAA were also 
concordant in ranking samples but overall concordance for IAA was poor. 
Conclusions: GADA and IA-2A assays generally achieve high sensitivity and 
specificity, and inter-laboratory concordance is good when results are expressed in 
common units based on the WHO reference reagent The sensitivity of IAA assays in 
most laboratories is low, but there are IAA microassays that achieve high sensitivity 
and good concordance. Differences in assay protocols between laboratories must be 
addressed so that all centres can perform to the same high standard. 
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INSULIN AUTOANTIBODY ISOTYPES IN CHILDREN WITH INCREASED 
GENETIC RISK FOR TYPE I DIABETES 

S. Hoppu, M. Ronkainen, T. Kimpimaki, S. Erkkila, J. Donen, O. Simell and M. Knip. 
JDRFI Center for Prevention of Type 1 Diabetes in Finland, Departments of 
Pediatrics, University of Tampere Medical School, University of Oulu and University 
of Turku and Department of Virology, University of Turku, Finland. 

Background and Aims: The isotypc profile of antigen specific autoantibodics may reflect 
either a Thl or Th2 immune response. This study aimed at assessing the maturation of the 
humoral immune response to insulin in preclinical type 1 diabetes by timing the emergence of 
various isotypes of insulin autoantibodics (IAA) after the initial appearance of such antibodies 
in genetically Susceptible children identified from the general population. 

Materials and Methods: The study population is derived from the Finnish DIPP Study that 
observes children with HLA-cortfen-ed genetic risk from birth for signs of beta-cell 
autoimmunity. Blood samples were obtained with an interval of 3*6 months over the first 2 
years and subsequently with an interval of 6-12 months. The present series includes the first 45 
children who have seroconverted to IAA positivity. Fifteen have so far presented with type 1 
diabetes (progressors), while 30 have remained non-diabetic (non-progressors). An isotype 
specific radiobinding assay was used to determine isotype-specific IAA (IgGl-4 and IgA). The 
integrated antibody levels over the observation period were assessed by analyzing the area- 
under-the curve (AUC). 

Results: The progressors had an IgGl response to IAA in their first positive sample more often 
than the non-progressors (14/15 vs. 20/30, p=0.05). Nine progressors had initially a dominating 
IgGl response, five an IgG3 response, and one another isotype (IgG4), whereas the 
corresponding distribution among the non-progressors was 25/0/5 (p=0.003). The progressors 
had higher integrated levels of IgGl (p=0.04) and IgG3 (p=0.002) subclass IAA. Eight 
progressors had a dominating integrated IgGl response, sl\ a dominating IgG3 response and 
one a dominating IgG4 response over the observation period, while 22 non-progressors had a 
dominating IgGl response, five an IgG2 response, one an lgG3 response and one a dominating 
IgG4 response (p=0.008). Half of both the progressors and non-progressors had a detectable 
IgG4 response during the follow-up period. 

Conclusions: These data show that genetically susceptible young children who progress to 
clinical Type I diabetes are characterized by a strong IgGl and IgG3 response to insulin. A 
weak or lacking IgG3 response is associated with relative protection against Type I diabetes, 
since one third of the non-progressors had no delectable IgG3 response during follow-up and an 
IgG3 response. 
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Incidence of type 1 diabetes in young adults across Europe - an EU funded 
multicentre study (TDA) 

K.O. Kyvik,, L. Nystrom, F. Gorus, M. Songini, L. Barak, P. Burton, C. Castell, C. 
Ionescu-Tirgoviste, P. McKinney, R_ Ostrauskas, J. Ostman. Epidemiology, Institute 
of public health. University of Southern Denmark 

Background and Aims: The epidemiology of the childhood onset form of Type 1 
diabetes (i.e., ages < 15 years) has been studied extensively. In contrast, the 
epidemiology of the adult onset form of the disease is poorly characterized. Reports 
from a small number of European countries have suggested a higher incidence in 
males than in females in the adults compared to the children where there is either no 
gender difference or a slight excess female incidence rate. The aim of this study was 
to investigate the geographical distribution of sex and age specific incidence of Type 
1 diabetes with onset in young adulthood in Europe. Materials and Methods: Nine 
centres located all over Europe took part in the study: Sardinia (Italy), Romania, 
Catalonia (Spain), Slovakia, Antwerp region (Belgium), Lithuania, Sweden, 
Yorkshire and Leicstershire (UK). Incident cases of type 1 diabetes in the age group 
15-29 years were collected by a standardized questionnaire and reported to a central 
co-ordinating office along with demographic data. Incidence rates were estimated as 
cases per 100 000 person year and standardized for age and sex. Results: The 
standardized incidence for 1996-97 varied from 4.9/100 000 person years in Slovakia 
to 13.4/100 000 person years in Leicestershire. Sweden and Sardinia, known to have 
very high childhood incidences, had incidences less than half of those for children. 
Contrary to this is for example Romania, with a childhood incidence of 5.3/100 000 
and an adult incidence of 6.6/ 100 000. The male-female ratio was >=1 in all centres 
and in the age group 25-29 years, it was >=1.5. Conclusions: The range of the 
incidence of type 1 diabetes in adults is smaller than in children. In the two centres 
with the highest childhood incidence it was markedly lower in young adults. This 
could indicate that the rise in childhood incidence described in studies such as the 
EURODIAB TIGER, could be limited to certain age groups, although a longer 
follow-up is needed. Furthermore, there is a male excess in incidence, especially in 
the age group 25-29 years, in all eight European countries taking part in this study. 
Whether this can be explain by biological differences between the sexes remains to be 
solved. 
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Incidence of childhood type-l-diabetes in Denmark 

J Svensson, B Carstensen, HB Mortensen and K Borch-Johnsen. Steno Diabetes 
Centre, Niels Steensensvej 2,2820 Gentofle, Denmark. 

Background and Aims: The incidence rate of childhood diabetes has increased in 
Europe and many other parts of the world over the past 50 years Denmark belongs to 
a high incidence area. Former studies have suggested increasing incidence in males 
until 1970. Since 1996 Denmark have had a national register. This is a report of these 
results comparing with earlier reports. The aims is therefore 1) to determine the 
incidence of type-l-diabetes in Danish children 1996-1999. 2) To evaluate trends in 
incidence and age at onset from 1970-1999. 

Materials and Methods: The incidence rates for type-1-diabetes in Denmark (1996- 
99) were obtained from the National childhood diabetes register. The age-specific 
incidence rates are compared with data collected retrospectively in 1970-76 and data 
from 1980-84, both studies representing population based studies using existing 
national routine registration of hospital admissions to paediatric departments within 
the survey area. Population data were obtained from Statistics Denmark. The 
statistical method used is a Poisson regression model: 

Log(Incidence-rate) = A + B(age, gender) + D(county) + E(age)*birthcohort 

Results: The annual incidence in 1996-1999 in Denmark is 12.5 in the age-group 0-4 
years-of-age; 17.2 in the age group 5-9 years-of-age and 24.5 in the age group 10-14 
years-of-age. There is a significant increase in incidence in the age group 0-4 years- 
of-age 1.8% (0.67-3.0%) per year, and there is a significant increase in the age group 
5-9 years-of-age 1.1% (0.13%-2.0%) per year. In the oldest age group the annual 
incidence increase is 0.23% (-0.6-1.1%). The three time trends are different 
(P=0.043). The annual increase in incidence is 0.8%(0.2I-1.49%) for the age group 0- 
14 years-of-age. 

Conclusions: There is in Denmark - as in other European countries - a left shift in age 
of onset and an annual increase in the total age group 0-14 years-of-age. 
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Variation at the insulin VNTR locus but not the CTLA-4 locus is associated 
w ith age of onset and need for insulin therapy in latent autoimmune diabetes in 
adults (LADA) 

V.A. Horton, l.M. Stratton, R. Owen, R.R. Holman, J.C. Levy, and A. Clark. 
Diabetes Research Laboratories, Oxford Centre for Diabetes, Endocrinology and 
Metabolism, Oxford, UK. 

Background and Aims: Subjects with Latent autoimmune diabetes in adults 
(LADA) have islet cell antibodies (ICA) and glutamic acid decarboxylase antibodies 
(GADA) typical of Type 1 diabetes. Disease presentation is more typical of Type 2 
diabetes. Decreased disease severity in LADA patients may be related to reduced 
genetic susceptibility. To determine if there is an association of the Type 1 diabetes 
susceptibility genes, the insulin VNTR (11 pi5.5) and CTLA-4 (2q33) with LADA 
the allele frequencies in LADA and Type 2 diabetic patients were compared. Genetic 
variation at the insulin VNTR and CTLA-4 loci was studied in relation to phenotypic 
characteristics. Materials and Methods: Patients examined included 373 LADA 
530 Type 2 diabetic patients from the UKPDS and 330 non-diabetic subjects from 
the Diabetes in Families (DIF) study. Patients were genotyped by PCR-RFLP for the 
-23HphI A/B polymorphism in the insulin gene (which is in linkage disequilibrium 
with the VNTR class I/I1I alleles) and for the A49G transition in exon 1 of CTLA-4. 
Results: The VNTR class I alleles were significantly associated with LADA 
compared to Type 2 diabetic patients (p<0.0001). Division of patients by age at 
diagnosis showed a significant association of the VNTR class I alleles in those 
presenting younger: p<0.0001 (25-<35 years), and p<0.0001 (35-<45 years) The 
frequency of the VNTR class Ill alleles was increased in the older age groups (45- 
<55 and 55-65 years). In those diagnosed between 55 and 65 years, the class III 
allele frequency was similar to that in the non-diabetic subjects. There was an 
association of VNTR class I alleles with age at diagnosis (p=0.026), BMI (p=0.009) 
and need for insulin therapy within 6 years of diagnosis (p~0.03). There was no 
association of the CTLA-4 polymorphism with LADA. Conclusions: Genetic 
susceptibility from the insulin VNTR locus is associated with a younger age at 
diagnosis and a more severe phenotype in LADA patients suggesting a similarity 
between younger LADA and Type 1 diabetic patients. 
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Increase in mesangial and endothelial cells but no change in podocyte number in 
type 1 diabetic patients with nephropathy. 

K.E. White and RW Bilous on behalf of the ESPRIT Study Group. Department of 
Medicine, University of Newcastle upon Tyne, UK 

Background and Aims: Recent studies in both type 1 and type 2 diabetes have 
suggested that low podocyte number may be linked to the development of 
albuminuria. In these studies, glomerular cell number was estimated using the indirect 
method of Weibel. We set out to explore this issue using the unbiased disector 
principle, w hich is the current gold standard methodology. 

Materials and Methods: Renal biopsies were analysed from 24 type 1 diabetic 
patients, mean (range) age 42 (20-59) years; median (range) albuminuria 198 (30- 
1599) pg/min; GFR 88 (57-135) ml/min; and blood pressure 124 (97-147) / 74 (61- 
88) mmHg, and compared to 10 non-diabetic controls, age 38 (22-60) years. Light 
microscopy was used to estimate glomerular cell number by the unbiased 
disector/fractionator method and mean glomerular volume by the Cavalieri principle. 
Capillar)' surface area and length were estimated from electron micrographs. 

Results: Both the number of mesangial cells and endothelial cells were significantly 
increased in the diabetic patients compared to controls (mean ± sd:1468 ± 700 v 723 ± 
250, p < 0.001; 1344 ± 454 v 934 ± 240, p - 0.002, respectively). There was no 
difference in the number of podocytes (482 ± 149 v 539 ± 149, p == 0.318). Mean 
glomerular volume w as increased in the diabetic patients compared to controls (4.2 ± 
1.3 v 3.2 i 1,1 x 106pm3, p *= 0.036). Surface covered by podocytes (filtration 
surface + mesangio-urinaiy surface) was not different, however (0.47 ± 0.15 v 0.55 ± 
0.11 mm2, p = 0.157). Also, there was no difference in capillary length between the 
groups (29 ± 9 v 26 ± 6 mm, p = 0.232). The number of mesangial cells correlated 
with albuminuria (r = 0.50, p = 0.012). There was no correlation between the number 
of podoc)tes and albuminuria. 

Conclusions: In early type 1 diabetic nephropathy there is no apparent reduction in 
the number of podocytes. The observed increase in glomerular volume appears to be 
in response to an increase in solid elements - cells and matrix - with no accompaming 
increase in filtration surface or capillary length. 
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CONTRIBUTION OF ecNOS GENE POLYMORPHISM (GIu298Asp) TO 
THE DEVELOPMENT OF DIABETIC NEPHROPATHY 
M. Yokota 1 , S. Hara 1 , T. Tsukada 3 , A. Yamada 1 , T. Kobayashi 1 , and K. 
Nakanishi 5 . ‘Kidney Center, Department of 2 Clinical Chemistry, and 
’Endocrinology and Metabolism, Toranomon Hospital, Tokyo, Japan. 

Background and aims: The contribution of endothelial nitric oxide synthase 
(ecNOS) gene polymorphism (GIu298Asp) in exon 7 to the development of 
diabetic nephropathy was studied Iongitudinaly in 116 type 1 diabetic patiets 
(observation period:22 ±9 years). Methods: ecNOS gene polymorphism was 
identified by PCR-RFLP method. The presence of albuminuria £30 mg/gCre at 
consecutive determinations was defined as the development of microalbuminuria. 
The patient’s mean HbAlc (mHbAlc) values since the onset of diabetes was 
regarded as the index of long-term metabolic control. Results: The patients with 
missense variant (n=27) progressed to the occurence of microalbuminuria earlier 
than those without misesense variant (n=89) (incidence rate; 7.46 vs. 4.32 /100 
patient-years, p=0.02). There was no difference in mean HbAlc values and 
frequency of hypertension between these two groups. However, in Cox's 
proportional hazard model, an independent risk fector fr>r the development of 
microalbuminuria is not missense variant of ecNOS gene but mHbAlc value 
(hazard ratio: 1.51/1% mHbAlc change, p=0.001). Then, the patients were 
subdivided to the better ofglycemic control-group (mHbAlc levels < 8.5%, n= 
60) and the worse glycemic control-group (mHbAlc levels £ 8.5%, n=58). In the 
better glycemic control-group, the diflerence of cumulative incidence rate of 
microalbuminuria was conspicuous between the patients with missense variant of 
ecNOS gene and normal variant of this gene (incidence rate; 6.90 vs. 2.44 /I00 
patient-years, p=0.006). In this group, Cox's proportional hazard model showed 
that missense variant of ecNOS gene was an independent risk fictor (hazard ratio: 
3.13, p=0.008). On the contrary, in worse glycemic control-group, there was no 
difference in the cumulative incidence rate of microalbuminuria between the patients 
with missense variant and those without. Conclusion: ecNOS gene polymorphism 
(Glu298Asp) contributes to the development of microalbuminuria, especially in the 
diabetic patients with mild to moderate hyperglycemia. 
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THE ROLE OF HAEMOCHROMATOS1S C282Y AND H63D 
MUTATIONS IN DEVELOPMENT OF DIABETIC NEPHROPATHY 
DK Moczulski, \V Grzeszczak and B Gawlik, Department of Internal 
Medicine and Diabetes, Silesian School of Medicine, Zabrze, Poland 


Background and Aims: In patients with clinical haemochromatosis the 
frequency of diabetes ranges from 20 to 50% and the heterozygosity for the 
C282Y mutation in the HFE gene might be associated with increased risk for 
diabetes mellitus. There were also some reports suggesting that iron overload 
might cause diabetic nephropathy. Materials and Methods: We performed 
an association study to assess the role of the C282Y and H63D mutations in 
the HFE gene as a risk factor for type 2 diabetes and diabetic nephropathy. 
Altogether, 563 patients with type 2 diabetes were collected. In the analysed 
group 108 patients had overt proteinuria, 154 microalbuminuria and 301 
normoalbuminuria. Among the patients with normoalbuminuria only those 
with known diabetes duration of at least 10 years were considered as 
normoalbuminuric (n=I62). 196 unrelated healthy subjects were used as a 
control group. All subjects were genotyped for C282Y and H63D using the 
PCR-based protocol. Results: There was a higher frequency of the 282Y 
allele carriers among patients with type 2 diabetes than healthy controls (OR 
5.3;95%CI 1.6-17.3). We observed a higher frequency of the 63 D allele 
carriers among patients with diabetic nephropathy (OR 1.8; 95%CI 1.2-2.8). 
Conclusion: In conclusion, our study is the first one which indicates that 
being a carrier of II63D haemochromatosis mutation is a risk factor for 
nephropathy in type 2 diabetes. We also confirmed previous observations 
that the frequency of 282Y mutation was higher in patients with type 2 
diabetes than in general population of healthy subjects. 
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MECHANICAL STRETCH INDUCES REDUCTION IN ALPHA3 BETA1 
INTEGRINS IN GLOMERULAR EPITHELIAL CELLS LN VITRO. 

L.Gnudi, A. Hayward, S. Thomas, G. Gruden and GC. Viberti. Department of 
Endocrinology, Diabetes and Internal Medicine, King's College, London, UK. 

Background and Aims: Loss of Glomerular Epithelial Cells (GECs) occurs in 
diabetic kidney disease and is believed to be one of the mechanisms of proteinuria. 
An early decrease in alpha3 betal integrin expression, crucial in the attachment of 
GECs to the glomerular basement membrane, is seen in animal models of diabetes. 
We investigated whether alpha3 betal expression in GEC is altered by the application 
of mechanical stretch, mimicking the haemodynamic insult as found in the diabetic 
glomerulus. 

Materials and Methods: Conditionally immortalised murine GEC were grown in 
DMEM with 5mM glucose at 33 C with gamma-interferon, and subsequently 
differentiated at 39 C for 10 days without gamma-interferon. Mechanical stretch 
(10% average elongation) was applied using a Flexcel! strain unit for 24 and 48 hours. 
Cells were lysed, subjected to PAGE and immunoblorted with specific antibodies for 
alpha3 betal integrins. Blots were quantitated by densitometry. 

Results: After 24 hours stretch, there was no significant effect on alpha3 (stretch vs 
non-stretch, arbitrary units (au) mean±SD, 1131±628 vs 1082±527) or betal integrin 
(stretch vs non-stretch, 1247±757 vs 1207±730) protein expression levels. However, 
the application of mechanical stretch for 48 hours induced a 47% reduction in alpha3 
integrin (stretch vs non-stretch, 578±195 vs 1143±365, p<0.02), and a 38% reduction 
in betal integrin (stretch vs non-stretch, 850±830 vs 1156±731, p<0.02) protein 
expression. 

Conclusions: This study shows that GECs are mechano-sensitive and in vitro respond 
to a mechanical insult by reducing a!pha3 and betal integrins protein expression. This 
may represent an important stress-mediated mechanism of GEC loss in diabetic 
kidney disease. 
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THREE POLYMORPHISMS LN THE NEPHRIN GENE ARE NOT 
ASSOCIATED WITH PROTEINURIA LN TYPE I DIABETIC PATIENTS 


K Pettersson-Fernholm, C Forsblom, J Fagerudd, M Levander, P-H Groop, for the 
FinnDiane Study Group. 

Dept. Medicine, Div. Nephrology, Helsinki University Hospital, Helsinki, Finland 
BACKGROUND Congenita! nephrotic syndrome (CNF) is characterised by massive 
proteinuria. Recently, several mutations in the nephrin gene (NPHS1) were found to 
be responsible for manifest CNF. Three sequence variants were also found in healthy 
controls. Variations in the NPHS1 gene may affect the degree of proteinuria in 
patients who do not exhibit the classic clinical course of CNF, which makes this gene 


an attractive candidate gene for diabetic nephropathy. 

OBJECTIVES AND DESIGN This cross-sectional, case-control study was 
performed in order to investigate whether these common gene variants are associated 
with diabetic nephropathy in type 1 diabetic patients. 

PATIENTS AND METHODS We studied 999 C-peptide negative patients from the 
FinnDiane Study, a comprehensive, multicenter, nation-wide study including all adult 
type 1 diabetic patients from 17 centres. The mean age was 40±I yrs, duration of 
diabetes 28±1 yrs, BMI 25.1±0.1 kg/m 2 , HbA lc 8.510.1%. The patients were classified 
based on their AER: normoalbuminuria with a duration of > 15 yrs (NA, n=323), 
microalbuminuria (MI, n=170), proteinuria (MA, n=322), ESRD (n=184) 

RESULTS The frequencies of the mutant alleles in the GIull7->Lys, Arg408->GIn 
and Asnl077-»Ser polymorphisms in the entire cohort were 34%, 8% and 12%, 


Genotype (mutants) 

NA 

MI 

MA 

ESRD 

Glu/Lys + Lys/Lys n (%) 

174(54.41 

92 (54.4) 

172(55.1) 

98(60.1) 

Arg/Gln + Gln/GIn n (%) 

49(15.2) 

27(15.9) 

56(17.4) 

27(14.8) 

Asn/Ser + Ser/Ser n (%) 

78 (24.3) 

39 (23.0) 

68 (21.3) 

39(21.3) 


Further subdivision of the groups into quartiles based on duration of diabetes, AER, 
HbAi e and serum creatinine showed no significant differences bctw een the groups. 
CONCLUSION This study does not support an involvement of the three 
polymorphisms of the nephrin gene in the pathogenesis of diabetic nephropathy in 
type 1 diabetic patients. 


Podocyte Structure and Renal Function in Caucasian Type 2 Diabetic Patients 
M- Dalla Vestra, E. Bortoloso, A. Sailer, AM. Roiter, AM. Cernigoi, M. Velussi, F. 
Frigato, G. Crepaldi, P. Fioretto. Dept, of Medical and Surgical Sciences, 

University of Padova, Italy. 

Background and Aims : Podocyte loss and structural changes have been suggested to be 
related to progression of nephropathy in type 2 diabetic (D2) Pima Indians. We studied 
podocyte number and structure to define the relationships with albumin excretion rate 
(AER) and glomerular Filtration rate (GFR) in Caucasian D2. Materials and Methods : 
Kidney biopsies were performed in 44 D2: 13 were normoalbuminuric-NA, 15 
microalbuminuric-MA, 16 proteinuric-P. GFR was measured by plasma clearance of 
5, Cr-EDTA. Morphometric analysis was used to estimate: numerical density of 
podocytes per glomerulus [Nv(podn/glom)-jim3X10 6 ], Filtration slit density (FSLv- 
pm/pm3), foot process width (FPW-nm), mesangial fractional volume [Vv(mes/g!om)] 
and glomerular basement membrane (GBM) width (nm). Results : HbAu was different 
among groups (7.4±1.5% in NA, 8.8±1.5 in MA, 8.811.8 in P, Anova <0.05) as was 
GFR (102+20 ml/min/1.73m 2 in NA. 112±32 in MA. 83+30 in P. Anova<0.03). 



NA 

MA 

P 

Nv(podn/glom) 

160180* 

110150 

80140 

FSLv 

03010.08** 

maw 

IMHttitm 

FPW 


6731117 

6561170 

Vv(mes/glom) 

022±0.03 

03610.06 

03610.09## 

GBM width 

394154 

4881102 

5961142## 


MeaniSD. *Anova<0.003, p<0.05 vs MA and P; **Anova<0.001, p<0.05 vs MA and 
P; "Anova <0.03, p<0.05 vs MA; "#Anova<0.001, p<0.05 vs NA and MA 
AER was inversely related to Nv(podn/glom) (r=-0.54, p<0.001) and FSLv (r=-0.63, 
p<0.0001) and directly to FPW (r=0.45, p<0.005). GFR was directly related to FSLv 
(r=0.42, p<0.01) and inversely to FPW (r=-0.40, p<0.05). AER was also directly 
related to Vv(mes/glom) (r=0.67,p<0.0001) and GBM width (r=0.67,p<0.0001); an 
inverse correlation was also found between GFR and Vv(mes/gfom) (r=- 
0.67,p<0.0001) and GBM width (r=-0.48,p<0.001). Since 6 pts with abnormal AER 
had normal Vv(mes/glom) we compared their podocyte structure to that of 12 NA and 
normal Vv(mes/glom): Nv(podn/glom): 98±50 vs 160±80,p<0.05; FSLv: 0.24±0.04 vs 
0.30±0.08, p=0.06). Conclusions : changes in podocyte structure and number occur in 
the early stages of diabetic nephropathy and contribute along with mesangial expansion 
and GBM thickening to determine renal dysfunction in D2. 
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GLUT! IS UPREGULATED IN GLOMERULAR HYPERTENSION: 
POSSIBLE ROLE IN THE PATHOPHYSIOLOGY OF DIABETIC 
GLOMERULOPATHY. 

G. Gruden, L. Gnudi, V. Rodriguez, B. Johnson, S. Thomas, B. Hartley, L. Raij, and 
GC. Viberti. Department of Diabetes, Endocrinology and Internal Medicine, King's 
College, London, UK. 

Background and Aims: Metabolic and haemodynamic insults are important 
determinants of extracellular matrix deposition by mesangial cells. GLUT-1 is 
implicated in glucose-induced tissue injury and is upregulated by mechanical stretch 
in human mesangial cells in vitro. We tested whether high intraglomerular pressure, in 
the absence of hyperglycaemia, determines upregulation of the GLUT-1 glucose 
transporter in the glomeruli in vivo. 

Materials and Methods: The expression of GLUT-1 was determined in glomeruli of 
Dahl Salt-sensitive (DS) rats on a high salt diet (NaCl: 4%)(DSHXa model of 
systemic and intraglomerular hypertension. Systolic Blood Pressure -SBP- 235±15 
mmHG), Spontaneously Hypertensive Rats (SIIRXa model of systemic hypertension 
without intraglomerular hypertension, SBP 2301:10 mmHG), DS on low salt diet 
(NaCl: 0.5%XDSL)(SBP 147±8 mmHG), and Wistar Kyoto (WKY) normotensive 
control (SBP 137±3 mmHG) rats. Snap frozen kidney specimens from 10-12 week- 
old male DSH (n=3), SHR (n=3), DSL (n=4), and WKY (n=3) rats were studied. 
Coded kidney specimens were cut in 4-pm section, fixed and stained for 
immunohistochemistry using a specific GLUT-1 antibody. Four independent, masked, 
observers scored semiquantitatively the GLUT-1 expression levels in the kidney 
specimens. 

Results: Intense positive staining for GLUT-1 was observed in the glomeruli of the 
DSH rat group only (DSH: +++ vs DSL: +/-, arbitrary units). The glomeruli of SHR 
and WKY rats showed virtually no staining for GLUT-1, comparable to that of the 
DSL rats. In all groups positive staining for GLUT-1 was found in the tubuli. 
Conclusions: Glomerular, but not systemic, hypertension upregulates GLUT-1 
expression in the glomeruli. We suggest that glomerular hypertension contributes to 
the pathology of diabetic glomerulopathy by inducing GLUT-1 transporters, thus 
potentiating the deleterious effect of hyperglycaemia 
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HIGH GLUCOSE IS NECESSARY FOR IIEXOSAMINE-INDUCED TGFD1 
EXPRESSION IN HUMAN MESANGIAL CELLS. 

D. Burt, S. Thomas, G. Gruden, P. Tutt, C. Dell'Anna, GC. Viberti and L. Gnudi. 
Department of Diabetes, Endocrinology and Internal Medicine, King's College, 
London, UK. 

Background and Aims: The mechanisms of glucose-induced TGFBl in the kidney 
remain to be fully elucidated. We determined whether the hexosamine biosynthetic 
pathway (HBP) is involved in TGFBl mRNA expression in human mesangial cells 
(HMC). We increased the cellular content of hexosamine end-products (a) by 
culturing HMC in the presence of glucosamine and (b) by over-expression of 
Glutamine: Fructose-6-phosphate Aminotransferase (GFAT), the rate-limiting 
enzyme of HBP. We inhibited the HBP by use of aza serine, a competitive inhibitor of 
GFAT. 

Materials and Methods: HMC were transfected with a recombinant defective 
adenoviral vector expressing GFAT or B galactosidase (Q-galXcontrol vector) and 
studied in normal glucose (NGX6 mM), high glucose (HGX25 mM), and HG with 
azaserine (10 gM). The HBP product UDP-N-acetylglucosamine (UDP-NAG) was 
determined by capillary electrophoresis. TGFBl mRNA levels were determined by 
competitive RT-PCR and expressed as TGFBl/B-Actin mRNA ratio. 

Results: In GFAT transfected cells, but not in B-gal, HG determined a significant 1.9 
fold (p<0.024) increase in UDP-NAG compared to NG. HG increased TGFBl mRNA 
levels by 2 fold (p<0.039) versus NG in B-gal transfected cells; azaserine attenuated 
this effect. In HG, but not in N'G, GFAT transfected cells showed a 2.5 fold increase 
in TGFBl expression versus B-gal transfected cells, an effect completely inhibited by 
azaserine. Addition of glucosamine (12 mM) resulted in cell death. 

Conclusions: Overexpression of GFAT in HG greatly increases TGFBl mRNA 
expression. However, in NG, GFAT overexpression is not sufficient to increase 
TGFBl mRNA expression, possibly because of insufficient substrate availability. 
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Transfection of the G972R variant of the IRS-1 gene in 3T3L1 adipocytes 
impairs the insulin signalling pathway and inhibits cell differentiation. 

M.G. Baroni, Sentinelli F, Lovari S, Cerini P, Romeo S, Sesti G and Di Mario U. 

Dept of Clinical Science, Univ. of Rome "La Sapienza", and Dept of Internal 
Medicine, Univ. of Rome "Tor Vergata". 

Background and AimsThe molecular mechanisms responsible for insulin-resistance are 
still unknown. The Insulin Receptor Substrate-1 (IRS-1) plays a central role in insulin 
sensitivity and defects in the IRS-1 protein may be involved in the development of insulin- 
resistance. Association studies have shown that the IRS-1 gene G972R variant is a genetic 
risk factor for insulin-resistance. However, how this mutation may lead to impaired insulin 
sensitivity is still to be determined. Aim of our study is to evaluate, after transfection of 
the IRS-1 G972R variant in 3T3L1 adipocytes, the effects of this mutation on insulin 
signalling and on cell differentiation. 

Materials and Methods: The 3T3L1 cells were transfected with pcDNA3 expression 
vector containing either the human wild-type IRS-1, the G972R variant or the pcDNA3 
vector alone. After incubation with selective medium, individual geneticin G418-resistant 
stable cell clones were selected for the study. 

Results: Western blotting revealed the expression of transfected IRS-1 in 3T3L1 cells. 
After the induction of differentiation the 3T3L1 transfected cells with wild-type IRS-1 and 
with pcDNA3 alone differentiated in 6-8 days, as expected Surprisingly, the cells 
transfected with the G972R variant did not differentiate. To determine whether the defect 
in IRS-1 was responsible for this alteration, we firstly analysed by Northern blot the 
expression of PPAR-gamma gene, which plays a central role in the insulin signalling 
cascade that stimulates adipocyte differentiation. The PPAR-gamma mRNA was absent in 
the cells transfected with the mutated IRS-1. Also AdipoQ and adipsin, both markers of 
adipocyte differentiation, were absent To establish which proteins upstream of PPAR- 
gamma may be involved, we studied by the presence of several intracellular proteins, 
including MAP kinases and AKT. Results showed that P38 and P42/44 MAPK (involved 
in cell proliferation) remained phosphorylated until the 8th day of differentiation in 
G972R cells, whilst MAPK phosphorylation in wild-type IRS-1 cells decreased after the 
2nd day. Also AKT resulted highly phosphorylated in G972R cells, probably secondary to 
high levels of P38 MAPK. Proteins downstream of AKT, like ADD I and C/EBP-alpha are 
currently under study. 

Condusions:The G972R variant of the IRS-1 gene appears to impair the insulin signalling 
pathway of 3T3L1 adipocytes, inhibiting the differentiation of these cells, possibly 
through an alteration of the cascade involving the transcription of the PPAR-gamma gene. 
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GLYCOGEN SYNTHASE KINASE-3 AND AMP-ACTIVATED PROTEIN 
KINASE ACTIVITY LN SKELETAL MUSCLE FROM TYPE 2 DIABETIC 
SUBJECTS 

K. Hojlund*. J. F. P. Wojtazsewski 5 , P. Staehr 1 and H. Beck-Nielsen 1 . 

•Diabetes Research Centre, University of Southern Denmark and ’Copenhagen 
Muscle Research Centre, University of Copenhagen, Denmark. 

Background: A defect in insulin-stimulated glycogen synthase (GS) activity in 
skeletal muscle is a consistent finding in type 2 diabetes. GS is activated by insulin, 
mainly through dephosphorylation of specific serine residues designated site 2, 3a and 
3b. GSK3 phosphoiylates site 3a and 3b in vivo and has been shown to be inhibited 
by insulin. AMPK phosphorylates site 2 in vitro and has recently been shown to co- 
immunoprecipitate with GS in vivo. 

Aims and methods: To investigate the potential role of GSK3 and AMPK in reduced 
GS activity in type 2 diabetes, the activity of GS, GSK3a a 1-AMPK and a2-AMPK 
were studied in biopsies of m. vastus lateralis from 10 type 2 diabetic and 10 matched 
control subjects before and after 4-h euglyceinic-hypcrinsulincmic clamp (40 
mU/m 2 /min). 

Results: Insulin-stimulated glucose disposal was significantly decreased in type 2 
diabetic subjects (177±26 vs 290±25 mg/m 2 /min, P < 0.01) mainly due to a decreased 
rate of insulin mediated non-oxidative glucose metabolism (113±20 vs 196±21 
mg/mVmin, P = 0.02). Insulin-stimulated GS activity was significantly reduced in 
type 2 diabetic subjects (fractional velocity: 25±2 vs 40±4%, P < 0.01). Insulin 
decreased GSK3a activity equally in both groups; from 3.9±0.2 to 2.6±0.2 
nmol/mg/min in diabetic subjects (P < 0.01) and from 4.1±0.4 to 2.6±0.1 
nrnol/mg/min in control subjects (P < 0.01), whereas al-AMPK and a2-AMPK 
activities were equally unaffected by insulin in the two groups. 

Conclusion: Wc conclude that the defect in insulin-stimulated glycogen synthase 
(GS) activity in skeletal musce from type 2 diabetic patients may not be caused by 
changes in GSK3 or AMPK activity. 
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THE ROLE OF ATYPICAL AND CONVENTIONAL PKC IN 
DEHYDRO EPIANDROSTERONE-INDUCED GLUCOSE 
UPTAKE 

T. Ishizuka, II. Morita, Y. Uno, K. Kajita, A. Miura, M. 
Isbizawa, Y. Kawai, Y. Yamamoto, and K. Yasuda. Gifu 
University School of Medicine, Tsukasa-machi 40, Gifu 500- 
8705,Japan 

Backgroud and Aims: We have reported that both 
dehydroepiandrosterone (DHEA) and dexamethasone (Dexa) 
directly activate PKC. In this study, we investigated the effects 
of these hormones on conventional PKC (cPKC) and atypical 
PKC(aPKC). Results: DHEA and Dexa directly activated 
PKCp and PKC£ to the same degree. In rat adipocytes, DHEA 
and Dexa activated endogenous immunoprecipilable PKC£ to 
246% and 164%, respectively from basal level (100%). In 
adipocytes, 5 min treatment with DHEA increased 
phosphalidylinositol 3-kinase (PI 3-kinase) activity in 
immunoprecipitate with anti-phosphotyrosine antibody to 235%. 
Preincubation with wortmannin, myristoylated PKC£ 
pseudosubstrate , but not with Go6976, abolished DHEA- 
induced 2-deoxyglucose (DOG) uptake. cPKC inhibitors 
prevented Dexa-induced insulin resistance. Moreover, DHEA 
and Dexa increased DOG uptake to 330% and 220%, 
respectively, in adipocytes overexpressed with wild-type PKC£ , 
but not in those overexpressed with dominant negative. 
Conclusions: These results indicated that DHEA and Dexa 
activate both cPKC and aPKC, and Dexa-induced cPKC 
activation may lead to insulin resistance. In contrast, DHEA may 
mimic or enhance insulin action via PI 3-kinase and aPKC. 
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Antisense Protein Tyrosine Phosphatase IB Lowers Plasma Glucose, Increases 
Insulin Sensitivity and Reverses Activation of the Stress Kinase p38 in ob/ob Mice. 
RJ. Gum, B. Zinker, C. Rondinone, J. Clampit, J. Waring, L. Gaede, M. Stark, M. 
Heindel, N. Xie, J. Trevillyan, M. Jirousek and R Ulrich. Abbott Laboratories, Abbott 
Park, IL USA. 

Background and Aims: This study was designed to determine if inhibiting PTP1B 
(protein tyrosine phosphatase IB), using antisense technology, lowers plasma glucose 
and increases insulin sensitivity in a diabetic animal model, without toxic side effects, 
and to identify signaling mechanisms involved. Materials and Methods: ob'ob mice (6- 
7 wks) were treated with antisense PTPIB (ISIS-113715) for 6 weeks at 25 mg/kg, 
2X/wk. Glucose and insulin levels were determined weekly. A subset of mice was 
stimulated with insulin i.p. for 1 or 5 min. Western blotting and RNA analysis including 
arrays were performed on liver and fat for various molecules to identify signaling 
pathways affected. Results: Antisense PTPIB normalized plasma glucose (p<0.01) in 
diabetic ob/ob mice to lean oA/+ levels and produced evidence of increased insulin 
sensitivity in these mice without causing hypoglycemia and without overt toxicity at 
efficacious doses. Insulin signaling pathways were activated in liver and fat of antisense 
PTPIB treated ob/ob mice including insulin receptor substrate 2 protein (IRS-2, 2-fold in 
liver and 4-fold in fat (p<0.05 and 0.001, respectively) and protein kinase B activity 
(PKB, 2 fold in liver, p<0 05). Downstream gene expression in the gluconeogenesis 
pathway, including phosphoenolpyruvate carboxykinase (PEPCK), was inhibited in liver. 
Insulin receptor (IR) phosphorylation and PKB phosphorylation was enhanced (3 and 6- 
fold, respectively, p<0.01, each) in liver of antisense treated mice stimulated with insulin 
for lor 5 minutes. By contrast activation of extracellular signal-regulated kinase (ERK) 
mitogen activated protein kinase (MAPK) was not enhanced upon insulin stimulation in 
either tissue. In addition, activation of p38 MAPK was decreased by 70% (p<0.001) in 
antisense PTPIB treated ob/ob mice to lean obf+ levels. Conclusions: Decreasing 
PTPIB mRNA and protein, through antisense oligonucleotides, normalizes plasma 
glucose and insulin levels in diabetic animals. Decreasing protein levels by 50% is 
sufficient for effective treatment Downstream elements in the insulin signaling pathway's 
are activated particularly in response to insulin. Activation of the stress kinase p38 is 
reversed indicating a decrease in activation of stress pathways upon PTPIB inhibition 
and glucose normalization. This provides evidence that similar decreases in PTPIB 
protein in humans may be an effective treatment for type 2 diabetes. 
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ROLE OF DIACYLGLYCERIDES AND CERAMIDES IN THE EFFECTS OF 
PALMITATE ON GLUCOSE UPTAKE IN CULTURED HUMAN MUSCLE 
E. Montell 1 , K. Mace 2 and A. M. Gomez-Foix 1 . ”Dep. Bioquiraica i Biologia 
Molecular, Universitat de Barcelona, 08028 Barcelona, Spain; and 2 Nestle 
Research Center, Vers-Chez-Les-Blanc, CH-1000 Lausanne 26, Switzerland. 
Background and Aims: The mechanisms that trigger muscle insulin resistance in 
type 2 diabetes are still unclear; however, a strong correlation between insulin 
desensitization and intramuscular lipid accumulation has been found. Several 
second messengers deriving from lipid metabolism have been proposed to 
underlay this effect. We have previously shown that accumulation of saturated 
NEFA impaired insulin-stimulated glucose uptake, whereas unsaturated NEFA 
had no effect. Here we examine the involvement of diacylglycerides (DAG) and 
ceramides on the effects of saturated NEFA on glucose metabolism and their 
relation to the lipid-dependent protein kinases involved in insulin signaling. 
Materials and Methods: This study was performed in human muscle primary 
culture. DAG and ceramide levels were determined by thin-layer chromatographic 
analysis. Results: Muscle cells were preincubated for 15 h in 25 mmol/I glucose- 
DMEM in the absence or presence of 0.25 mmol/I palmitate. This treatment 
increased both DAG and ceramide levels by about 3-fold. Basal glucose uptake 
was increased and insulin-stimulation was inhibited in palmitate-incubated cells. 
The level of Thr-308 phosphorylation of protein kinase (PK) B was elevated by 
insulin, irrespective of palmitate treatment However, palmitate did not modify 
basal PKB phosphorylation, whereas it increased PKC activity in plasma 
membranes. Treatment of cells with GF 109203X, a selective inhibitor of DAG- 
sensitive PKCs, did not modify basal glucose uptake nor did it alter the effect of 
palmitate, whereas it enhanced the stimulation by insulin. Conclusions: Although 
palmitate promotes the accumulation of ceramides in human skeletal muscle, our 
data indicate that it does not alter basal or insulin-stimulated PKB 
phosphorylatioa Rather, the effects of palmitate appear to be mediated through 
the activation of DAG-insensitive PKCs. 
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Effect of 4-hydroxj isoleucine on insulin sensitivity in insulin resistant rats. 

V. Breil (1), C. Rouault (1), S. Rizkalla (1), C. Broca (2), M. Taouis (2), P. Petit (2), 
G. Reach (I). 

(1) INSERM U341, Service de Diabetologie, Hotel-Dieu, Paris. France. 

(2) Laboratoire de Pharmacologie, Faculte de Medecine, Montpellier. France. 

4-hydroxyisoleucine (4-OH-De), an amino acid extracted from fenugreek seeds, 
stimulates insulin secretion only in the presence of a stimulative glucose 
concentration. It induces a decrease in blood glucose and insulin concentration in type 
2 diabetic rats, suggesting a possible effect on insulin sensitivity. The aim of this work 
was therefore to determine the effect of 4-OH-Ue on insulin sensitivity in normal and 
insulin resistant rats. Animals and methods : male Sprague-Dawley rats were 
submitted for 3 weeks to a control, or a saccharose (57.5%) and lipid (14%), diet and 
subsequently investigated during sequential euglycemic hyperinsulinemic (basal, 
followed by insulin infusion rate 0.4U/kg/h) clamp performed in the absence, or in the 
presence, of a 20 mg/kg/h 4-OH-Ile infusion. Results : 1) the saccharose-lipid diet 
induced insulin resistance demonstrated by the decrease in the glucose infusion rate 
R’a observed during insulin infusion (7.06*1.48 vs 11.78i0.82 mg/kg/min, 
saccharose-lipid vs control diet, p=0.0143). 2) In control rats (n=8), insulin infusion 
produced a decrease in glucose production rate Ra (6.42±1.3 vs 11.41±0.78 
mg/kg/min p=0.0099), insulin vs basal, which was blunted in saccharose-lipid fed rats 
(n=8), (8.54±1.43 vs 10.68±1.42 mg/kg/min p=0.2847). Insulin induced an increase in 
glucose utilization, Rd (18.3±1.3 vs 11.41±0,78 mg/kig/min p=0.005, insulin vs 
basal). This effect was blunted in saccharose-lipid fed rats (15.60*0.87 vs 10.68*1,42 
mg/kg/min p-0.0175). 3) The infusion of 4-OH-De corrected completely insulin 
resistance in the saccharose-lipid fed rats (R’a-10.99* 1.07 mg/kg/min, p=0.0487 vs 
absence of4-OH-Ile). 4-OH-De produced a significant increase in Rd (22.14±1.18 and 
18.6±1.8 mg/kg/h in control and saccharose-lipid fed rats, respectively, p=0,0135 vs 
absence of 4-OHIle. The molecule had no effect on glucose production. Conclusion : 
In addition to its stimulatory effect on insulin secretion, the 4-OH-Ile improves insulin 
sensitivity in this experimental model. 
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INCREASED INSULIN SENSITIVITY L\ IGF-I RECEPTOR-DEFICIENT 
BROWN ADIPOCYTES. 

A. M. Valverde 1 , C. Murl, M. Arribasl, P. Navarrol, C. R. Kahn 2 and M. 
Benitol. (1) Instituto de Bioquimica (Centro Mixto CSIC/UCM), Facultad de 
Farmacia, Ciudad Universitaria 28040-Madrid, Spain and (2) Joslin Diabetes Center, 
Harvard Medical School, Boston, MA-02115, U.S.A. 

Background and Aims: Insulin like growth factor I (IGF-I) is a mitogen also 
involved in adipogenic- and thermogenic-differentiation in fetal brown adipocytes. 
We have characterized immortalized cell lines derived from the brown adipose tissue 
of fetuses of mice deficient in the IGF-I receptor, as w ell as the study of insulin action 
in these cells. 

Materials and Methods: Generation of cell lines with SV40 LTAg, 
Immunoprecipitation, Western and Northern blot. Phosphatase activity and DNA 
synthesis experiments were performed. 

Results: Brown adipocyte cell lines from fetuses of mice deficient in the IGF-IR gene 
maintained the expression of adipogenic- and thermogenic-differentiation markers 
and showed a multilocular fat droplets. Insulin-induced autophosphorylation of the 
insulin receptor b-chain was augmented in IGF-IR-/- cells as compared to the wild 
type. Insulin-induced tyrosine phosphorylation of IRS-1 was higher in IGF-IR-/- 
brown adipocytes despite that its protein content was lower than that of wild type 
cells. In contrast, tyrosine phosphorylation of IRS-2 decreased in IGF-IR-deficient 
cells, its protein content being unchanged as compared to the wild type. Downstream 
IRSs, the association IRS-I/Grb-2 was augmented in IGF-IR-/- cells. However, no 
differences in SHC tyrosine phosphorylation and its association with Grb-2 in 
response to insulin were observed. IGF-IR-/- cells showed an enhanced activation of 
the mitogen-activated protein kinase (MAPK) cascade upon insulin stimulation. In 
addition, the lack of IGF-IR resulted in a higher mitogenic response to insulin as 
compared to wild type cells. Finally, cells lacking IGF-IR showed a much lower 
association between IR or IRS-1 and phosphotyrosine phosphatase IB (PTP1B) and 
also a decreased PTP1B activity upon insulin stimulation. 

Conclusions: IGF-IR-deficient brown adipocytes show an increased insulin 
sensitivity via IRS-l/Grb-2/MAPK, resulting in increased mitogenesis. 
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Intramyoceliular lipid is associated with in vivo insulin resistance on glucose 
uptake and insulin signalling defects in human skeletal muscle. 

E. Korsheninnikova, A. Virkamaki, A. Seppala-Lindroos, S. Vehkavaara, T. Goto, A.- 
M. Hakkinen and H. Yki-JSrvinen, University of Helsinki, Dept Medicine, Helsinki, 
Finland 

Background and Aims. To examine whether and how intramyoceliular lipid (IMCL) 
content contributes to interindividual variation in insulin action, we studied 20 healthy 
men with no family history of type 2 diabetes. IMCL was measured using proton 
magnetic resonance spectroscopy in vastus lateralis muscle and normalized for muscle 
total creatinine (CrT). 

Materials and Methods. Whole body insulin sensitivity was measured using a 120- 
minute euglycemic hyperinsulinaemic (insulin infusion rate 40 mU/m2 min) clamp. 
Muscle biopsies of vastus lateralis muscle were taken before and 30 min after 
initiation of the insulin infusion to assess insulin signalling. The subjects were divided 
into groups with high (9.5*09 IMCL/CrT, n=10. Hi IMCL) and low IMCL (3.0±0.5 
IMCL/CrT, n=10, LolMCL), the cutpoint being median IMCL (6.1 LMCL/CrT). 

Results. The groups were comparable with respect to age (43*3 vs. 40*3 yrs, NS, 
HilMCL vs. LoLMCL), body mass index (26*1 vs. 26*1 kg/m2, NS), and maximal 
oxygen consumption (33*2 vs. 36*3 ml/kg min, NS). Whole body insulin stimulated 
glucose uptake was lower in the HilMCL (3.0*0.4 mg/kg min) than the LolMCL 
(5.1*0.5 mg/kg min, p<0.05) group. Study of insulin signalling indicated that insulin 
induced tyrosine phosphorylation of the insulin receptor (IR) was blunted in HilMCL 
compared to LolMCL (57% vs. 142% above basal, p<0.05), while protein expression 
of the IR was unaltered. Insulin receptor substrate-1 associated phosphatidylinositol- 
3-kinase activation by insulin was also lower in HilMCL than in LolMCL (49*23 vs. 
84*27 % above basal, p<0.05 between HilMCL and LolMCL). 

Conclusions. IMCL accumulation is associated with whole body insulin resistance 
and with defective insulin signalling in skeletal muscle independent of body weight 
and physical fitness. 
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MORTALIN - A PUTATIVE CANDIDATE GENE FOR IDDM? 

J. Johannesen, A. Pie, Z.M. Larsen. O.P. Kristiansen, H. Vissing, A.E. Karlsen, F. 
Pociot, J. Nerup, DSGD and DIEGG. Steno Diabetes Center, Niels Steensensvej 
2, DK-2820 Gentofte, Denmark. 

Background and Aims: Mortalin has by 2D-protein gel analysis been found to be 
upregulated in isolated rodent islets exposed to cytokines. As mortalin furthermore 
has been associated with cellular senescence, we consider the gene encoding for 
mortalin (5q31-1) a putative candidate gene for cytokine induced beta-cell 
destruction. Materials and Methods: A population based Danish IDDM family 
material comprising 257 families. Single stranded conformation polymorphism 
screening of the human mortalin gene expressed in cytokine stimulated leukocytes 
(mortalin cDNA). Genotyping typing: (i) a RFLP assay (enzyme: Ddel), and (ii) a 
PCR based microsatellite assay for the D5S500 dinucleotide marker. Linkage 
testing: transmission disequelibrium tests. Results: Three novel polymorphisms at 
the cDNA level in position 272, 977 and 1962 (Genbank: LI5189) were identified 
in the mortalin gene. When establishing genotyping assays for the identified 
cDNA polymorphisms in genomic DNA we identified mismatches between the 
cDNA and genomic DNA sequences. The recent release of a human BAC-clone 
comprising genomic DNA from chr. 2, showed 100% homology to the genomic 
DNA sequence we obtained, suggesting the existence of a mortalin pseudogene on 
chr. 2. Despite having this sequence information it was only possible to establish a 
RFLP genotyping assay for the A to G polymorphism in position 977.* This 
polymorphism was not found to be in linkage in a Danish IDDM population. 
Furthermore, we tested the polymorphic D5S500 dinucleotide marker located less 
than 2.3 cM from the mortalin gene at 5q31.1 without finding linkage to IDDM. In 
conclusion, the mortalin gene is unlikely to be an IDDM candidate gene, as 
linkage was neither established for one of the three novel identified 
polymorphisms within the coding sequence of the gene nor for a microsatellite 
located close to the mortalin in a Danish IDDM family material. We suggest the 
existence of a mortalin pseudogene on chr. 2. 
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A NOVEL POLYMORPHISM IN THE PROMOTER REGION OF THE IL^t 
GENE IS ASSOSIATED WITH TYPE 1 DIABETES IN JAPANESE 
T. Ohkubo, T. Awata, K. Inoue, S. Kurihara, M. Watanabe, K. Inukai, I. Inoue, and 
S. Katayama. The Fourth Department of Internal Medicine, Saitama Medical School, 
Japan. 

Background and Aims: 1L-4, one of the key regulators of the Thl-Th2 balance, 
promotes the differentiation of CD4+ helper lymphocytes into Th2 cells. It is 
assumed that the Thl predominance over Th2 has an important role in the 
development of ty pe 1 diabetes. In the present study, therefore, w e investigated the 
possible role of the IL-4 gene in type 1 diabetes. Materials and Methods: We 
studied 241 type 1 diabetic patients and 369 control subjects. First, we screened for 
variations in the promoter region (position -1105 to +38; +1= translation start site) 
and exons of the IL-1 gene in 24 patients by PCR direct sequencing. Next, 
genotyping of each polymorphism was performed by PCR-RFLP. Results: PCR 
direct sequencing detected five polymorphisms; T(-590)C, C(-144)T, T(-33)C, 
A(+363)T, and A(+84U)C. Among them, A(+363)T and A(+8411)C are located in 
introns and were not further analyzed. C(-144)T was a novel and relatively rare 
polymorphism, and we found that the distribution of C(-144)T genotype was 
significantly different between type 1 diabetic patients and control subjects. CT 
genotype was observed in eight type 1 diabetic patients (3.3%) and three controls 
(0.8%), and the remainder were all CC genotype (odds ratio of CT genoty pe; 4.2, 
p=0.030). No significant difference was observed in the distribution of T(-590)C and 
T(-33)C genoty pes between patients and controls. We also found that T(-590)C and 
T(-33)C were in significant linkage disequilibrium, but C(-I44)T was not 
significantly associated with both T(-590)C and T(-33)C. Conclusions: We 
provided evidence for the first time that IL-4 gene polymorphism contribute to the 
development of human ty pe I diabetes. Further genetic and functional studies, 
however, are required. 
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SIBPAIR MAPPING OF SUSCEPTIBILITY LOCI TO TYPE 1 DIABETES 
IN RUSSIAN FAMILIES 

V.V. Nosikov 1 , D.A. Chistyakov 1 , T.L. Kuraeva 2 , K.V. Savost’anov 1 , E.V. Tito- 
vich 2 , Yu.A. Seryogin, L.I. Zilberman 1 , V.A. Peterkova, and I.L Dedov 2 
(1) National Research Centre “GosNlI genetika”, and (2) Endocrinology Research 
Centre of Russian Academy of Medical Sciences, Moscow, Russia 

Background and Aims: In this study we have performed the sibpair analyses to map 
genes that predispose to type 1 diabetes using 35 affected sibpair and 66 simplex 
families of Russian origin. Materials and Methods: Polymorphic markers were 
amplified using PCR and primer sequences from GenBank. To identify alleles PCR 
products were separated in 12% polyacrylamide gel and stained with silver nitrate. 
Combined transmissioa'disequlibrium test (TDT) and sib TDT (S-TDT) were used 
for data analysis. Results: We have studied linkage of several sets of polymorphic 
markers located at regions containing IDDM8. IDDM9, IDDMIO and 1DDMI2 
susceptibility loci. In case of JDDM8 locus (6q25.3-q27) linkage evidences have 
been obtained for marker Ala(-9)Val (z’=2.25, p<0.05; MLS=2.06, p<0.05) located 
at mitochondrial superoxide dismutase gene ( SOD2 ) but not for marker D6S503. In 
IDDM9 locus (3q21-q25) we have found linkage evidences for two microsatellites: 
D3S1769 (z’=1.68, p-0.04) and D3S4015 (z’=l.809, p=0.03). In case oUDDMIO 
locus (I0pll.2) linkage evidences have been obtained for markers D10S1243 
(z’=3.83, p<0.0001) and D10S2326 (z’=2.066, p=0.02) but not for markers 
D10SI426 and D10S507. In case of IDDM12 locus (2q33) two poly morphic markers 
of the human cytotoxic T lymphocyte associated antigen-4 gene ( CTLA4 ), namely, 
codon 17 dimorphism and (AT)„ microsatellite located in the 3’-untranslated region 
have been developed and the linkage of these markers with diabetes type 1 have been 
studied. A nonrandom excess of the Ala 17 CTLA4 molecular variant (MLS=3.26, 
p=0.000015; z’=4.07, p=0.00003) and the 104-bp allele of the dinucleotide marker 
(MLS=3.14, p<0.000001; z’=3.96, p=0.0007) have been observed in affected and 
simplex sibling pairs, correspondingly. Conclusions: Using families of Russian 
origin we have found evidences of linkage for all studied loci (/DDA/5. IDDM9, 
IDDM10 and IDDM12) previously identified as potential susceptibility loci in 
British and USA populations. The several markers located in these loci are strongly 
associated with, and linked to diabetes type I in a Russian population. 
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CTLA-4 G allele is associated with Autoimmune Polyglandular Syndrome type 
II in patients negative for susceptible haplotypes HLA DRB1*03-DQB 1*0201 
and DRB 1*04-DQB 1*0302 

S. Lattari, A. Petrone, G. Giorgi, M.L. Del Buono, A. Galgani, A Crino*, U. Di 
Mario, R Buzzetti. Dep. of Clinical Science , University “La Sapienza”, *Unit of 
Endocrine Autoimmune Disease, Bambino Gesu Hospital, Rome.Italy 

Background and Aims: The Autoimmune Polyglandular Syndrome Type U (APS II) 
is characterized by Addison's disease occurring concomitantly with Type 1 diabetes 
and an autoimmune thyroid disease. APS II is strongly associated with HLA DR and 
DQ genes and is more commonly present in females. The aim of our study was to 
analyze the HLA DR and DQ polymorphism and the CTLA-4 exon 1 A49G 
dimorphism and their possible interactions in the susceptibility to APS II 
Materials and Methods; We have typed DRB1 and DQB1 loci using a PCR/reverse 
lineblot method, and the CTLA-4 exon 1 position A49G dimorphism using a PCR- 
RFLP method from 41 APS II patients and 302 matched controls from Italian 
population. 

Results; The HLA DRB1 *03-DQB 1*0201 and DRB1*04-DQB 1*0302 haplotypes 
are associated with APS II ( p<10-4; OR 4.17 and 4.6, respectively). The DRB 1*03- 
DQB 1*0201/DRB 1*04-DQB 1*0302 genotype is statistically increased in APS II 
patients compared to control subjects (15% vs 2%, respectively, p<10-4) and confers 
the highest risk (OR=10.7). CTLA-4 G allele was found associated with APS II 
only in patients negative for HLA DRB1*03-DQB 1*0201 and DRB 1*04- 
DQB 1*0302 (p=0.003). 

Conclusions: CTLA-4 confers risk only in patients negative for HLA DRB 1*03- 
DQB1*0201 and DRB1*04-DQB 1*0302 haplotype. We found association of HLA 
DR and DQ with APS II also in Italian population suggesting that this region plays 
the major role in the susceptibility to the disease. 
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NO MAJOR ROLE OF THE 3’ UTR POLYMORPHISM OF THE IL-12P40 GENE 
(ILI2B) IN TYPE 1 DIABETES AND AUTOIMMUNE THYROID DISEASE IN 
JAPANESE 

T. Awata, T. Ohkubo, K. Inoue, S. Kurihara, M. Watanabe, K. Inukai, I. Inoue. and 
S. Katayama. The Fourth Department oflntemal Medicine, Saitama Medical School, 
Japan. 

Background and Aims: IL-12 promotes the differentiation of CD4+ helper 
lymphocytes into Thl cells, which are essentia! in the development of type 1 
diabetes. Very recently, new type I diabetes susceptibility locus, IDDMI 8, has been 
mapped near IL-I2p40 gene ( ILI2B ), and significant bias in transmission of the 
IL12B V UTR single nucleotide polymorphism (SNP) to type 1 diabetic patients was 
observed. In the present study, therefore, we investigated the possible role of the 
3'UTR SNP of IL12B in type I diabetes (T1D) and autoimmune thyroid disease 
(A1TD) in Japanese. Materials and Methods: We studied 185 T1D patients, 91 
patients with Graves’ disease (GD) and 57 patients with Hashimoto’s thyroiditis 
(HT) and 395 control subjects. Genotyping of the was performed by PCR-RFLP 
using endonuclease TaqI. In the Caucasian population, A allele (Taql negative) was 
reported to be predominant (frequency ~0.8) and susceptible to T1D. Results: In the 
control subjects, allele frequencies were 0.465 for A and 0.535 for C. In the patient 
groups, frequencies of A allele were 0.511 (T1D), 0.456 (GD) and 0.526 (HT). Thus, 
A allele was increased in the TID patients and the HT patients compared to the 
control subjects, but the differences were both insignificant (p=O.I5, p=0.23, 
respectively). Also, we found no significant difference in the genotype distribution 
between groups. Furthermore, stratification of TID patients by HLA genotypes and 
age at onset did not yield significant association. Conclusions: In Japanese, the 
3’UTR SNP of ILI2B is also polymorphic but m3y not play an important role in the 
pathogenesis ofTl D and A1TD. 
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GENETIC PREDISPOSITION FOR TYPE 1 DIABETES AMONG 
UNAFFECTED FIRST-DEGREE RELATIVES OF DIABETIC PATIENTS. 

C. Ionescu'TIrgoviste, C. Gujal, K. Welsh2, S. Marshall and J.A. Todd3 
1 Clinic of Diabetes, Institute N.C.Paulescu, Bucharest, Romania; 2 Tissue Typing 
Lab, Oxford Transplant Centre, Oxford, UK; 3. Wellcome Trust Centre for Molecular 
Mechanisms in Disease, Cambridge, UK 

Background and Aims. Type 1 diabetes mellitus (TIDM) is a common autoimmune 
disease appearing in genetically predisposed individuals. However, the maximum 
reported concordance rate of TIDM in monozygotic twins (30-50%) indicates the 
importance of environmental factors. In order to asses indirectly the importance of 
environmental factors, we analysed the presence/absence of susceptibility genes 
previously reported as associated with TIDM in the Romanian population (IDDMI, 
IDDM2 and ICAM1) in a group of non-diabetic first degree relatives of TIDM 
patients. Materials and Methods. The study group comprised 544 unaffected 
parents, brothers and sisters (265 M/279 F) of 212 type 1 diabetic patients. The typing 
for IDDMI, IDDM2 and ICAM1 was made using the SSP-PCR method. We define as 
HLA(+) those patients DR3 or DR4 positive and as HLA(-) patients those DR3 and 
DR4 negative. We define as INS(+) those patients homozygotes for Class I Ins-VNTR 
alleles and as INS(-) those positive for Class III alleles at the same locus. We define 
as ICAM(+) those patients E/E homozygotes for 469 E/K polymorphism of ICAM1 
gene (E allele diabetogenic) and as ICAM(-) those E/K or K/K at the same locus. 
Results. We found 373 HLA(+) subjects (68.6%) vs. 171 HLA(-) subjects (31.4%). 
INS(+) subjects represented 71.9% (391 of 544) vs. 28.1% INS(-) (153). ICAM(+) 
subjects were 111 of 544 (20.40%) vs. 79.6% ICAM(-). We found 26 HLA(-)/INS(- 
yiCAM(-) subjects (4.78%) vs only 1 (0.47%) of 212 diabetics. Overall 48 non¬ 
diabetic subjects (8.82%) can-ied the most diabetogenic haplotype i.e. 
HLA(+)/lNS(+)/ICAM(+). Conclusions. There are extremely rare (1 of 212) the 
cases of TIDM without genetic susceptibility. There are relatively many cases (48 of 
544 i.e. 8.82%) with TIDM genetic susceptibility without developing the disease. So, 
our d3ta sustain that the genetic susceptibility, though necessary, is not sufficient for 
TIDM occurrence. This suggests the conjugate intervention of more than one 
environmental factor. 
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HLA-DQ MOLECULES MODIFY THE RISK OF THYROID 
AUTOIMMUNITY L\ TYPE 1 DIABETIC CHILDREN 

Z. Sumnik, P.Drevinek, O.Cinek, S.Kolouskova, J.Vavrincc, P.Sedlakova, 
M.Snajderova, 2nd Department of Pediatrics, 2nd Medical School, Charles 
University, Prague, Czech Republic 

Background and Aims: Type 1 diabetes mellitus is frequently associated with 
thyroid autoimmunity (TAI). Both this diseases share similar risk HLA class II 
genotypes. The aims of this study w ere to estimate the prevalence of TAI in diabetic 
children and to determine the contribution of HLA-DQAI, -DQB1 alleles to TAI 
susceptibility among diabetic children. 

Materials and Methods : 285 diabetic children (158 boys and 127 girls) aged 0 to 18 
years were screened for thyroid autoimmunity using autoantibodies against thyroid 
peroxydase {TPO) and thyroglobulin (Tg). Both TPO and Tg were determined using 
RIA methods. The HLA-DQAI, -DQB1 genotype was investigated by polymerase 
chain reaction with a set of 24 scguence-specific primer pairs (PCR-SSP) in all 
children of the study group. The levels of risk were calculated as odds ratios (OR) and 
their confidence intervals were expressed according to Woolf s formula. 

Results : Repeated positivity of TPO and/or Tg autoamtibodies w as found in 45/285 
diabetic children (15.8%). The prevalence rate was significantly higher in girls than in 
boys (27% vs 7%, p<0.0001). The susceptibility of thyroid autoimmunity in diabetic 
children was negatively associated with HLA-DQB 1* 05 xx (DQB 1*0501, 0502, 
0503) confering the OR 0.20, Cl 95% 0.05-0.85, p<0.03, and positively associated 
with HLA-DQBI *0302 (OR 2.6, Cl 95% 1.1-6.2, p<0.04). 

Conclusions : The high prevalence of thyroid autoimmunity found in our group of 
diabetic children emphesizes the need for their regular screening. We observed the 
significant protective effect for HLA DQB1*05 and the risk effect for HLA- 
DQB 1 *0302 for thyroid autoimmunity within the group of diabetic children. 

The study was supported by the Ministry of Health of the Czech Republic (grant 
no.6278-3) and by the Ministry of Education of the Czech Republic (grant 
no.l 11300003). 
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POLYMORPHISM IN HLA GENES MARKERS OF TYPE I DIABETES 
L.Alexeev, M.Dedov, M.Boldyreva, and *A.ZiIov. Institute of Immunology, 
Moscow, Russia; ‘Endocrinology Research Center, Moscow, Russia. 
Background and aims We studied associations between HLA genes and Type I 
diabetes susceptibility in 2 ethnic groups: 1) Russian subjects from Moscow 
(Moscovites); 2) Russian Pomors from North-West of Russia. The choice for 
Pomors was due to the fact that their Type 1 diabetes morbidity was revealed 1,8 
times higher comparing to Moscovites. Materials and methods We used SSP 
method with original primer kits determining 16 DRB1 specificities, 12 DQA1 
alleles, and 20 DQB1 alleles. Besides DRBI*04 allelic variations. were 
determined. Among Type I diabetes’ patients the following HLA DRB1 allelic 
variants were identified: HLA DRB 1*0401, *0403, *0404, *0405, *0408. Results 
The data on different haplotypes strongly associated to Type I diabetes are 
submitted in the table:_ 


N 

Haplotypes 

Pomors (n=38) 

Moscovites 

(n=79) 

RR 

P 

RR 

P 

1 

DRB I *04-DQAl *03-DQBl *0302 
DRB 1*04-DQA 1*0301- 
DQB 1*0302 

29.7 

<0.001 

6.91 

<0.05 

2 

DRB 1*04-DQA 1*0301- 
DQB1*0302 

DRB 1*03-DQA 1*0501- 
DQB 1*0201 

8.67 

<0.001 

71.13 

<0.001 


Different association level between Type I diabetes and DRB 1*0401 was revealed 
too. In Pomors the highest RR (3,44) is determined for DRB I *0404 comparing to 
RR=2,2 in Moscovites. On the contrary in Moscovites the highest RR (8,8) is 
determined for DRB I *0401 comparing to 1,25 in Pomors. As for 
HLADRB1 *0403 its frequency in “healthy” Moscovites was 2,9% and in Pomors- 
1,2%. In Type I diabetic Moscovites HLA DRB I *0403 was 1,1%, but w as not 
revealed in Pomors. Conclusion In Pomor population with high Type I diabetes 
morbidity we revealed unusual associations between Type I diabetes and HLA as 
compared to Moscovites. 
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Genetic and pancreatic islet autoimmunity markers in first degree relatives of 
subjects with type 1 diabetes: the Cuban diabetes prediction and prevention 
study. 

E. Cabrera-Rode, G. Molina, O. Diaz-Horta, C. Arranz, 1 Suarez, I. Garcia, P. 
Gonzalez, F. Gonzalez, R_ Suarez, M. Prieto, M. Vera, A. Gutierrez, J. Hernandez, M. 
Lemane, D. Chiong, O. Di'az-Diaz. National Institute of Endocrinology, BETERA 
Laboratories and Pediatric Hospitals, Havana, Cuba. 

Background and Aims: In preparing for trials of prevention of type 1 diabetes, we have 
screened 1065 first-degree relatives (FDRs) of type I diabetic subjects (parents, siblings and 
offspring), from 1-60 years of age (mean 22.6 ± 15.6). The aim of our investigation was to 
identify FDR with high risk to develop type 1 diabetes, using immunologic, metabolic and 
genetic markers 

Materials and Methods: All FDRs were examined for fasting blood glucose, islet cell 
antibodies (ICA) and insulin autoantibodies (1AA). ICA positive FDRs (1CA>I0 JDF units in 
two consecutive determinations) were also investigated for antibodies to glutamic acid 
decarboxylase (aoti-GAD65) and antibodies to tyrosine phosphatase (anti-IA2), intravenous 
glucose tolerance test (IVGTT) (measuring insulin) and typing of HLA-DR genes. ICAs were 
determined by indirect immunofluorescence with prolonged incubation. IAAs were detected 
using a competitive fluid-phase radioimmunoassay. Autoantibodies against iso form 65 KD 
glutamic acid decarboxylase and IA2 molecule were detected by a quantitative 
radioimmunoprccipitation assay. HLA Class II typing (DR1 to DR 10) was performed on B-cell 
enriched suspension using a two-step microlympbocytotoxicity assay. Insulin secretion was 
detected using a radioimmunoassay. 

Results: We found ICA in 26 (2.4%) and IAA in 35 (3 .3%) FDRs. After 3,5 years of follow-up 
as mean, 5 out of 26 (19.2%) ICA+ FDRs dev eloped type 1 diabetes whereas only one out of 
1039 (0.09%) ICA negative FDRs did (p<0.0001). "Itc latest presented an HLA-DR3/DR4 
genotype but was negative for LAA, GAD65 and IA2 antibodies. Before type 1 diabetes onset, 
new diagnosed type I diabetes FDRs had higher frequencies of antibodies against islet cell 
targets (anti-GAD65, 100% vs 53%; anti-IA2, 60% vs 6%), HLA class II susceptibility 
genotypes (DR3, 80% vs 57%; DR4, 100% vs 28%) and impaired first phase insulin secretion 
(IVGTT (|I+3 min < 67 pU/ml), 80% vs 6%) than non-diabctic ICA* FDRs. So far, 19 ICA* 
FDRs attend the Cuban nicotinamide prevention trial. 

Conclusions: Our results confirm that ICA determination is the best predicting marker for the 
development of type ! diabetes which combined with other metabolic, immunological and 
genetic tests may improve the identification of pre-diabctic subjects who require a prevention 
trial. 
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MALARIA, GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCY 
AND TYPE 1 DIABETES IN SARDINIA 
Sa. Muntoni* 0 , P. Cocco and S. Muntoni*. ‘Centre for Metabolic Diseases and 
Atherosclerosis, The ME.DI.CO. Association, Cagliari, Italy; department of 
Biomedical Sciences and Biotechnologies, University of Cagliari, Italy; Inst, of 
Occupational Medicine, University of Cagliari, Italy. 

Background and Aims; Malaria has been endemic in Sardinia from the prehistoric 
era up to hs eradication in 1950. As a consequence of its positive selective effect, the 
prevalence of the Glucose-6-Phosphate Dehydrogenase deficient (G-6-PD - ) 
phenotype in the Sardinian population is one of the highest in the Mediterranean 
area, and its geographical distribution in the island reflects that of past malaria 
occurrence. In the same population, childhood type 1 diabetes (IDDM) has the 
highest incidencejn the world. As some reports have suggested a positive association 
between G-6-PD and diabetes (both type 1 and 2), we explored the association of 
IDDM with past malaria occurrence and with the G-6-PD - phenotype. Materials 
and Methods: As it concerns past malaria morbidity vs IDDM, we calculated the 
correlation coefficient between the 1930's malaria morbidity rate and current IDDM 
incidence in 100 Sardinian communes. As it concerns G-6-PD - vs IDDM, we 
adopted two parallel approaches: a) analysis of the geographical correlation between 
the G-6-PD~ phenotype prevalence rate and the 1990's IDDM incidence rate (age 
range 0-29 years) in 100 Sardinian communes; b) case-control study of the 
association between the G-6-PD~ phenotype and IDDM in 250 diabetic patients (140 
males and 110 females, aged 15-29 years), as the cases, and 332 (163 males and 169 
females) age- and sex-matched non-diabetic subjects from the same Sardinian area as 
the controls. Results: The G-6-PD - prevalence rate (x 100 residents) ranged 2.78- 
41.18 (median 18.7); IDDM incidence ranged 0-77.6, (median 27.0). The correlation 
coefficient between the two variables was r ~ 0.12 (p « 0.24). b) The Odds Ratio for 
IDDM associated with the G-6-PD~ phenotype was 1.25 (95% C.Ls 0.83-1.81) in 
hemizygous males, and 0.98 (95% C.I.s 0.50-1.70) in homozygous females. The 
correlation coefficient between IDDM and past malaria morbidity was r = 0.039 (p - 
0.70, ns.). ConcIusions:_Neither past malaria occurrence nor the ensuing high 
prevalence of the G-6-PD~ phenotype account for the high IDDM incidence among 
the Sardinian population. 
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PREVALENCE AND RISK OF HLA-DRB1 and -DQB1 GENOTYPES IN 
AUTOANTIBODY POSITIVE HEALTHY SCHOOLCHILDREN 
M. Schlosscr 1 , R. Wassmuth 2 , M Strebclow 1 , I. Rjasanow ski 3 , B. Ziegler 1 , M. 
Ziegler 1,4 , ‘institute of Pathophysiology Karisburg, University of Greifswald, 
2 Inslitute for Clinical Immunology, University of Erlangen-Numbcrg, 3 Center of 
Diabetes & Metabolic Disorders and institute of Diabetes Karisburg, Germany. 
Background and Aims : In recent onset type 1 diabetic patients and autoantibody 
(AAb) positive relatives, a concordance between HLA markers and humoral 
markers of the disease susceptibility has been observed. This study w as aimed to 
compare HLA-DRB1 and DQB1 specificities of AAb positive and AAb negative 
healthy schoolchildren with type 1 diabetic patients. Materials and Methods : For 
this, 203 AAb positive probands representing a cohort of 6,155 schoolchildren aged 
6-17 years, 339 age- and sex-matched AAb negative schoolchildren and 274 type 1 
diabetic patients were involved. AAbs against GAD (GADA), protein tyrosin 
phosphatase (IA-2A), insulin (IAA) £99 centilc were deteremined by radioassays 
and islet cell antigens (ICA) >20 JDF units iinmunohistochcmically, the HLA 
DQBI and DRB1 alleles were analyzed by DNA typing. Results : Among AAb 
positive children, GADA were present in 93 (45.8%), IA-2A in 57 (28.3%), IAA in 
53 (26.1%) and ICA in 60 (29.5%) children. Co-occurrencc of different AAb 
specificities was seen in 36 (17.7%) probands. GADA were highest among 
DRB1‘04/*04 and DQBl*0302/*0302 homozygotes (87.5% and 83.3%, 
respectively). ICA £20 JDF units were preferentially seen in DRBl*03/*03 
homozygotes (8/10). Stratification by AAb specificity and subsequent comparison 
with AAb negative controls for the prevalence of associated and protective HLA 
markers indicated significant positive (odds ratio range 1.9-16.9) and negative 
(range 0-0.5) associations. Negative association was most marked in GADA and 
particularly IA-2A positive children and in probands with multiple AAbs. In 
comparison to diabetic patients, the HLA associations in AAb positive 
schoolchildren were considerably lower, suggesting that only a minor part of AAb 
positive children will progress to clinical diabetes. Conclusions : Normal 
population-based screening strategies to idenify subjects at risk should combine 
both, AAb testing and the analy sis of HLA markers. 
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A NOVEL ASSOCIATION BETWEEN THE WOLCOTT-RALLISON GENE 
AND TYPE I DIABETES LN SOUTH INDIANS 

R. Allotey, ‘G. Premalatha, *V. Mohan, D.F. Wood, “A. Ramachandran, “C. 
Snehalatha and G.A. Hitman. St. Bartholomew’s and The Royal London School of 
Medicine and Dentistry London, UK, ‘Madras Diabetes Research Foundation and 
“Diabetes Research Centre, Chennai, India 

Background and Aims; The Wolcott-Rallison Syndrome (WRS) is a rare cause of 
neonatal diabetes inherited as an autosomal recessive. Mutations of E1F2AK3, 
encoding a translation initiation factor on chromosome 2, have recently been 
identified as the cause of WRS in two families. We have identified a South Indian 
family with a child with WRS but who had an age of onset of classical type 1 
diabetes at 8 years, rather than in the neonatal period. Interestingly, the two siblings 
of the proband had type 1 diabetes, but no evidence of WRS, suggesting that they 
might be heterozygote carriers of the WRS gene. The South Indian family is only the 
eighth family to be described with WHS worldwide. We therefore hypothesised that 
the E1F2AK3 gene might determine susceptibility to T1DM in South Indians. 
Materials and Methods; Two hundred and thirty six South Indian families consisting 
of an offspring with classical type 1 diabetes and both parents were typed for three 
single nucleotide polymorphisms (SNP) located within the E1F2AK3 gene using a 
PCR RFLP assay. Association and linkage between E1F2AK3 and type 1 diabetes 
was analysed by ETDT. 

Results; Excess transmission of one of the SNPs was found (transmitted 97 times; not 
transmitted 65 times; p = 0.012); the other 2 SNPs were non significant (p=0.65 and 
0.73). 

Conclusion; These preliminary results indicate that E1F2AK3 should be considered 
as a candidate gene for type 1 diabetes, at least in South Indians. 
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MISSENSE MUTATIONS IN TIIE SUPEROXIDE DISMUTASE 2 (SOD2) 
GENE ASSOCIATED WITH TYPE I DIABETES 

H.Furala, M.Ishigamc, M.Nishikimi, MFurula, ILWakasaki, T.IIanabusa, M.Nishi, 
T.Sanke and K.Nanjo. Wakayama, Japan. 

Background and Aims: Type I diabetes (TIDM) is thought to be the polygcnclic 
disease. SOD2 gene, which is important to remove superoxides in mitochondria, 
locates in one of TIDM susceptibility regions, IDDM 5, and is therefore possible 
candidate gene of TIDM. Materials and Methods: Five exons of SOD2 gene were 
screened in 93 TIDM, 136 Type II (TIIDM) and 117 non-DM unrelated subjects for 
mutations by PCR/SSCP and PCR/direct sequencing. Results: Two missense 
mutations, S27R and N153S, were identified, both in the heterozygous state, in only 
TIDM subjects. Serine at codon 27 is conserved among human, rat and mouse, and 
asparagine at codon 153 is conserved among human, rat, mouse and drosophila. The 
patients with S27R and NI53S developed overt diabetes at the age of 15 and 7, 
respectively. ICA and ICSA were also positive. The subjects with S27R and N153S 
bad TIDM susceptibility HLA DRJ31-DQB1 haplotypes in Japanese on both alleles, 
0405-0401/0901-0303 and 0405-0401/0S02-0302, respectively. In the family of the 
patient with N153S, his father had the same mutation and TIDM susceptibility HLA 
haplotype on only one allele, 0405-0401/0S03-0601. The father was not diabetic, 
however, his acute insulin secretion at early 30 minutes during 75g OGTT was 
impaired (AIRI30/ABS30=0J9; normal >0.5). Ilis mother and brother did not 
have the mutation. Ilis mother had TIDM susceptibility HLA haplotypes on both 
alleles, 0802-0302/0901-0303, and his brother had the HLA haplotype on one allele, 
OS02-0302/ 0803-0601. They were not diabetic and their acute insulin secretion 
were normal (AlRI30/ABS30=0.57 and 0.70, respectively). We are going to study 
the family of the patient with S27R. Conclusions: These results suggest that SOD2 
may have an important role to protect pancreatic beta cells from oxygen free radical 
damage through the cascade of autoimmune events triggered by HLA in TIDM. 
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ANALYSIS OF N ACETYL TRANSFERASE GENE POLYMORPHISMS IN 
ROMANIAN TYPE 1 DIABETIC FAMILIES. 

C. Gujal, J.A. Todd2, S. Marshall, K. Welsh3 and C. Ionescu-TIrgovistel 1 Clinic 
of Diabetes, Institute N.C.PauIescu, Bucharest, Romania; 2 Wellcome Trust Centre 
for Molecular Mechanisms in Disease, Cambridge, UK; 3 Tissue Typing Lab, Oxford 
Transplant Centre, Oxford, UK. 

Background and Aims: Type 1 diabetes (TIDM) is a chronic disease with 
autoimmune pathology, determined both by genetic and environmental factors. 
Several reports suggest a role of nitrates intake (after conversion in N-nitroso 
compounds by N Acetyl Transferases - NAT) in diabetes pathogeny. Thus, NAT 
genes are functional candidates for TIDM. Polymorphic sites were described for 
NAT, homozygotes wild type being rapid, while those with at least one mutation 
slow, acetylators. Our aim was to assess the possible role of NAT2 gene 
(chromosome 8p21.3-p23.1) in TIDM genetic susceptibility for the Romanian 
population. Materials and Methods: We typed 341 T/C, 590 G/A, 803 A/G and 857 
G/A polymorphisms of the NAT2 gene by Sequence Specific Primer PCR (SSP-PCR) 
in 204 Romanian TIDM families. The study group comprised 756 individuals: 212 
diabetic probands (106M/106F, age at onset between 0-43 yr., median age at onset 
12.1 ±6.7 yr.) and 544 unaffected parents and siblings. Allele transmission to affected 
and to unaffected siblings was determined by Transmission Disequilibrium Test 
(TDT). Results: We found a significantly increased transmission of 590 G allele to 
diabetics (92 T/61 NT, 60.1% transmission, p=0.0075) compared to their unaffected 
siblings (51 T/51 NT, 50% transmission). We found an increased transmission of 341 
C (104 T/85 NT, 55% transmission, p=0.095) and 803 G (101 T/83 NT, 54.9% 
transmission, p=0.1) alleles to diabetics, compared with their unaffected siblings 
(56% transmission, p=0.11 for 341 C; 52.9% transmission, p=0.29 for 803 G). The 
transmission of 857 A/G alleles was not different than the expected 50%. Conclusion: 
We found a significantly increased transmission of 590G allele of the NAT2 gene to 
diabetics. These results require replication in a larger data set before any further 
conclusions can be drawn. If confirmed, this will strongly sustain the role of nitrates 
and N-nitroso compounds in TIDM pathogeny. 
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ILI2B and type 1 diabetes in Italian population: a case-control study. 

L. Nisticol M. Giordano2, M. Mel!ai2, G. Giorgi3, A Galgani3, R. Buzzetti3 and I. 
Cascinol.llstit. of Cell Biology CNR, Campus Buzzati-Traverso, Monterotondo and 
3Dipt.of Clinical Science, ■ University of Rome "La Sapienza", Rome. 2Dipt. of 
Medical Science, University of Piemonte Orientale "A. Avogadro", Novara, Italy 

Background and Aims: It has been recently shown that a single nucleotide 
polymorphism at the 3-UTR of the interleukin 12B (IL12B) gene is strongly (p=10-4) 
transmitted to type 1 diabetes (T1D) children in a mixture of British and Australian 
families (Morahan). We tested whether the same IL12B variation is associated with 
type I diabetes in the Italian population 

Materials and Methods: We typed the IL12B 3-UTR A/C variation by PCR-RFLP 
in 274 Italian type 1 diabetes sporadic patients and 370 random controls. PCR primers 
were described in Huang et al. The presence of allele C creates a Taq I restriction site. 
Frequencies were compared by x2 heterogeneity tests. 

Results: Gene frequencies were: A allele 69.2% (379 out of 548 chromosomes) and C 
allele 30.8% (169/548) in T1D subjects; A allele 72.3% (535/740) and C allele 27.7% 
(205/740) in Italian controls. Frequencies of genotypes AA, AC and CC were 
respectively: 47.1% (N=129), 44.1% (N=121) and 8.7% (N=24) in diabetics and 53% 
(N=196), 38.6% (N=143), 8.4% (N=31) in controls. Genotypes were in Hardy- 
Weinberg equilibrium in both cases and controls. Allele, phenotype and genotype 
frequencies did not significantly differ between T ID and healthy subjects. 
Conclusions: A slight, not significant, increase (+3.1%) of the C allele was observed 
in diabetics compared to controls. This result goes in the opposite direction to what is 
described by Morahan and Huang (the more frequent, TaqI uncut A allele is 
transmitted to diabetics). If we hypothesize that the presence of the C allele (47% in 
Italian controls) confers a relative risk of 1.5, our dataset has 81% power to detect 
such effect at a statistically significant level (0.05). Thus we can exclude that the 
IL12B 3UTR A/C polymorphism has a low-moderate (RR 3 1.5) effect in T1D in the 
Italian population. 
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Genetic and Immunological analysis of 9 cases of Japanese nonautoimmune type 
1 diabetes mellitus. 

H. Makino, I. Shimizu, H. Osawa, E. Kohnoue, H. Onuma, T. Nishimiya, Y. Fujii and 
A. Imagawa. Dept of Laboratory Medicine, Ehime University School of Medicine, 
Ehime Prefectural Central Hospital, Matsuyama Red-cross Hospital, Ehime, and 4th 
Dept of Internal Medicine and Molecular Science, Graduate School of Medicine, 
Osaka University, Osaka, Japan. 

Background and Aims: Imagawa et al. defined abrupt-onset typ e 1 diabetes 
characterized by the absence of diabetes-related antibodies and high serum pancreatic 
enzymes as nonautoimmune fulminant type 1 diabetes (N.Engl.J.Med.342:301,2000). 
We screened type 1 diabetic subjects in Ehime area in Japan, and found nine patients 
who had clinical characteristics of nonautoimmune fulminant type 1 diabetes. The 
aim of this study was to examine the genetic, immunological, and further clinical 
features of these patients. Materials and Methods: The HLA-DRB1 and -DQB1 
were typed by PCR-RFLP. ICA was determined by indirect immunofluorescence 
method. GAD, IA-2 and other autoantibodies were assayed with the commercial kits. 
Results: These patients had no antibodies against either ICA, GAD, IA-2, thyroid 
gland, parietal cell, adrenal cortex or pituitary gland. Eight of these 9 patients were 
female, average age was 43.3±16.8 years. Mean duration of hyperglycemic 
symptoms was 2.8+1.3 days. At the initial examination, mean blood sugar was high 
(773±229 mg/dl), but mean HbAlc was close to the normal range (6.3+0.8 %). All 
the patient had ketoacidosis and low er urinary C peptide (2.8±1.3pg/day) and elevated 
serum amylase or elastase level. In three of these patients, the onset of diabetes was 
associated with pregnancy or delivery. Four patients had the HLA DRB 1*0405- 
DQB 1*0401, haplotype susceptible to type 1 diabetes in Japanese. One patient had 
both susceptible and protective haplotypes, and the two patients had protective 
haplotypes. The other one’s haplotype was undetermined. Conclusion: These results 
suggest that nonautoimmune fiilminant type 1 diabetes mellitus may be associated 
with pregnancy or the HLA DRB1*0405-DQB 1*0401 haplotype. 
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ANTI-BSA ANTIBODIES, BREAST FEEDING DERATION AND 
HAPLOTYPES L\ TYPE 1 DLABETES LV CHILE. 

Ovarzun A 1 . Perez-Bravo F 1 . Riesco MV". Carrasco E : . Santos JL 1 . Albala C 1 . 
‘Public Nutrition Unit Molecular Biology Lab. INTA and : Diabetes Unit. San Juan 
de Dios Hospital. Faculty of Medicine. University of Chile (Fondecyt Grant N° 
4000944). 

Type 1 diabetes is an autoimmune disease developed in genetically susceptible 
individuals and triggering by several environmental factors. Among them, breast 
feeding and the early exposure to cow's milk proteins seems to be important in the 
mechanis of p destruction. Objective : To evaluate the anti-BSA antibodies 
distribution in children with recent diagnosis of type 1 diabetes and control children 
from Chile. Patients and Methods : We studied the antibodies profile, risk HLA 
alleles nd exclusive breast feeding history in 85 children with type 1 diabetes (age 
X l± 4.4 jt) and 58 control children (age 8.8 ± 2.9 \t). Anti-BSA by means of 
ELISA estandardized in our laboratory, alleles typing by means of PCR and breast 
feeding by face to face interview. Wilcoxon and Chi-square test as statistical 
analysis. 

Resuls : The exclusive breast feeding was lower in patients compared with the 
control children 4.3 ± 3.8 vs 5.5 ± 3.2. months (p<0.05). Children with recent 
diagnosis of type 1 diabetes shown a higher levels of anti-BSA antibodies compared 
with non diabetic children 61.2 ± 7.7 ng/ml vs 4.00 ± 7.4 ng/ml. (p<0.00001). Table 
N°1 summarized the distribution of the BSA antibodies and the risk HLA (+); 
DQB 1*0201. *0302 or protective HLA (-): DQB 1*0301. *0602 in cases and 
controls._ 



Cases (n=S5) 

Controls (n=58) 

p-value | 


N 

freq 

N 

freq 

j 

HLA + and BSA + 

78 

0.92 

1 

0.02 

<0.00001 ! 

HLA + and BSA - 

0 

0.00 

23 

0.39 

0.001 

HLA - and BSA + 

7 

0.08 

1 

0.02 

NS - 

HLA - and BSA - 

0 

0.00 

33 

0.57 

<0.0001 i 


Conclusion : These data suggest the presence of a possible interaction effect 
between HLA DQ risk alleles, the presence oflow breast feeding period and higit 
levels of anti-BSA antibodies. 
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Perinatal factors and incidence of childhood-onset type 1 diabetes in a large 
population based cohort study 

G. Joner, L.C. Stene, P. Magnus, R.T. Lie and O. Sovik. Diabetes Research Centre, 
Dept of Pediatrics, University Hospital UllevSl, Section of Epidemiology, National 
Insitute of Public Health, Oslo, Medical Birth Registry and Section for Medical 
Statistics, University of Bergen and Dept of Pediatrics, Haukeland Hospital, Bergen, 
Norway. 

Background and Aims: The causes of childhood diabetes are largely unknown and 
several studies have found perinatal factors associated to the risk of diabetes in 
children. The aim of this study was to estimate the associations of selected perinatal 
factors with the incidence of childhood onset type 1 diabetes in a large cohort study. 
Materials and Methods: A cohort study by record linkage of the Medical Birth 
Registry and The National Childhood Diabetes Registry of Norway was performed. 
All live births in Norway between 1989 and 1998 (1 382 602 individuals) were 
followed for a maximum of 15 years, and they contributed a total of 8 166 731 
person-years under observation in the period 1989-1998. Altogether 1824 cases of 
type 1 diabetes diagnosed 1989-1998 were identified within the cohort. The following 
exposure variables were included: maternal thyroid disease, pre-eclampsia, artificial 
induction of labour, bleeding during pregnancy. Rhesus-immunisation, placenta 
praevia, abruptio placenta. Caesarean section, twin or higher order multiple pregnancy 
and congenital malformations. Rate ratios were estimated from Poisson-regression 
analyses. 

Results: The was a tendency that maternal thyroid disease [RR 1.62 (0.97, 2.69)] and 
Rhesus-immunisation (RR 1.95 (0.87, 4.34)] were associated with increased risk of 
type 1 diabetes, but the association was not statistically'significant. Caesarean section, 
pre-eclampsia and the other perinatal factors included in the present study were not 
associated with risk of type 1 diabetes, neither was multiple pregnancy. Congenital 
malformations were not associated with risk of type 1 diabetes. 

ConcIusions:The majority of routinely recorded complications during pregnancy and 
delivery seems to be only weakly associated with incidence of type 1 diabetes, or not 
at all. 
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HLA CLASS II GENES,L\SULLN GENE POLYMORPHISM AND 
AUTOANTIBODIES IN SLOVAK CHILDHOOD DIABETES (DM1) 

D.Michalkova P.Minarik 2-6 , I.Shawkatova 3 , E.TomeCkoval, K.Pastor 4 , 
M. Mikulecky 5 , J. Camajova 6 and V. Nazarov 6 . 

'Children's Hospital Univ., 2 Novo Nordisk A/S, 3 Dept. Immunology Univ., 
4 Fac.of Mathematics and Physics Univ., 5 Inst. Prev. Clin. Med., 6 Inst. Molec. 
Biology, Slovak Acad. Sci., Bratislava, Slovakia 

Aims. This study aimed to evaluate HLA Class II alleles,insulin gene 
polymorphism and DM1 associated autoantibodies in Slovak children. 
Material & Methods. There were 152 DM1 patients (0-18 years) and 183 
healthy controls of comparable age examined.HLA alleles were typed by 
PCR-SSP. Two insulin single nucleotid polymorphisms of the insulin 
gene (-23 Hph I; + 1127 Pst I) were typed by PCR-RFLP.Autoantibodies to 
insulin (IAA),pancreatic tyrosin phosphatase (IA2-Ab) and glutamic acid 
decarboxylase (GAD 6s) were detected by RIA.Odds ratios (OR) and 
positive predictive values (PPV%) were calculated . Results . Alleles 
DQBI*0302 (OR=5.16; PPV=0.03%), DRB1*0201 (1.55; 

0.01 %),DRB 1*0404-14 (3.19; 0.021%),DRB 1*0301 (2.57; 0.017%) and 
DQA1*0301 (1.61; 0.010%) as well as insulin gene polymorphism in 
homozygous carriers of -23 HpH I (OR>3) and those of +1127 PsT 1 
(OR-2) were significantly (p<0.05) associated with DM1 risk. Altogether 
the genetic risk pattern was present in 72% (65-79%;interval of 95% 
confidence) of 152 diabetics, while a relatively protective one in 23% (17- 
31% Cl). Autoantibodies IAA were positive in 39%,IA2-Ab in 72% and 
GAD 6 s in 73% of DM1 patients.Conclusion.This is the first comprehensive 
genetic and imm unologic characteristics of Slovak children with diabetes 
mellitus type 1. 
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ISOTYPES OF TYROSINE PHOSPHATASE-LIKE PROTEIN IA-2 
AUTOANTIBODIES IN ADULTS AND CHILDREN WITH TYPE 1* 
DIABETES SHOW SIMILAR PROFILES. 

WY Ng, KF Lui, JS Cheah and AC Thai. Dept of Medicine, National 
University of Singapore, Singapore. 

Background and Aims: Islet autoantibodies are known markers of type I 
diabetes with an immune-mediated basis and their isoty pe or subclass profile may 
also provide clues to changes of immune response during disease or after 
intervention. For ICAs and GADab, the IgGl subclass consistently dominates in 
recent-onset disease. The aims of our study are to determine the isoty pe patterns 
for !A-2ab in Asian Chinese adults and children with type 1 diabetes. 

Materials and Methods: From an initial screening of over 400 diabetes patients, 
40 subjects (mean age 22.2+15.8yr) with IA-2ab were enrolled for this study. 1A- 
2ab was detected by radioimmunoassay of 35 S-Iabelled recombinant human IA- 
2ic(605-979)- Of them, 31 (median age 15yr, range 2-57yr; 16 children) had clinical 
ty pe 1 diabetes (ie. requiring insulin at onset or within 1 year) with the majority 
having diagnosed recently (<I year). The other 9 patients had clinical type 2 
diabetes phenotype. Results: IA-2ab IgG subclasses determined with 
monospecific secondary antibodies, showed that both ty pe 1 diabetes adults and 
children had similarly non-restricted isotype patterns with a strong presence of 
IgGlTA-2ab. The rank order is IgGl>3>2>4; 15 subjects had detectable IgG4- 
IA-2ab. Clonality of immune response determined with lambda/kappa chain- 
specific antibodies also showed a non-restricted pattern. Patients with type 2 
diabetes (38.2+15.2yr) had broad patterns of isotypes - IgG 1/3 were detected 
more frequently (n=8) than IgG2/4 (n=5). Of three patients on insulin treatment, 
one was also positive for GADab. The remaining 6 patients were on oral 
hypoglycaemics. JA-2ab in type 2 diabetes were of low titre compared to type 1 
diabetes. Conclusions: Isotype responses to IA-2 also had a strong IgGl 
presence, similar to ICAs and GADab. With IgG3 subclass representation, a 
predominant Thl milieu in the systemic environment is likely. There is no 
suggestion of differences in immune response to IA-2 between adults and 
children with ty pe 1 diabetes. 
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Genome-wide scan for type 2 diabetes genes in Japanese 
N.Iwasaki, Wang, X., Schwarz, P. t Honda, M, Ogata, M, Cox, N.J., Iwamoto, Y. 
Diabetes Center, Tokyo Women’s Medical University, Shiseikai Daini Hospital, and 
Howard Hughes Medical Institute and Department of Human Genetics, The 
University of Chicago. 

Background and Aims: Genetic factors contribute to the development of type 2 
diabetes mellitus. We have carried out a genome-wide screen for type 2 diabetes 
genes in the Japanese population as a first step in the identification of the genes 
contributing to the development of type 2 diabetes in this population. 

Materials and MethodsiThe study population consisted of 256 affected sib pairs 
(379 diabetic subjects from 164 families) recruited from among the patients attending 
the Diabetes Clinic of Tokyo Women's Medical University and associated hospitals. 
The clinical features of the study population are: age-at-diagnosis, 45.3 +- 10.9 years 
(mean +- SD), HbAlc, 7.7 +- 1.7%; and BMI, 23.0 +- 3.0 kgfai2. DNA was prepared 
from blood and genotyped using a panel of 414 markers from chromosomes 1-22. We 
tested each marker for linkage with type 2 diabetes using both two-point (programs 
SIBPAIR and SPLINK) and multipoint (GENEHUNTER-PLUS) methods of analysis. 
Re$ults:We found five regions that showed nominal multipoint evidence of linkage 
with type 2 diabetes (i.e. MLS > 0.74, P=0.05). These regions were on chromosomes 
2 (152-167 cM from pter), 4 (92 cM), 6 (33 cM), 9 (3-21 cM) and 21 (39-52 cM). The 
region on chromosome 9 (3-21 cM) showed suggestive evidence for linkage with 
MLS = 3.5 and pairs weighed equally. 

ConcIusions Our genome-wide screen has revealed possible locations of genes that 
may contribute to the development of type 2 diabetes in the Japanese population. 
These results provide a focus for further genetic studies of type 2 diabetes in Japanese 
and the identification of genes that increase the risk of type 2 diabetes in this 
population. 
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DETECTION OF HUMAN OBESITY-ASSOCIATED POLYMORPHISMS BY 
AFLP GENOME SCAN. 

SJ HUXTABLE, JM Youd, N Hunt, SL Dennis, AM de Silva, J Wang, K Walder, H 
Wormald, P Zimmet and JBM Jowett. International Diabetes Institute, Caulfield, 
Australia 3162 and Metabolic Research Unit, School of Heath Sciences, Deakin 
University, Geelong, Australia 3217. 

Background and Aims: Amplified fragment length polymorphism (AFLP) is a DNA 
fingerprinting technique widely used in plant and bacterial genetics, & also applied to 
mammalian disease and quantitative trait loci (QTL) genome scans. We used this 
technique to perform a genome scan in individuals from the Pacific island of Nauru to 
identify obesity-related polymorphisms. 

Materials and Methods: Unrelated subjects were ascertained by Nauruan ethnicity, 
age 30-60 yrs. We performed AFLP on Mse I &. Eco RI digested, & adapter-ligated, 
pooled genomic DNA stratified by sex & body mass index (BMI) into six groups: A. 
male 26.9(21.9-30.0), female 27.7(22.4-30.0); B. male 33.0(28.4-36.9), female 
34.8(28.2-41.8); C. male 52.8(46.5-69.2), female 55.1(46.3-73.8), [aveBMI(range)]. 
We used 19 pairs of selective primers resulting in 361 primer combinations each 
detecting 80-100 amplified fragments, approximating to a IcM genome scan. 
Differentially amplified bands were cloned, sequenced, BLAST searched, flanking 
primers designed and then screened for polymorphisms. Results: 25 AFLP bands 
were differentially amplified'' between the phenotypic groups. So far we have 
identified &. genotyped 4 single nucleotide polymorphisms (SNPs) from our selected 
bands: OBN11C1-4, OBN27C3, OBN4I, & OBN25. We found no significant 
evidence for a difference in allele frequency or genotype distribution between our 
groups for the OBN11C1-4 SNP, or between female groups for the OBN41 SNP. 
However, we found significant evidence for differences in allele frequency between: 
all groups at OBN25 SNP (A. 0.82 vs B. 0.90 vs C. 0.95) P=0.033; all groups at 
OBN27C3 (A. 0.56 vs B. 0.71 vs C. 0.83), P-0.002; & male groups at OBN41 SNP 
(A. 0.85 vs B. 0.57 vs C. 0.56), P=0.002. (Fisher’s Exact Test, df=2) We are currently 
fine-mapping these regions to identify obesity-associated genes. Conclusions: We 
have found evidence for the association of three different genomic regions with 
obesity in our Nauruan population, further characterisation of which will lead to better 
understanding of the metabolic abnormalities that are relevant to this pathogenic 
process. We also demonstrate the potential of AFLP as a useful technique in disease- 
gene discovery. This research is funded by Autogen Ltd. 
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Annotating draft human genome sequence to aid susceptibility gene discovery in type 
2 diabetes 

D. Smedley, S. Bardien-Kruger, D. Huntley, H. Hummerich, S. Kittivoravitkul, P. Little, 
M. Sergot, W. Hide, the Diabetes (UK) Warren 2 consortium, ML McCarthy. Imperial 
College, London, UK; South African National Bioinformatics Institute, Cape Town, South 
Africa. 

Background and Aims: Identification of type 2 diabetes susceptibility genes within the 
large chromosomal regions arising from genome-wide scans for linkage (often 10-20cM) 
remains a daunting task. The human genome sequence represents a valuable resource for 
positional cloning endeavours provided the information it contains can be systematically 
organised, annotated and "mined". We have developed a genome annotation tool 
(GANESH) and used it to aid gene discovery within a chromosomal region strongly- 
suspected of harbouring a diabetes-susceptibility locus. Material and Methods: 
GANESH combines various approaches (eg GENSCAN exon prediction; similarity 
searching against DNA and protein databases; cross-species comparisons) to identify 
putative regional transcripts within human sequence assembled from public sources. For 
each predicted transcript, attribute data (eg relationship to linkage and linkage 
disequilibrium data, qualitative and quantitative expression profiles, protein function 
prediction, metabolic role) are collected in automated manner and stored in a relational 
database amenable to complex queries. These assessments of the positional and biological 
candidacy of regional transcripts allow prioritisation of the strongest regional candidates 
for detailed study. Results: We have analysed the lq21-24 region linked to diabetes in 
Pima, French, Mormon and UK families. Using GANESH, available public sequence for 
the region (from AP002532 to AL022310, -20Mb) identifies 133 known genes including 
several strong candidates (eg RXRG, LMNA, KCNJ9). We also identified a further 145 
putative transcripts with homology to known genes, and 393 "possible expressed" 
sequences predicted by GENSCAN, mouse genome comparison or EST similarity alone. 
GANESH also automatically identifies regional SNPs through matches to dbSNP: a total 
of 9590 SNPs were mapped within the region (-1 every 2kb). Collection of attribute data 
for these predicted genes is focusing initially on tissue expression patterns from known 
libraries of EST hits and functional annotation via InterPro domain content. Conclusions: 
Given the size of linked regions and the costs of SNP-typing, automated bioinformatics 
tools have an important role in allowing the strongest positional candidates to be 
identified GANESH, and our methodologies for gene attribute collection, provide such a 
solution, which we expect to hasten identification of disease genes by providing a 
systematic, comprehensive framework for analysis of large chromosomal regions. 
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The Benefits of the Thrifty Genotype 

S. Viijee, Teoh TG, Johnston DG and Robinson S. Imperial College School of 
Medicine at St Mary’s Campus, Paddington, London, UK. 

Background and Aims: The thrifty genotype hypothesis suggested that the predisposition 
to Type 2 diabetes (Type 2 DM) was genetically determined and associated with increased 
survival at times of reduced energy intake. This postulate was based on the high 
prevalence of Type 2 DM in societies who had undergone periods of energy restriction in 
the past Those with the thrifty genotype would be more likely to survive a period of 
famine leading to an increased frequency of the genotype. In recent times when food 
supplies have become assured and episodic famines have disappeared in the developed 
world such a trait would predispose to the development of obesity and Type 2 DM. No 
advantage was suggested for the development of actual diabetes which may have its 
deleterious effects beyond the reproductive years, or of gestational diabetes (GDM) which 
may be associated with foetal macrosomix The mechanism of the thrifty genotype 
hypothesis may relate to a reduction in overall energy expenditure (demonstrated to be 
0.5-1%) or during pregnancy to increase maternal triglyceride with an associated increase 
in birthweight which would in turn be associated with reduced perinatal mortality (PNM). 
We aimed to investigate in a computerised model of population dynamics, the relative 
benefits of these two putative advantages of the thrifty genotype. 

Materials and Methods:The population distribution was based on early 20th century 
South Indian Asian data (birth rate 50 per 1000). Benefit through life of increased chance 
of survival through reduced energy expenditure was compared with reduction of PNM 
conferred through increased birthweight, in a population of whom 5% w-ere termed thnfty 
and given either reduced total death rate or reduced PNM. 

Results:Given an overall 0.1% benefit, the thrifty population increased to 5.57% of the 
total, 0.5% advantage increased to 8.02%; whereas a 0.1% disadvantage to the control 
population caused the thrifty population to increase to 6.61% of the total. A five-percent 
reduction in PNM caused the thrifty population to increase to 5.60% and a 10% reduction 
in PNM caused the thrifty population to increase to 6.17%. Given a 0.1% advantage 
through the whole thrifty population and a 10% reduction in PNM with an increase in 
maternal mortality to 0.7% the thrifty population increased from 5.00% to 6.75% of the 
total over 100 years. 

Conclusions .The thrifty genotype may have a conferred advantage both through reduced 
energy expenditure for the whole population and increased chance of survival for the 
heavier infant bom to a mother with predisposition to diabetes. 
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Metabolic disorders in adult offspring whose both parents have obesity and 
hypertension. 

G. Mardarowicz, J Lopatynski, W. Szydlowski, A. Matej, T. Nicer. 

Primary Helth Care and Family Medicine Department. Medical University of Lublin. 
Poland- 

Background and Aims: Our earlier study concerning the familial aggregation of 
metabolic syndrome revealed the prevalence of hyperinsulinemia and hypo- HDLaemia in 
non-obese , non-diabetic school aged children with positive family history. The aim of the 
study was to evaluate the prevalence of metabolic disorders related to insulin resistance in 
adult offspring whose both parents had obesity and hypertension and to compare it with 
the results of a group with negative family history. Material and Methods: The 
investigation was performed among subjects aged 40-55- the first group in countryside, 
the second in the town. The study group was drawn from a representative sample of 
population of Lublin region selected according to the epidemiological protocol. The 
examination was conducted in the town in groups: 1-1 (n=20) obese with positive family 
history, 1-2 (n-22) obese with negative history in parents, U-l (n=17) non-obese with 
positive family history and II-2 (n=20) non-obese with negative family history. The same 
structure of investigated groups from countryside was named: m-X (n=40), ni-2 9n=22), 
IV-1 (n-41) and JV-2 (n=35) respectively. In all subjects we measured height, weight, 
blood pressure and we performed oral glucose tolerance test We estimated fasting and 
120’ after load of 75g glucose serum insulin and blood lipids. We calculated body mass 
index (BMI) and insulin resistance index using Homeostasis Model Assessment (HOMA). 
Results: The mean serum fasting insulin in subgroups in the town was 10,6 sd= 5,7, 11,7 
sd- 8,9, 6,6 sd- 6,2, 5,4 sd= 3,7 pU/ml respectively and rite mean postprandial insulin 
concentration was 34,7 sd= 19,5, 58,8 sd= 34,4, 43,7 sd= 66,8, 31,8 sd= 26,7 pU/ml 
respectively. The mean value of ERi in these groups was 2,34 sd= 1,27,2,71 $d= 2,02, 1,58 
sd= 1,38, 1,26 sd- 0,83 respectively. The same direction of changes was observed in 
investigated subgroups in countryside but on the lower level. DU in this subgroups was 
2,05 sd=2,04, 1,97 sd- 1,48, 1,31 sd= 1,44, 0,7 sd=* 0,39 respectively. The mean 
concentration of HDL cholesterol increased both within groups from I-I to H-2. and ID-1 
to IV-2. Conclusions: It seems that there is a higher tendency for insulin resistance in the 
group of subjects with positive family history of polymetabolic syndrome in parents. It 
relates both to the obese and non-obese subjects. The lower insulin resistance observed in 
all the studied subgroups in the countryside probably results from a different lifestyle of 
this population. 
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FATNESS AND FITNESS: THE IMPACT OF FITNESS ON THE GENETIC 
VARIATION IN TOTAL AND ABDOMINAL FAT 

K. Schousboe, B. Erbas, K.O. Kyvik, J.L. Hopper, J.E. Henriksen and T.I.A. 
Sorensen. The Danish Twin Register, SDU-Odense University, Denmark, Centre for 
Genetic Epidemiology, The University of Melbourne, Australia, Department of 
Endocrinology, Odense University Hospital andThe Danish Epidemiology Centre at 
the Institute of Preventive Medicine, Copenhagen University Hospital, Denmark. 
Background and Aims: High measures of total and centra! abdominal fat and low 
level of physical fitness are predictive of the development of type 2 diabetes. The 
aims of this study are 1) to elucidate the relative importance of genetic and 
environmental factors on variation in total and abdominal fat, and 2) to assess the 
effect of adjusting for fitness on the total and the additive genetic variation of these 
two fat measures. 

Materials and Methods: 152 female (79 M2, 73 DZ) and 103 male (58 MZ, 45 DZ) 
twin pairs of 18-57 years underwent anthropometric measuring and a fitness test. 
Total fat in percent (fat%) was assessed by BMI, weight and age. Waist 
circumference was used as a measure of abdominal fat 

Results: Multivariate analysis methods were applied to these two measures of fat, 
adjusting for age and fitness. Waist circumference was also adjusted for total fat% to 
investigate abdominal fatness independently of overall fatness. Adjusting for age, the 
heritability of fat% was about 70% in both genders. Adjusting for age and overall 
fatness, the heritability of waist circumference was about 50% in both genders. 
Adjusting for fitness reduced the total variance of fat% by one third, and most of this 
reduction was in the additive genetic component. However, the fraction of the total 
variation due to the genetic variation (the heritability) changed very little. The total 
variation of waist, adjusted for overall fatness, was not reduced after adjusting for 
fitness in both genders. 

Conclusions: A large proportion of the high heritability of total body fat(%) is due to 
genes implicated in fitness. There is little or no association between abdominal fatness 
and fitness. 


327 

GLUCOSE TOLERANCE, INSULIN SECRETION AND INSULIN RESISTANCE 
IN PARENTS OF WOMEN WITH POLYCYSTIC OVARY SINDROME 

T. Sir-Petermann, B. Angel, M. Maliqueo, and F. Perez-Bravo. Lab. of Endocrinology 
and Metabolism, Dept, of Medicine, School of Medicine, San Juan de Dios Hospital 
and Food Technology Institute (INTA), University of Chile, Santiago, Chile. 

Background and Alms: Insulin resistance with increased risk of type 2 diabetes is a 
common feature of polycystic ovary syndrome (PCOS). However, the antecedents of 
metabolic disorders in family members of patients with PCOS has been scarcely 
documented in the literature. Our objective was to evaluate glucose tolerance, insulin 
secretion and insulin resistance in parents of patients with PCOS compared to those of 
healthy W'omen. Materials and Methods: A total of 120 parents of women with 
clinical and hormonal evidence of PCOS (PCOSp) and 74 parents of healthy normally 
cycling women (HWp) were studied. A 75-g ora! glucose tolerance test (OGTT) was 
performed, and subjects were classified according to the ADA criteria. Glucose and 
insulin were measured at Omin before and 30, 60 and 120 min after the glucose load. 
C-peptide was also measured at 0 min. Total insulin secretion was assessed by the 
area under the curve of insulin (AUCI) during the OGTT, and insulin resistance, by 
HOMA model. For data analysis, all diabetic subjects were excluded. Results: The 
risk of developing diabetes was 2.4 (1.0-5.6) fold higher in PCOSp compared to 
HWp. Fasting insulin and fasting C-peptide concentrations were significantly higher 
in PCOSp compared to HWp. Total AUCI and HOMA (IR) were also significantly 
higher in the PCOSp group compared to the HWp group. 



HWp 

PCOSp 

P 

Fasting insulin 

11.86 ±7.1 

15.44 ± 11.5* 

0.0280 

Fasting C-peptide 

1.30 ±0.83 

1.95 ±0.92* 

<0.001 

AUC insulin 

8714 ±5801.5 

11179 ± 8857* 

0.0400 

HOMA-IR 

2.69 ± 1.77 

3.58 ±3.02* 

0.0370 


Conclusions: These data suggest that the parents of women with PCOS exhibit 
insulin resistance and type 2 diabetes more frequently than those of heathy women, 
thus constituting a risk group but an ideal population to detect and prevent the 
development of type 2 diabetes. Fondecyt grant 1000973. 
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Insulin resistance is associated with sympathetic activation and blood pressure 
abnormalities in offspring of type 2 diabetic patients. 

S. Frontoni, D. Bracaglia, M. Perna, C Vent S. Gambardella - Diabetes Div., Univ. 
"Tor Vergata", Rome, Italy 

Background and aims. Nonnotolerant offspring of type 2 diabetic patient are insulin resistant. 
It is therefore possible that some of the metabolic and/or haemodynamic abnormalities of type 2 
diabetes may already be present in such subjects. Our aim was to investigate the relationship 
between insulin sensitivity, sympathetic activity and blood pressure profile in normotensive 
offspring of type 2 diabetic patients, with normal glucose tolerance. 

Materials and Methods. 54 offspring and 10 control subjects were studied They underwent an 
OGTT, impedenliometiy, 24h blood pressure and ECG monitoring, IVGTT followed by a 
euglycemic hyperinsulinemic clamp, with continuous blood pressure and ECG. Sympatho- 
vagal balance was evaluated as low- to high-frequency ratio (LF/HF), by spectral analysis on 
R-R intervals. Blood pressure profile was evaluated as the mean of systolic (SBP), diastolic 
(DBP) blood pressure during the day, the night; delta was: (day-night/day) xlOO. 

Results. A significant correlation was observed between insulin-stimulated glucose disposal 
(M) and either night SBP (p<0.05) or DBP (p<0.04). According to the values of M, offspring 
were divided into 3 textiles and the first textile (resistant^ R) was compared to the third textile 
(sensitive^ S). The two groups were similar for age, sex, body composition, BMI, W/H ratio. In 
R, a significant increase of both SBP and DBP during the night was present (night SBP: 
116.5±2.5 vs S: 106.4±2.3, p<0.005; night DBP: 69.S±2.6 vs S: 61.8±2, pO.021X while no 
difference was observed during the day in either SBP or DBP. As a consequence, the delta was 
significantly lower in R v$ S both for SBP (delta SBP: 8.34:1.3 vs 12±1.1, p<0.041) and DBP 
(delta DBP: 13.1±1.9 vs 18.2±1.3, p<0.03). LF/HF ratio, similar in the two groups at baseline, 
was si gnifi c antl y higher in R at the end of IVGTT (4.1 ±0.7 vs I: 2.3±0.3, p<0.03) and did not 
change during the subsequent clamp study. On the contrary, in S, LF/HF ratio did not change at 
IVGTT but significantly increased throughout the following clamp (120 min: p<0.03 vs basal). 

Conclusion*. We confirm various degrees of insulin sensitivity in offspring of type 2 diabetic 
pati ents. In the sub-group of insulin resistant offspring, with normal glucose tolerance and 
normal blood pressure values, we now observe that insulin resistance is associated with 
abnormalities in blood pressure profile and with sympathetic activation. These data suggest that 
insulin resistant offspring already display some derangements of the autonomic nervous tone 
control, which may contribute to increase the incidence of hypertension and/or diabetes. 
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INSULIN RESISTANCE: AN ATHEROTHROMBOTIC SYNDROME. 

MS Freeman, MW Mansfield, JH Barrett and PJ Grant. Academic Unit of Molecular 
Vascular Medicine, University of Leeds, Leeds, UK 

Background and Aims. There is evidence to suggest that the phenotypic 
correlations observed between traits of the insulin resistance syndrome (lRS)may 
have a genetic basis. This study investigated evidence of pleiotropy between 
anthropometric, metabolic and haemostatic traits of the IRS. Materials and 
methods. Using the software package PAP (v4.0), we performed maximum 
likelihood analysis to investigate common genetic and environmental influences on 
traits of the IRS in 537 adults from 89 randomly ascertained healthy families of 
north European origin. Results. All traits showed significant heritability. There were 
significant genetic correlations (p c ), indicating pleiotropy between traits of the IRS 
(table). The genetic component explained 20-100% of the total phenotypic 
correlation (p P ). Conclusions. Pleiotropy between anthropometric, metabolic and 
haemostatic traits of the IRS is demonstrated in healthy white north European 
families indicating the atherothrombotic nature of this syndrome._ 


Trait 1 

Trait 2 

Pg 

PP 

Genetic 

component* 

Environmental 

component*; 

Insulin 

BMI 

0.39* 

0.45 

0.13 

0.32 


Triglyceride 

0.3 It 

0.50 

0.09 

0.4! 


Fibrinogen 

0.42* 

0.18 

0.14 

0.04 


Factor VII 

0.30f 

0.15 

0.10 

0.05 

BMI 

Triglyceride 

0.29f 

0.44 

0.09 

0.35 


sBP 

0.63* 

0.42 

0.20 

0.22 


PAI-1 

0.49* 

0.21 

0.11 

0.10 


Fibrinogen 

0.52* 

0.20 

0.18 

0.02 

Triglyceride 

HDL:C 

-0.55* 

-0.41 

-0.19 

-0.22 


PAM 

0.59* 

0.42 

0.16 

0.26 


Fibrinocen 

0.36* 

0.11 

0.11 

0 

*p<0.01 

tp<0.05 

}poVh, J h 2 J 
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A986S polymorphism of the calcium-sensing receptor, insulin secretion and 
metabolic syndrome in women with prior gestational diabetes. 

Zs. Kerenyi. A-Gy. Tabak, G. Speer, E. Madarasz, P. Lakatos and Gy. Tamas. 
National Centre for Diabetes Care, 4th Dept of Med., Szent Imre Hospital, I st Dept. 
Medicine, Semmelweis Univ., Medical Faculty, Budapest, Hungary 

Background and Aims: Calcium-sensing receptor, which is also located on the 
surface of the pancreatic B-cell could modulate insulin secretion in vitro. Disturbance 
of insulin secretion is one of the major causal factors in the development of 
gestational diabetes (GDM) that supposed to be an early manifestation of the 
metabolic syndrome. To study the potential role of the calcium-sensing receptor in 
GDM its A986S polymorphism was investigated. 

Materials and Methods: The polymorphic region was amplified by allele specific 
PCR technique. The A (containing alanine) and S (containing serine) alleles were 
determined in 62 women with recent or prior (n=49) GDM. Type 1 (n=55), type 2 
(n=25) diabetic patients and healthy persons (n=201) served as controls Association 
between reclassification data (blood glucose, IRI, C-peptide and leptin values during a 
75g oGTT, HbAlc, lipoprotein lipids, PAI 1, fibrinogen, BMI, waist-to-hip ratio, 
blood pressure, fat %, creatinine and uric acid) of prior GDM women (mean age: 35.8 
± 5.7 [±SD] yrs; BMI: 27.8 ± 7.1 kg/m2; time elapsed since delivery: 3.4 ± 0.4 yrs; 
46% glucose intolerance [GI = diabetes mellitus or IGTJ) and the genotypes of the 
A986S calcium-sensing gene were investigated using ANOVA and t-tests for 
statistical analysis. 

Results: Genotype frequencies were 68% AA, 29% AS and 3% SS. No significant 
differences were found between any of the investigated groups. The genotypes were 
divided into presence (32%) and absence (68%) of S allele. The absence of S allele 
significantly correlated with the fasting (P=0.025) and 60 min glucose values 
(P=0.008) and inversely with the 30 min C-peptide levels (P=0.022) during oGTT. 
Fasting leptin (P=0.026), PAI 1 (P=0.011) and LDL-choIesterol (P=0.015) values 
were also associated inversely with the absence of the S allele. 

Conclusions: According to our results the presence of the A alleles might protect 
against hyperinsulinaemia and prevent the development of the metabolic syndrome. 
Characteristic features of the latter (elevated LDL-choIesterol, PAI I and fasting 
leptin values) were found in the presence of the S alleles. 
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MATERNAL TRANSMISSION OF TYPE 2 DIABETES: EVIDENCE FROM 
THE GOTO KAKIZAKI RAT MODEL 

R_ GiU-Randall, D. Adams, and JC Alcolado. Department of Medicine, University of 
Wales College of Medicine, Heath Park, Cardiff, Wales, UK. 

Background and Aims: More than 20 studies have been published in the last decade 
investigating the pattern of disease inheritance in Type 2 diabetes. Most of these have 
reported an excess maternal transmission but, because it is a disease of late onset, 
parents of affected probands are usually not available for stud)' and significant bias 
may result from historical recall of parental disease status. The few studies that have 
assessed parents directly have not confirmed significant maternal inheritance. The 
aim of the present study was to investigate any maternal effect in the inheritance of 
diabetes using a rodent model. 

Materials and Methods: Female (diabetic) Goto Kakizaki (GK) rats (n=20) were 
mated with non-diabetc Wistar males, and male (diabetic) GK rats (n=20) were 
mated with non-diabetic Wistar females. Pregnancies were allow ed to go to term and 
offspring studied after weaning. Tail-snip blood samples were taken after an 
overnight fast from all offspring for plasma glucose estimations at 6-weeks, 3-months 
and 6-months of age. 

Results: A total of 149 offspring of diabetic (GK) mothers (maternal diabetes group) 
and 278 offspring of diabetic (GK) fathers (paternal diabetes group) survived to 
weaning. GK mothers tended to hav e smaller litters and a higher offspring mortality 
than Wistar mothers. At 6-w eeks of age, the mean plasma glucose of the maternal 
diabetes group was 7.45 mM(+/- 0.62, standard error of mean) and of the paternal 
diabetes group was 7.50 mM (SEM 0.45) (p=ns). At 3-months of age, mean plasma 
glucose of the maternal diabetes group was 7.03 mM (SEM 0.6) and of the paternal 
diabetes group was 7.21 mM (SEM 0.49) (p=ns). At 6-months of age, mean plasma 
glucose of the maternal diabetes group was 5.60 mM (SEM 0.48) and of the paternal 
diabetes group w as 6.07 (SEM 0.4) (p=ns). 

Conclusions: Plasma glucose levels of offspring were not influenced by whether the 
mother or the father had diabetes. Further studies (e.g. intravenous glucose tolerance 
and insulin measurements) will investigate whether more subtle differences exist 
betw een the offspring of diabetic mothers and fathers. 


333 

INSULIN GENE VNTR ASSOCIATED WITH TYPE 2 DIABETES: 
INTERACTIONS WITH AGE, BODY FATNESS AND HEIGHT 
E.J.M. Feskens 1 , B.T. Heijmans 2 , P.E. Slagboom 2 , D. Kromhout 1 . National 
Institute of Public Health and the Environment, Dept, of Chronic Diseases 
Epidemiology, Bilthoven (1); Dept, of Medical Statistics, Leiden University 
Medical Center (2), Leiden, the Netherlands 

Background and Aims: Transcription of the insulin gene is influenced by a VNTR 
polymorphism, with two main alleles: class I and III. Associations of the class III 
allele with type 2 diabetes mellitus have been shown, but not consistently. Gene- 
environment interactions could explain these inconsistencies. Materials and 
Methods: We investigated whether variation at the INS VNTR locus was 
associated with the prevalence of diabetes mellitus, diagnosed by an oral glucose 
tolerance test, in 438 men aged 70-89 yrs (the Zutphen Elderly Study), taking into 
account age, body fatness and height. Results: Eleven percent of the men were 
homozygous for the class III allele. The prevalence of newly diagnosed diabetes 
was higher in this group (OR: 1.99,95% Cl 0.82-4.82) compared to the I/I and I/III 
subjects. The association was stronger in younger men (70-74 yrs, OR: 3.22, 95% 
Cl 1.14-9.04) than in older men (75-89 yrs, OR 0.65, 95% Cl: 0.08-5.29) (p 
multiplicative interaction 0.02). Higher than expected OR’s (additive interaction) 
were also seen in shorter men (<median 172 cm) (OR 3.09, p=0.04) and in men 
with subscapular skinfold thickness above the median (OR 2.19, p=0.07). Analysis 
of the patterns of interaction showed that for age and height both the risk factor and 
the INS VNTR variant class HI were required to raise the risk of diabetes. No clear 
interaction between the INS VNTR genotype and BMI was observed. Conclusions: 
The association between INS VNTR and diabetes is less clear in the oldest old. In 
contrast to overall body fatness, central body fat appears to elevate the risk of 
diabetes only in subjects with the class III allele. The interaction between INS 
VNTR and body height may be explained by a reported interaction with intrauterine 
developmenL 
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FAMILIAL HYPERINSULINEMIA CAUSED BY ABNORMAL 
INSULIN (INSULIN WAKAYAMA) 

S. F.Kato 1 , Y.Yoshimasa, N.Azuma 1 , G.Inoue 2 K.Hosoda 2 , K.Okazawa 2 , 

T. Son 2 , H.Ariyasu 2 and K. Nakao 2 . Kfshiwada City Hospital 1 , and Kyoto 
University 2 , Japan 

We recently identified a new family from Kishiwada, Japan with abnormal 
insulin. A 65-year-old non-obese Japanese man with diabetes mellitus had 
marked hyperinsulinemia with elevated IRI/CPR molar ratio. Achantosis 
Nigricanse was not detected. Laboratory tests were normal except for marked 
fasting hyperinsulinemia (130#U/mt), CounterTegulatory hormone was within 
normal limit. Anti-insulin and insulin antireceptor antibodies were absent. 
Family study revealed that his daughter also showed hyperinsulinemia. She 
was 31-year-old and had normal glucose tolerance. Proband’s elder brother, 
who was 72-year-old, was not diabetic without hyperinsulinemia. DNA 
analysis confirmed that proband and his daughter demonstrated the identical 
point mutation leading to the expression of Leu A3 insulin previously 
described for Insulin Wakayama. His daughter secreted insulin about two 
times as much as the proband in postprandial conditions and after load of 75g 
glucose. Peak time of blood IRI was 120 minutes after load in 2 hour 75g oral 
glucose tolerance test. All abnormal insulins discovered in Japan were insulin 
Wakayama. This family was fourth family of insulin Wakayama in the world. 
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CALCIUM I CALMODULIN DEPENDENT PROTEIN KINASE II GENES: GENOMIC 
STRUCTURE ANOSCREENINGFOR VARIANTS IN SUBJECTS WITH TYPE 2 DIABETES 

ALGloyn 1 , M. DataP, ACIark 2 , R.R.Holman 2 , T.M. F/*y8ng\ AT. Hatterolay' and S.J.H. 
Ashcroft 2 Centre lor Molecular Genetics. University of Exeter'. Oxford Centre for Diabetes, 
Endocrinology and Metabolism. University of Oxford 2 , UK 

Background and Alms: CaM Kinase II, a multifunctional Ca 2 ’ / calmoduSn - dependent 
protein kinase, is expressed In the pancreatic beta-ceil and is activated by glucose and other 
secretagogues in a manner correlating with insulin secretion. It has been proposed that the 
activation of CaM Kinase II mediates some of the actions of Ca 2- on the exocytosis of insulin. 
Thus, the genes encoding for members of this muttigene family are important candidate gene 
for beta-cell dysfunction in Type 2 diabetes (T2DM). We aimed to determine the genomic 
structure of both the gamma and delta isoforms (CAMK2G and CAMK20) and screen the 
exons and exon-intron boundaries for variants in subjects with T2DM. Material* and 
Method*: Genomic structure of the C AUK2G gene was determined by identifying 6 
contiguous clones from a human PI artificial chromosome (HPAC) library using a CaM 
Kinase It y cDNA probe. Positive dones were confirmed as y by PCR ampSfication of the y 
specific variable domain VIII. Fluorescence ii situ hybridisation (FISH) localised these dones 
to chromosome 10q22- The published genomic structures of the rat and mouse CaM Kinase 
It genes allowed the putative exon- intron boundaries of human G4MK2G to be identified. 
These were confirmed by vectorette PCR amplification and resequenced from genomic DNA 
CAMK2D genomic structure was determined by sequence homology to genomic cootigs in 
the NCBI database. DNA from 76 randomly selected subjects with T2DM was screened by 
SSCP analysts for variants In both genes. Reaulta: CAUK2G was composed of 23 exons 
(43-123bp) whilst, CAMK20 consisted of 18 exons (42-122bp). Screening of both genes has 
identified variants; in CAMK2G a silent variant (K®K) in exon 2 (AAA-*A4G) which encodes 
for part of the catalytic domain and an inlronic variant in exon 10 (* 58c-dj. In CAMK2D an 
intronic variant was detected in exon 14 (-45g-> e). Concluatoni: We have determined the 
genomic structures of CAUK2G and CAMK2D, localised the CAMK2G gene to chromosome 
10q22 and identified variants which can be used to determine the role of these genes in 
susceptibility to T2DM. 
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PARENT OF ORICLN EFFECT AT THE INSULIN GENE LOCUS: 
COMMON GENETIC MECHANISM MODULATING DISTURBED EARLY 
GROWTH AND RISK OF TYPE 2 DIABETES. 

N. Gharani, S. Huxtable, L-K. Li, S. Humphries, P. Hindmarsh and M. McCarthy. 
Department of Medicine, Imperial College, Middlesex Hospital and University 
College London, UK. 

Background and Aims: There is growing evidence that the complex association between 
early growth and metabolic phenotypes in later life is, in part, due to the pleiotropic effects 
of genes modulating insulin secretion and/or action, and thereby contributing to variation 
in both fetal and adult phenotypes. One such locus is the insulin gene. Family-based 
association studies have shown that INS-VNTR-associated susceptibility to type 2 
diabetes is transmitted preferentially through paternal class III alleles, and is, by 
implication, mediated through imprinted mechanisms active in early life. This is supported 
by a recent study which demonstrated maternal imprinting and paternal expression of the 
insulin gene in the human yolk sac. Evidence for similar imprinting effects modulating the 
known association between INS-VNTR class and early growth would therefore provide 
further support for a common genetic mechanism. 

Materials and Methods: We examined INS-VNTR genotypes of 191 Europid parent¬ 
offspring trios, each ascertained via unselected consecutive births. Measurements of infant 
weight, length and head circumference were available (expressed as SD scores, using sex 
specific UK Reference Data) at 0, 6 and 12 months of age. Parental and cord-blood 
samples, were genotyped for the -23Hphl variant (which acts as a surrogate for VNTR 
class), with ambiguities in the parental origin of fetal alleles resolved through additional 
INS-VNTR class I typing. Our search for imprinting effects focussed on the 51 
heterozygous infants, 21 of whom had inherited a paternal class I, and 30 a paternal class 
in 

Results: No differences were seen at birth, but, by 6 months, there was a clear divergence 
in growth patterns, with the paternal class EH babies both lighter (weight SDS (SD): 

O. 03(1.02) vs 0.66(0.90), p=0.029) and shorter (length SDS (SD): 0.13(1.00) vs 
0.90(0.81), p= 0.006) than those with paternal class I. In this study, we found no evidence 
for a relationship between fetal VNTR genotype (I/I vs I/ITI vs IIl/IIl, p>0.32) and 
parameters at birth, in contrast with previous ALSPAC data (though numbers were 
smaller). 

Conclusions: These data provide the first evidence that VNTR-associated effects on early 
growth, like those on diabetes, demonstrate parent-of-origin effects, lending further 
support for a genetic contribution to the link between fetal and adult phenotypes. 
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SEARCH FOR MUTATIONS OF THE Ca 3 VCALMODULIN-DEPENDENT 
PROTEIN KINASE It S IN PATIENTS WITH TYPE 2 DIABETES MELLITUS 
A. Voigt', H. Rochlitz 2 , H. Schatz 1 and A.F.H. Pfeiffer 2 , 'Medizinische 
UniversitStsklinik Bergmannsheil, Bochum, Germany, department of 
Endocrinology, University Hospital Benjamin Franklin, Berlin, Germany 
The Ca 2 7calmoduIin-dcpendent protein kinases II (CaMK II) are multifunctional 
intracellular enzymes which take part in the glucose-stimulated insulin-secretion. 
Mutations of CaMK II may lead to an impaired insulin-secretion and could play a 
key role in the multi factorial pathogenesis of the development of type 2 diabetes 
mellitus. Human p-cells show a high expression-level of CaM-kinases and CaMK 
II p and 5 are the predominant isoforms when compared to CaMK II y while the a- 
isoform was not expressed. The aim of this study was the detection and 
sequencing of the previously partial known cDNA-sequence of CaMK II 8. 
Furthermore mutation analysis of the CaMK II 5 cDNA-sequence of type 2 
diabetic patients was performed. Methods: RNA was extracted from lymphocytes 
of patients with type 2 diabetes mellitus and reverse transcribed into cDNA. Five 
primer pairs were designed for PCR according to a 727 bp sequence of the 5'- 
region of CaMK II 8 which was cloned from a human insulinoma cDNA-library 
and from partial sequences w hich w ere obtained from Gen Bank. These 5 primer 
pairs cover the complete coding sequence. All PCR-products were directly 
sequenced at least twice and analysed for mutations. Results: PCR-ampIificates of 
the five primer pairs were obtained from 36 patients with ty pe 2 diabetes mellitus. 
All PCR-products had the expected size. Additional amplificates which represent 
splice variants were not found. Direct sequencing showed the expected sequence 
of CaMK 11 8 2 but no mutation. Conclusion: Although in mammals 12 subtypes of 
CaMK II 6 are known, in this study only the S-subtype was detected in patients 
with type 2 diabetes mellitus, which showed no mutations of the coding sequence. 
If these findings play an pathophysiological role in the genesis of type 2 diabetes 
mellitus must be shown by further studies w ith more patients. 
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TRANSCRIPTIONAL REGULATION OF THE -132 G/A MUTANT ISLET 
AMYLOID POLYPEPTIDE (IAPP) GENE PROMOTER 
I. Rojas (1,2), R- Gomis (2), C. Franco (2), A. Novials (1). 

(1) Diabetes Department Sarda Farriol Foundation, and (2) Endocrinology and 
Diabetes Unit, IDIBAPS, Hospital Clinic. Barcelona. Spain. 

Background and Aims: Overexpression of islet amyloid polypeptide (IAPP) has been 
implicated in islet amyloidodogenesis. In previous studies in the Spanish population, we 
reported a -132 G/A mutation in the promoter region of the IAPP gene. The frequency of this 
mutation was higher in type 2 diabetic patients than in non-diabctic subjects (9.7% vs. 1.5%, 
p<0.005, odds ratio:6.85). We aimed to study the functional properties of the G/A mutant IAPP 
promoter, and to compare the effects of glucose metabolism, calcium, cAMP, and 
dexamethasone on the activity of the mutant and wild-type IAPP promoter. 

Materials and Methods: Experiments were performed in MIN6 ft-cclls. Plasmids were 
constructed containing the -229 to +458 bp region of the human IAPP promoter. Promoter 
activities were analysed by luciferasc assay after 20-24h of culture in the presence of 5.5 or 
22.7 mmol/1 glucose, 11.2 mmol/1 mannoheptulose, 11.2 mmol/1 6-dcoxy-glucose, 0.6 mmol/l 
diaaoxidc, 100 pmol/1 verapamil, 10 pmol/1 forskolin, and 10 pmol/1 dexamethasone. 

Results: The mutant construct showed a 2-fold increase in the IAPP promoter activity 
compared to the wild-type construct (p<0.001). The luciferase activity of cells transfected w ith 
the wild-type construct incubated in 22.7 mmol/l decreased by 25% and 30% after the addition 
of 6-dcoxy-glucosc and mannoheptulose, respectively. A similar pattern was observed with the 
mutant construct, but with higher levels of activity. Both constructs show ed a severe reduction 
in the promoter activity (4-fold decrease) after reduction of intracellular calcium concentrations 
in the presence of verapamil or diazoxide (p<0.001). By contrast, the IAPP promoter activity 
was enhanced (2-fold increase) in both constructs after incubation with forskolin or 
dexamethasone (p<0.05 and p<0.01, respectively). 

Conclusions: Wc have detected a -132 G/A mutation in the IAPP gene that increases IAPP 
expression. The mutant construct reproduces the same pattern of IAPP activity as the wild-type 
construct, but with higher values of activity. Glucose regulation of IAPP expression in both 
constructs requires a calcium signalling pathway preserved. The detection of an enhanced 
expression of IAPP after stimulation with forskolin and dexamethasone suggests the presence 
of functional cAMP- and glucocorticoid-rcsponsivc elements in the IAPP promoter, and that 
these factors contribute to the transcriptional regulation of the IAPP gene. 
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Genetic mutation of HNF la in Korean type 2 diabetes with familial traits 
JAV. Park, H.J Kim, S.J Lee, Y. S. Chung, K. W. Lee, H. M. Kim 
Department of Endocrinology and Metabolism, School of medicine, Ajou University, 
Suwon, Korea 

Background and Aims: Type 2 diabetes mellitus is a heterogeneous, multifactorial 
disease with a strong genetic background. The most frequent genetic background 
worldwide is MODY 3(maturity onset diabetes of young) related gene, especially 
hepatocyte nuclear factor 1 alpha(HNFla). HNFla is a transcriptional factor related 
with hepatocyte development, differentiation and insulin secretory function of beta 
cells. We performed DNA extraction and sequencing to determind whether HNFla 
gene mutation may contribute abnormal glucose metabolism in Korean type 2 
diabetes w ith familial traits. 

Materials and Methods: We evaluated HNF 1 a gene mutation by direct sequencing 
methiod in 17 Korean type 2 diabetes with familial traits(male 11: female 6) and 3 
unrelated NGT control subject without familial traits of DM. We evaluated glucose 
metabolism with OGTT, beta cell function and insulin sensitivity index(ISI) by 
HOMA models. The familial traits were defined by 2 or more diabetic patients in the 
1st degree relatives or 3 or more diabetic patients in the 2nd degree relatives. 

Results: Three new genetic mutation (V259I, H126A, S121T) and one 

po!ymorphism(l 19 valin GTC->GTG) in the HNF la were found in Korean type 2 
diabetes with familial traits. One family had a common mutation in all diabetic 
patients of the family subjects(exon 4 V2591,2 cases). Also other mutations (H126A, 
SI2IT) were found in Korean type 2 diabetes with familial trails. The mutation 
group(n=5) revealed reduced beta cell function compared to the non- mutation 
group(n= 12)(p=0.052). 

Conclusions: We found new HNFla gene mutations in Korean type 2 diabetes 
population with familial traits. Those type 2 diabetic patients who have HNFla 
mutation revealed reduced beta cell function. We concluded that HNF la gene 
mutation may contribute to glucose metabolism in Korean type 2 diabetes with 
familial traits. 
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Prevalence of Islet amyloid polypeptide promoter mutation (-132 G to A) in type 
2 diabetes. 

Esapa C, MofTitt J, McNamara CM, Levy JC, Clark A. 

Background and Aims: 

Islet amyloid polypeptide (IAPP) forms islet amyloid in type 2 diabetes (T2DM). 
Over-expression of IAPP in association with IAPP gene mutations could be causal 
factors for amyloidosis. A mutation in the IAPP promoter at position -132 (G to A) 
has been described in T2DM (9.2%); 2.3% in non-diabetic (ND) subjects in Spain. 
The aim of the study w f as to determine the prevalence of this mutation in a UK 
population and to examine its relationship to amyloid formation in a kindred with 
T2DM. 

Materials and Methods: 

Samples were collected from 273 T2DM subjects and 110 unrelated ND subjects 
derived from the Oxford region. To investigate the relationship between this mutation 
and islet amyloid observed at post-mortem, five brothers (3 T2DM and 2 ND) with a 
family history of T2DM were studied. Two of the T2DM brothers had extensive islet 
amyloid at post-mortem examination following their death. DNA was analysed for 
the IAPP promoter mutation (-132 G to A) by SSCP and direct sequencing. 

Results: 

The IAPP promoter mutation was detected in 14/278 (5%) diabetics; 4/110 (3.6%) 
ND controls (not significant); and in 1 diabetic and 2 ND brothers, but not in one 
patient with amyloid. 

Conclusions: 

The IAPP promoter mutation is not associated with T2DM. There is no association 
with islet amyloid deposition in the family studied. 
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Mutations in HNFl-alpba as Risk Factor for Gestational Diabetes 
T. Selisko(l), Peter EH Sclnvarz (1,3), Josef Vcelak (2), Hannes Rietzsch (1), Bela 
Bendlova (2), Jan Schulze (I) 

(1) TU-Dresden, Medical Clinic III, (2) National Institute of Endocrinology, Prague, 
(3) Howard Hughes Medical Institute, University of Chicago 

Background and Aims: Gestational Diabetes mellitus (GDM- diabetes mellitus type- 
4), is a heterogeneous disorder defined as glucose intolerance with first recognition 
during pregnancy. Mutation in the hepatocyte nuclear factor-1 alpha (HNF-1 alpha) 
gene cause MODY3, which is characterized by an impairment of insulin secretion. 
Amino acid polymorphisms in HNF-1 alpha, for example the AV98 variant, are 
associated with reduced glucose-induced C-peptide and insulin responses. We have 
addressed the question of whether variants in the HNF-1 alpha gene might be 
associated with gestational diabetes mellitus. 

Materials and Methods: The coding region of the HNF 1-alpha gene was analyzed in 
a case-control-study in 58 woman with GDM and 63 controls with common PCR- and 
sequencing methods GDM was diagnosed with a 50g glucose screening test followed 
by a 75g oGTT test between 24 to 28 week of gestation. Obvious MODY-patients 
were excluded from patients group. 

Results: Clinical characteristics of GDM patients and controls were: mean age 34.1 ± 
7.5/32.5 ± 8.8, (Mean + SD) GAD AB 13%/0%, INS AB 3%/2%, ICA 0%/0%, 
maternal diabetes 80%/36%). We identified nine heterozygot missense variants 
(Glu48Lys, AV98, Pro447Leu) in the HNF 1-alpha gene and twice the insTGGGGGT 
variant in the 5'UTR. The patient with the Glu48Lys presented with low titer of 
GAD- and Insulin auto antibodies. This patients would be classified as type-1- 
diabetic. Seven patients (12%) carried the AV98 missense variant and had a maternal 
and grand maternal history of GDM and/or diabetes. The GDM patient with the 
Pro447Leu show'ed diabetes in four consecutive generations. None of the variants 
w'ere seen in controls (p=0.0048). 

Conclusions: Mutations in HNFl-alpha are a risk factor for gestational diabetes. 
About 17% of German gestational diabetic patients carry mutations in the HNFl- 
alpha gene. The Glu48Lys w-as previously seen in type-1-diabetes and might be 
involved in autoimmune diabetes. The previously described 30% reduction in glucose 
induced c-peptide and insulin secretion in patients carrying the AV98 variant can be 
pathogenetic for GDM. 
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A BETA2/NEUROD1 POLYMORPHISM AS A DETERMINANT OF 
SUSCEPTIBILITY TO TYPE 2 DIABETES LN A SOUTH INDIAN 
POPULATION. 

AE.Jackson, P.G.Cassell, A.Ramachandran, C.Snehalatha and G.AHitman. 

Dept, of Diabetes and Metabolic Medicine, St. Bartholomews and the Royal London 
School of Medicine and Dentistry, UK; Diabetes Research Centre, Chennai, India. 
Background and Aims: Beta2/NeuroDl is a member of the basic helix-loop-helix 
(HLH) family of transcription factors, which is involved in pancreatic embryogenesis 
and regulating transcription of the insulin gene. Polymorphisms within the 
Beta2/NeuroDl gene associate with increased susceptibility to Type 1 Diabetes and 
have been found in some families with autosomal dominant diabetes. This study 
investigated the role of a previously reported G to A transversion in codon 45 that 
results in an amino acid substitution (Ala45Thr). 

Materials and Methods: 462 subjects from an urban survey were recruited as part of 
a study into the prevalence of Type 2 Diabetes (T2DM) in a South Indian population. 
AIa45Thr results in a loss of a Mwol restriction site. We screened for these 
substitutions by PCR-RFLP (Polymerase Chain Reaction-Restriction Fragment 
Length Polymorphism), and then the DNA fragments were separated on a 3.2% 
agarose gel and visualised by ethidium bromide staining. 

Results: An association study in the urban survey found a significant difference in the 
subjects positive for the variant allele between ^unrelated subjects with T2DM 
(n=84,14.3% positive ), IGT (n=59, 33.9% positive) and controls (n=319, 23.9% 
positive ) for the Ala45Thr polymorphism ( p=0.023). Quantitative trait analysis for 
waist hip ratio, body mass index, lipid profile, fasting blood glucose and 120 minute 
oral glucose tolerance profile for each of these groups revealed no significant 
association with Ala45Thr. 

Conclusions: These preliminary findings suggest variation in the Beta2/NeuroDl 
gene may contribute to glucose intolerance in a South Indian population. 
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PEROXISOME PROLIFERATORS ACTIVATED RECEPTORS IN 
TYPE H DIABETIC SUBJECTS 

A. Sapone, A. Ciavarella, S. Trespidi, A. Mustaccliio, L. Sacchetti, M. Paolini, 
G.L. Biagi, G. Cantelli-Forti. Department of Pharmacology, Phnrmacogenomics 
Unit, University of Bologna, and Diabctology Unit, S. Orsola-Malpighi 
Hospital, Bologna, Italy. 

Aim : PPARs have been shown to be involved in the regulation of intermediary 
metabolism (c.g., control of metabolic pathways important for lipid homeostasis, 
expression of proteins engaged in lipid transport, and adipose tissue 
differentiation). Isoforms a and y seem to be implicated in the development of 
inflammation, atherosclerosis, metabolic syndrome and type II diabetes. We 
assessed the frequencies of PPARa isoform Leul62IIc (known as a*3) and on 
the y isoforms: Pro34Ala (called *2) and Pro344GIn (*3), in diabetic and 
healthy subjects. Methods : To study PPAR isoforms and variants involved in 
type II diabetes, 104 patients with BMI£30 and diagnosis of typc-II diabetes <50 
years and 261 control DNA samples were selected and enclosed in this study. 
Poly Chain Reaction (PCR), restriction enzyme digestions and sequencing of 
mutated alleles were performed for PPARa (variant *3) and PPARy (*2 and *3) 
isoforms. Results : Entire genomic data are available for 235 controls and 98 
patients and shown in the Table: 


PPARs 

Controls 

Patients 


% 1 n 

Heteroz 

Homoz 

% 

n 

Heteroz 

Homoz 

alpha*3 

4.3 | 258 

18 

2 

2.9 

104 

6 

0 

gamma*2 

8.6 I 251 

41 

1 

6.5 

100 

13 

0 

*3 

4.0 | 248 

20 

0 

1.5 

101 

3 

0 


Conclusions : Cross-talk between a and y PPARs subtypes could be important 
for type II diabetes etiopathogenesis. Finally, these results should be useful to 
determine the relationship between genotypes and phenotypes, using different 
types of mutations and clinical data. 
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HOMOZYGOUS MUTATIONS LV NEUROD AND PAX4 IMPAIR INSULIN 
SECRETION IN PATIENTS WITH DIADETES 

AKanatsuka, Y.Tokuyama, O.Nozaki, K.Matsui*and T.Egashira*, Diabetes Centre 
Kasori Hospital, Chiba, *Res. & Develop. Center, BML, Inc., Kawagoe, Japan 
Background and Aims: Heterozygous polymorphisms: the Ala45Thr of NeuroD and 
the Argl27Trp of Pax4 genes does not, reportedly, seem to be associated with tvpe 2 
diabetes. We discovered the homozygous mutations of these transcriptional factors in 
patients with, late-onsct diabetes. To clarify the role of these mutations in the 
pathogenesis of this diabetes, w e examined the insulin secretion and sensitivity' in these 
patients. Materials and Methods: Association studies were carried out in 283 patients 
with diabetes excluding type 1A diabetes, age 61.9± 11.9 years and age at clinical 
onset of diabetes 51.4 ±12.8 years and 134 unrelated control subjects, age 70.1 ±7.8 
years. Genotyping for the Ala45Thr of NeuroD and the Argl27Trp of Pax4 genes was 
carried out by PCR-RFLP followed by the direct sequence method Acute insulin 
secretion was evaluated by C-pcptide secretion rate mathematically estimated by two- 
compartment model after intravenous glucose load (CS). Insulin sensitivity was 
evaluated by insulin-modified minimal model analysis (Si). Results: Genotype 
frequencies in patients and in control subjects were: the AIa45Thr of NeuroD (wt 0.809 
hctcro 0.177 homo 0.014 vs wt 0.896 hctcro 0.104 homo 0.00) and the Argl27Trp of 
Pa.\4 (wt 0.915 hctcro 0.074 homo 0.011 vs wt 0.955 hctcro 0.045 homo 0.00). 
Homozygous mutations of both genes were observ ed only in the patients. In the patient 
A, B and C with homozygous mutation of NeuroD, CS (normal range:6.8- 
18.5ng/ml/min) was 0.508, 1.481 and 1.223, respectively and Si (normal range: 2.6-7.6 
X 10-4/min/(mU/L)) was 0.727, 3.31 and 3.79. In the patient D and E with 
homozygous mutation of Pax4, CS was 0.418 and 0.208 and Si was 1.11 and 2.88. 
These results indicated the markedly impaired insulin secretion in the patients with the 
homozygotes. Conclusions: Since both mutations were not located in the DNA binding 
and transactivation domains, the effect of the variants on the function may be w eak and 
thus, the heterozygotes do not influence the (J-cclI function. However, the homozygotes 
impair the insulin secretion, inducing diabetes. 
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Association Of Prol2Ala Variant In Peroxisome Proliferator - Activated 
Receptor With Type 2 Diabetes Mellitus 

Mao.F,Bin. W.Hua.Ch,et alDepartment of Endocrinology and Metabolism, Sun Yat- 
Sen Memorial Hospital, Sun Yat-Sen University of Medical Sciences, Guangzhou 
510120 P.R. China 

Background and Aims:To investigate the association of Prol2Ala variant in 
peroxisome proliferator-actirated receptor-y gene with type 2 diabetes mellitus and its 
clinical characteristics. 

Materials and Methods:The genotypes of Pro 12Ala variant in peroxisome 
proliferator-activated receptor-y gene were determined by polymerase chain reaction- 
restriction fragment length polymorphisms (PCR-RFLP) assay in 401 unrelated 
subjects of "Han" population in the south of China (including 180 subjects with 
normal glucose tolerance and 221 type 2 diabetic patients). The clinical data w ere also 
analyzed. 

ResuIts:The allele frequencies in case and control groups were 96.15%, 96.11% for P 
and 3.85%, 3.89% for A; the genotype frequencies were 92.77%, 92.22% for PP, 
6.78%, 7.78% for PA, 0.45%, 0% for AA. The Pro 12Ala variant of peroxisome 
proliferator-activated receptor -gamma2 was not associated with type 2 diabetes. The 
Pro 12Ala polymorphism of peroxisome proliferator-activated reccptor-y2 in diabetes 
patients was associated with increased waist circumference and waist to hip ratio. The 
Pro 12Ala polymorphism in Chinese population was similar to that in Japanese 
population, and was different from that in European and American population. 
Conclusion: The Prol2Ala variant of peroxisome proliferator-activated rcccptor-y2 
could be associated with abdominal obesity in type 2 diabetes. The significant 
difference of Pro 12Ala of peroxisome proliferator-activated receptor-y2 among 
various races was observed. 
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THE Pro 12Ala PPAR gamma2 GENE POLYMORPHISM IN CZECH TYPE 2 
DIABETICS AND OBESE PATIENTS 
D. Srdmkova, M. KuneSova\ V. Hamer*, J. VCcldk, B. Bcndlovd 
Institute of Endocrinology, 1 I st Teaching Hospital, Charles University, Prague 
The peroxisome proliferator-activated receptors (PPARs) arc the transcription 
factors. PPAR y2 plays a key role in regulation of adipocyte differentiation and 
energy homeostasis. Numerous recent studies provide the evidence that the 
Pro 12Ala polymorphism is linked to obesity and type 2 diabetes mellitus but the 
results are controversial and depend on the ethnicity. The aim of this study was to 
determine allele frequencies and to study the influence of the polymorphism on 
biochemical and anthropometric parameters in healthy Czech adult population 
(n=69; agc=32.6±I0.2 years; BMI=23.9±3.7 kg/m 2 ), in a group of type 2 diabetics 
(n=183; agc=59.0±6.2 years; BMI=30.1±4.8 kg/m 2 ) and in a group of obese women 
(n=86; age=44.1±ll,4 years; BMI=37.5±5.8 kg/m 2 ). Methods: The Prol2AIa 
substitution was detected by PCR-RFLP method (Hgal). For statistical analyses, the 
NCSS 2000 program was used. Results: y 2 test did not reveal significant differences 
in Pro 12 Ala frequency between the group of diabetic patients and controls (hetero-, 
homozygotes: 26.23%, 1.09% vs. 15.94%, 1.45%, x 2= 2,66; p=0,10). However, the 
occurrence of Prol2Ala tended to be higher in a group of obese women (29.07%, 
1.16%) in comparison to the control group (x 2 =3.41; p=0.06). The Mann-Whitney 
test revealed significantly lower fasting insulin and C-pcptide levels in the Prol2 Ala 
carriers in a group of diabetic w omen (12.17*7.76 vs. 17.66±11.49 mIU/1; p^O.OCKS 
and 0.89±I.0I vs. 0.91±0.43 nmol/I; p=0.02, resp.). Tendency to lower fasting 
insulin levels was also evident in diabetic men (14.79±11.82 vs. I6.46±10.72 mlU/1, 
n.s.). Taken all probands together, there were no differences in body constitution 
(BMI, WHR), body composition (%fat mass, %muscles, %bone mass), lipid levels 
or in other tested parameters between the Prol2Ala carriers and non-carriers. 
Conclusion: The frequency of the Prol2AIa PPAR y2 gene polymorphism in Czech 
probands is similar to other Central European populations. Frequency of the 
Pro 12Ala substitution tends to be slightly higher in obese women compared to the 
controls. The fasting insulin and C-pcptidc levels in the Prol2Ala carriers were 
significantly higher in the group of diabetic women. This finding provides evidence 
that polymorphism may influence glucose metabolism. 

Supported by grants IGA Mil KB/5395-5, COSTB17. G4 UK 20303091/94. 
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GENETIC MAPPING OF IRS-2 BY DETECTION OF SNPs AND 
IIAPLOTYPES ASSOCIATED WITH INSULIN RESISTANCE. 

F. Grigorescu, C. Lautier, S. Ait El Mkadem, N. Molinari, A.G. Clark, G. 
Cros, J. Bringer and C. Jaffiol. IURC, Montpellier, France and IMEG, USA 

Background & aims: IRSs ( insulin receptor substrates ) arc susceptibility genes 
for both insulin resistance and p-cell dysfunction in complex diseases such as 
non insulin-dependent diabetes mellitus (NIDDM) or polycystic ovary syndrome 
(PCOS). To understand heterogeneity at the gene level we investigated SNPs 
(single nucleotide polymorphisms) and complex haplotypes of IRS-2 gene in a 
Caucasian population (n = 53) with PCOS and variable insulin resistance 
(HOMAir 3.2 ± 0.6). Methods: SNPs were searched by fluorescence-based 
sequencing of unphased DNA (ABI-373A) covering the coding region, 1106 bp 
5’ and 300 bp 3’UTR and regions at 4 kb upstream. Haplotypes were estimated 
from homozygous individuals, single-site heterozygous and then by inferential 
steps using Clark's algorithm, followed by assignment of haplotype pairs in each 
individual. Results: cSNPs were detected at sites 723, 816, 829, 1031, 1033, 
1048, 1057 and a new SNP (C/T) at -769 site in 5'UTR. These variations and 
SN’P 1157-21 and -22 upstream were arranged as 8 unambiguous and 22 unique 
haplotypes. The most frequent (47.2%) was haplotype 1 branched from the root 
in the phylogenetic tree by GIyl057Asp mutation. Mutation 1057 (G/A) was 
also found in two other branches partially explaining heterogeneity in analysis cf 
this variant. Less frequent (around 20%) were haplotypes 2 (site 1033), 3 and 4 
(sites -769, 723, 816, 829). In PCOS the most frequent haplotype pairs were 2/4 
(18.4%) and 1/4 and 1/2 (10.3%) while all remaining pairs were < 5.1%. When 
population was stratified as function of HOMAir (cut off 2.1), insulin resistant 
and 33% of glucose intolerant patients were associated with pairs 1/4 (HOMAir 
5.3 ± 3.5) and 1/2 (HOMA.r 2.5 ± 0.3). Haplotype 3/4,3/5 212 and 5/6 (HOMAir 
< 1.7) were found only in non-insulin resistant individuals and no haplotypes 
were associated with acanthosis nigricans. In conclusion, despite high 
heterogeneity of IRS-2 gene, the role in insulin resistance may be considerably 
unraveled by new strategies using dense genetic mapping based on SNPs and 
complex haplotypes. 
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Analysis of the relationship between PPAR-y 2 gene variants and severe 
insulin resistance in obese patients w ith impaired glucose tolerance 
S. Neumann, Matthias Bliiher, Ralf Paschke 

III. Medical Department, Faculty ofMedicine, University of Leipzig, Ph.- 
Rosenthal-Str.27, 04103 Leipzig, Germany 

Four mutations and one silent polymorphism in the peroxisome proliferator- 
activated receptor-y 2 (PPAR-y 2) gene have been identified. It was recently 
shown that loss-of-function PPAR-y mutations are associated with elements 
of the insulin resistance syndrome. However, there is a Prol 15Gln mutation 
of the PPAR-y 2 gene adjacent to a serine phosphorylation site contributing 
to a phenotype with severe obesity, which is not associated with type 2 
diabetes or hyperinsulinemia. In this study, we have investigated whether 
variants in the PPAR-y 2 gene are associated with obesity and extreme 
insulin resistance in obese patients with impaired glucose tolerance (IGT), 
and asked whether altered levels of free fatty acids (FFA) might be 
associated with PPAR-y 2 gene variants. The Proll5Gln, Prol2A!a, 
Pro467Leu, Val290Met and a silent polymorphism CAC478CAT were 
examined in 48 subjects with IGT and insulin resistance (IR), characterized 
by euglycemic hyperinsulinemic clamps, and in 52 healthy, lean, insulin 
sensitive (IS) controls. We found one patient in the IR group with the 
Prol 15Gln variant. The body weight of this individual (BMI 28.5 kg/m 3 ) was 
within the average of the IR group (30.3 ± 0.8 kg/m 2 ), but whole body 
glucose uptake (18pmol/kg per min) was lower as compared to the entire IR 
group (29jimol/kg per min) (p<0.05). 

The Prol2Ala variant was not associated with differences in BMI, in the 
degree of insulin resistance or in plasma FFA concentrations between the IR 
and IS group. The Pro467Leu, VaI290Met mutations and the silent 
polymorphism CAC478CAT were not detected in any group. In conclusion, 
the Pro 12Ala variant in the PPAR-y 2 gene is common, but not associated 
with diabetes, whereas the Prol 15Gln mutation is rare and may cause severe 
insulin resistance, although this was not the case for previously reported 
carriers of the Prol 15Gln mutant. 
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GENETIC POLYMORPHISM OF APOLIPOPROTEIN E ASSOCIATED TO 
TYPE 2 DIABETES MELLITUS IN A MEXICAN POPULATION. 

B. Ruiz, S.A. Godinez, P. Nufio-Gonzalez, and A. Panduro. 

Departments of Molecular Biology in Medicine and Endocrinology, Hospital 
Civil de Belen, and Physiology, Health Sciences Center, University of 
Guadalajara. Mexico. 

Background and Aims: Genetic and environmental risk factors are important to 
predisposition and development of type 2 diabetes mellitus (DM2), however, 
such risk factors could have population specific characteristics. In this study we 
analyzed the distribution of the genetic polymorphism of apolipoprotein E (apo 
E) and its association with lipid profile in patients with DM2 from the west of 
Mexico. Materials and Methods: Apo E genotypes including the three common 
allele (e2,e3, and e4) were identified by enzymatic amplification (PCR) of 
genomic DNA from blood samples and analysis of restriction profiles. 
Distribution of genotypes and alleles found in general population were compared 
with the usual distribution of apo E genotypes in patients with DM2. Results: In 
the general population (n-179) the allele that predominates is e3 with 83.8% 
followed by e4 (8.4%) and e2 (7.8%) respectively. Also a statistically significant 
relationship was found between high levels, of both total cholesterol and LDL 
with apo E 212, and apo E 3/4 genotypes (p<0.001 and 0.059). A similar increase 
of lipid profile was also observed with apo E 3/2 genotype, however such 
increase was not statistically significant. In the group of patients with DM2, the 
frequency of the allele e2 was higher (16.0%) than those found in the general 
population (7.8%). Such increase in the allele e2 was closely associated to DM2 
(p<0.019). There was not association between lipid profile and genotypes in 
patients with DM2. Conclusions: This study sow that the allele e2 is associated 
to DM2 in patients from the west of Mexico. Since e2 is also associated to 
clinical complication of DM2, such information could be considered for clinical 
follow up of the patient and prevention of DM2. 
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A NEW MUTATION TNFR2 GENE ASSOCIATED TO HYPERTENSION IN 
CONTROL AND TYPE 2 DIABETIC PATIENTS. 

M.Broch, C.Gutierrez, I.Simon, I.Vendrell, J.M.Femandez-Real, J.Vendrell and 
C.Richart. Hospital Universitari de Tarragona Joan XXIII. Universitat Rovira i 
Virgili. Institut d'Estudis Avan^atsTarTagona.Spain 

BACKGROUND AND AIMS: Association and linkage population studies have 
reported Tumor Necrosis Factor Receptor 2 (TNFR2) to be related with multiple 
metabolic disorders such as dislipidemia, hypertension, obesity and insulin resistance 
in general population. TNFR2 exon 6 encodes a small portion of the transmembrane 
region and contains the position of the proteolytic cleavage site that produces the 
soluble form of TNFR2 (sTNFR2) through a mechanism named shedding. 

TNFR2 exon 6 gene was studied in order to detect DNA variability which, possibly 
affecting receptor shedding, could be associated with susceptibility to type 2 diabetes 
mellitus or its metabolic disorders. MATERIALS AND METHODS: 119 type 2 
diabetic patients and 67 matched subjects were studied. Mutations in the TNFR2 exon 
6 gene were analyzed by means of automated sequencing of PCR products. The 
clinical parameters analyzed were blood pressure and body mass index (BMI). Leptin, 
sTNFRl, $TNFR2 and lipidic parameters were measured in all subjects. RESULTS: 
A previous reported polymorphism at position 196 (T>G) was identified. Moreover, a 
new mutation in intron 5 (C>T) unknown until date was described. All individuals 
homozygous for T allele in exon 6 were also homozygous for allele C in intron 5. No 
significant differences in allelic or genotypic frequencies between controls and 
patients were observed. Control and diabetic men canying the homozygous haplotype 
for exon 6/intron 5 (TT/CC) showed significant lower levels of systolic blood 
pressure (SBP) (126.7± 9.6 vs 144.2 ± 18.7 mm Hg for controls and 135 ± 18.9 vs 
152 ± 22.1 mm Hg for diabetic patients), but only those TT/CC diabetic men showed 
a trend towards lower levels of sTNFR2. A multiple linear regression model either 
SBP or DBP-TNFR2 haplotype controlled by group, age, sex, BMI, trigycerides, 
HDL-cholesteroI, sTNFRl, sTNFR2 showed that both SBP and DBP levels were 
independently determined by the haplotype TT/CC (subjects carrying the haplotype 
are those with the lower blood pressure). CONCLUSIONS: These results suggest 
that this new genetic variation at TNFR2 gene m3y influence blood pressure levels 
independently of age, sex, BMI, lipidic parameters and sTNFRs in controls and type 2 
diabetes. 

This project was supported by FIS 00/0757 and Fundacio Marato de TV3(99/20I0). 
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A TUMOUR NECROSIS FACTOR ALPHA GENE POLYMORPHISM 
INCREASES RISK OF EVSULLN RESISTANCE AND THE METABOLIC 
SYNDROME LN OBESITY 

B. Dalziel, A.K. Gosby, J.M. Bryson and I.D. Caterson. Human Nutrition Unit, 
Department of Biochemistry, University of Sydney, Australia 

Background and Aims: Tumour necrosis factor alpha (TNFa) is a multifunctional 
cytokine that when produced by the adipose tissue, acts as an endocrine signal that 
may cause increased insulin resistance of the surrounding tissue. Secretion of TNFa is 
increased in the obese state, and could be the link between obesity and the 
development of Type II (non-insulin-dependent) diabetes. We investigated whether a 
polymorphism in the promoter region (-30SG/A) of the TNFa gene was associated 
with increased risk of insulin resistance and dyslipidemia in an obese Australian 
population. 

Materials and Methods: Obese, non-diabetic subjects (146 female, 34 male) were 
genotyped using PCR-RFLP techniques and anthropometric and biochemical 
measurements were compared. A homeostasis model assessment (HOMA) score was 
used to gauge the level of insulin resistance. 

Results: Subjects homozygous for the mutation resulting in the A allele (7 %) had 
higher fasting insulin (226 ± 27 vs 131 ± 7 pmol/1, p <0.001), higher systolic blood 
pressure (143 ± 5 vs 129 ± 2 mmHg, p <0.001) and lower HDL cholesterol (1.13 ± 
0.05 vs 1.25 ± 0.03 mmol/I, p =0.04) than subjects homozygous (59 %) for the G 
allele or subjects who were heterozygous (34 %). HDL cholesterol was negatively 
correlated to HOMA scores (r = -0.710, p <0.001) in subjects with the A allele only. 
Insulin resistance was associated with BMI and waist circumference in all subjects. 
Conclusions: The -308 A/G variant conveys an increased risk for the development of 
insulin resistance in obese subjects. The presence of low HDL cholesterol further 
increases the risk for the development of insulin resistance, but only in those subjects 
carrying the A allele. 
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TNF-ct GENE POLYMORPHISM IS ASSOCIATED WITH INSULIN 
RESISTANCE IN THE SARDINIAN POPULATION. 

MG Melis, G Secchi, A Carboni, MF Angius, M Ciccarese,M Maioli and G Tonolo 
Cattedra Malattie Metabolismo, University of Sassari, Sassari, Italy 
Background and Aim: TNF-a is a cytokine proposed to interfere with insulin 
signaling at the level of the insulin receptor. We evaluated the association of G-»A 
polymorphism at position -308 of the TNF-a gene promoter with insulin resistance 
measured by the Homeostasis Model Assessment (HOMA-IR). The G30SA, being 
in the promoter region of the gene does not affects the amino acids sequence of 
TNF-a, but might affect the amount of protein translated interfering with insulin 
sensitivity. Materials and Methods: 702 individuals with type 2 diabetes and 518 
non diabetic subjects, unrelated, comparable for age, sex, plasma lipids, and BMI 
were screened for the G308A variant All subjects with fasting serum glucose <140 
mg/dl were tested with OGTT, those with values>140mg/dl in two occasions were 
considered diabetics; fasting glucose and insulin were measured in all subjects. 
Results: In the non-diabetic group BMI, HOMA-IR and uric acid were significantly 
higher (p<0.01) in the hypertensive subjects as compared to normotensive. Only 
HOMA-IR was significantly higher (p<0.05) in normotensive non-diabetic with 
family history positive for hypertension as compared to those with negative family 
history. The same differences, although non significant, w ere present also in type 2. 
The A allele at position -308 was present in 4.9% type 2 and 7.3% non diabetics 
(x2=5.33, p=0.02). No differences were present when the analysis was performed 
for BMI or hypertension, irrespective of diabetes status. HOMA-IR in A mutated 
subjects was significantly lower (4.8±2.8 vs. 8.0± 6.7, p<0.05) and associated with 
significantly lower circulating TNF-a [pg/ml, median and (range) 2.5, (0.15-120) vs. 
10, (0.15-180), p =0.0241 ] as compared to G allele carriers. Conclusion: Our data, 
confirming the important role played by TNF-a on insulin sensitivity, are consistent 
with the hypothesis that in Sardinian population the G308A variant might be 
protective against the future development of type 2 diabetes in susceptible 
individuals, ameliorating insulin sensitivity. 
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PROMOTER POLYMORPHISM OF THE PARAOXONASE 
(PON1) GENE MAY BE INVOLVED IN INSULIN SENSITIVITY 
Y. Ikeda, T. Suehiro, S. Tsuzura, Y. Kumon and K. Hashimoto. Second 
Department of Internal Medicine, Kochi Medical School, Kochi, Japan 
Background and Aims: Human serum paraoxonase (PON1) has been 
shown to reduce the susceptibility of LDL to lipid peroxidation. The 
objective of the study was to determine whether the -108C/T 
polymorphism of the PON 1 gene, which is related to the serum PON 1 
concentration, is associated with insulin sensitivity. Materials and 
Methods: Seventy Japanese (20 normal subjects, 14 subjects with IGT 
and 36 type 2 diabetic patients) were recruited, and the euglycaemic- 
hyperinsulinaemic clamp study was performed to assess insulin 
sensitivity. Genomic DNA was extracted from whole blood, and the 
-108C/T polymorphism was detected by the direct sequencing method. 
Results: The frequencies of -108CC, -108CT and -108TT genotypes 
were 32.9, 45.7, and 21.4%, respectively. There were no significant 
differences in frequencies of these genotypes between the 3 groups. 
Glucose infusion rate (GIR) was significantly higher in -108CC 
genotype than in-108CT or-I08TT genotype (7.6 ± 3.2,5.6 ± 2.8,5.5 
± 2.4 mg'kg'min, respectively; p=0.025, ANOVA). The stepwise 
regression analysis for GIR revealed that the -108C/T polymorphism 
was a significant contributor (F=13.082), as well as BMI, fasting 
immunoreactive insulin and HbA| C (S 2 = 0.520, /K0.0001). 

Conclusions: It has been reported that oxidative stress causes insulin 
resistance. This polymorphism may influence insulin sensitivity 
through modulating serum antioxidant capacity. 
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Identification of genetic polymorphisms in the coding region of the hormone 
sensitive lipase gene and their impact on insulin sensitivity of lipolysis and 
glucose disposal 

F. Machicao, Hans Gunther Wahl, Stephan Jacob, Alice Rettig, Hans Haring, Michael 
Stumvoll 

Department of Endocrinology and Metabolism, Eberhard-Karls-Universitat, 
Tubingen, Germany 

Background and Aims: Free fatty acids released during triglyceride lipolysis play an 
important role in obesity-associated insulin resistance of glucose disposal. The 
individual sensitivity of lipolysis to the suppressive effect of insulin varies greatly 
among healthy subjects. The aim was to assess whether genetic variants in the 
hormone sensitive lipase (HSL) gene contributes to the biological variation of insulin 
sensitivity of lipolysis and glucose disposal. 

Materials and Methods: We determined insulin sensitivity of lipolysis (suppression 
of isotopically [primed-continuous infusion of d5 glycerol] measured glycerol rate of 
appearance) and of glucose disposal using a three-step (N=20) or standard (N=53) 
hyperinsulinemic euglycemic clamp in 73 healthy, unrelated subjects. To assess the 
possible role of genetic polymorphisms, vve sequenced the coding region of the HSL 
gene and the non-coding exon B from these sujects using overlapping single-strand 
conformational polymorphism analysis. 

Results: We identified 2 silent mutations and 3 amino acid polymorphisms: 
Arg262Met (prevalence 5 %), Glu620Arg (31 %) and Ser681Ile (22 %). The latter 
two are located in the regulatory domain of HSL but neither one had a significant 
impact on insulin sensitivity of lipolysis or glucose disposal (with and without 
adjustment for obesity and age as covariates, all p values > 0.20). 

Conclusions: We conclude that a number of genetic polymorphisms in HSL exist of 
which some are highly prevalent It is unlikely, however, that these polymorphisms 
contribute to the biological variation of insulin sensitivity. Therefore, HSL does not 
appear to be a major candidate gene for insulin resistance or type 2 diabetes. 


PS 6 

Type 2 Diabetes - Genetics: 

Candidate Genes in Insulin Action II 

355 

ANALYSIS OF THE HUMAN HEXOKLNASE n PROMOTER LN 
TRANSGENIC MICE: LACK OF FUNCTIONAL INSULIN RESPONSE UNIT 
WITHIN 4.0 KB 

E. Pirinen#*, S. Heikkinen#*, M. Malkkia, S.S. Deebo, J. Janne*. and M. Laakso#. 
#Dept of Medicine and *A.I.Virtanen Institute, University of Kuopio, FIN-70211 
Kuopio, Finland; DDepts of Medicine and Genetics, University of Washington, 
Seattle, WA 98195, USA 

Background and Aims: Hexokinase II (HKU) plays an important role in facilitating 
glucose uptake in response to insulin. HKII may have a role in the development of 
Type 2 diabetes and insulin resistance since the reduction in the levels of HKII 
mRNA and enzyme production has been observed in patients with Type 2 diabetes. 
The aim of this study was to delineate the molecular mechanisms of insulin induction 
by identifying the cis-acting DNA element(s) that mediate(s) the effect of insulin on 
HKII gene transcription. Materials and Methods: We have generated transgenic 
mouse lines harbouring either the 97,254, 505, 819 or 4077 bp human HKD promoter 
driving the expression of a luciferase reporter gene. Basal luciferase activity was 
determined in tissue homogenates from 4 wk old transgenic mice using Wallac 
GeneLux kit. Insulin induction studies were performed on 5 wk old transgenic mice 
after 12 h fasting by repeated injections of D-glucose followed by analyses of 
endogenous HKII transcription and reporter gene expression. Results: Our results 
showed that the -505 bp promoter construct was the shortest one that was capable of 
driving expression of the reporter gene in a tissue-specific manner and giving any 
significant basal promoter activity (for all tissues, —254 vs. —505, p< 0.01; —505 vs. 
—819, NS). Surprisingly, luciferase activities in transgenic mice carrying either -505 
or -819 constructs were significantly higher than those of the -4077 construct (for all 
tissues, —505 vs. —4077, p<0.01; —819 vs. —4077, p< 0.05). In response to glucose 
injections, no significant induction of luciferase activity was observed in the treated 
group compared to the control group with any of the promoter constructs used, even 
though the treatment resulted in a ~3-fold induction of endogenous HKII mRNA. 
Conclusions: Luciferase activities indicate that major promoter elements responsible 
for the tissue-specificity and basal activity of the human HKII gene expression are 
located within the -505 bp segment of the promoter. In addition, the presence of a 
powerful in vivo silencer element between -819 and -4077 bp was revealed. However, 
our results suggest a lack of functional insulin response unit in the 4077 bp region of 
the human HKII gene promoter in mice. 
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CHARACTERISATION OF THE HUMAN SKELETAL MUSCLE GLYCOGEN 
SYNTHASE GENE ( GYSI ) PROMOTER 

J. Fredriksson, M. RidderstrSIe, L. Groop and M. Orho-Melander. Department of 
Endocrinology, Wallenberg laboratory, Lund University, Malmo, Sweden. 
Background and Aims: Impaired activation of skeletal muscle glycogen synthase 
(GS) by insulin is typical for type 2 diabetes and the GYSI Xbal polymorphism has 
been associated with type 2 diabetes and the metabolic syndrome. Our aim W'as to 
obtain information on the transcriptional regulation of the GYSI gene and to study 
whether variants in the promoter region could explain the previous genetic 
associations. Materials and Methods: Seven fragments of 121,250,544,692,995, 
1707 and 2158bp of the GYSI promoter, all including 59 bp dow nstream from the 
transcription initiation site were cloned into a pGL3-Basic vector containing the 
firefly luciferase reporter gene and expressed in human kidney cells (HEK293), in 
mouse C2C12 myoblasts and in differentiated myotubes. The effect of a putative 
cAMP responsive element (CRE) located at nucleotides -227 to -235 was evaluated 
by forskolin stimulation (10|iM for 24h). The region with highest promoter activity 
(—445 to -1013 bp) was screened for mutations by single-stranded conformational 
polymorphism (SSCP) in 20 sib pairs discordant for both the Xbal polymorphism 
and the metabolic syndrome. Results: In relation to the -250 fragment, the 
promoter activities of the different constructs were 0.08, 1.0, 0.8, 0.8, 05, 0.4 and 
0.3 in HEK293; 0.4, 1.0, 1.3, 2.3, 1.0, 1.0 and 0.5 in myoblasts and 0.1, 1.0, 1.0, 
3.7, 1.9, 1.4 and 1.0 in myotubes. The highest promoter activity was observed for 
the -692 bp fragment in C2C12 myotubes (3.7 ± 0.9 fold of the -250 bp fragment 
p=0.0003). Forskolin treatment resulted in a 30% decrease in activity of the -121, - 
250 and -692 bp fragments (p=0.019, p=0.0007 and p=0.0007, respectively) in 
myotubes, whereas insulin (lOOnM for 24h) did not have any significant effect. 
Mutation screening revealed new promoter variants and five pairs were genotype 
discordant. Conclusions: The -250 bp fragment is responsible for GYSI basal 
transcriptional activity in kidney cells, myoblasts and myotubes, whereas the 
myotube-specific expression is provided by the region between -544 and -692 bp. 
The GYSI promoter is sensitive to forskolin and contains several genetic variants. 
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Functional significance of the UCSNP-43 polymorphism in the CAFNIO gene for 
proinsulin processing and insulin secretion in non-diabetic Germans 
M. Stumvoll, A. Fritsche, A. Madaus, N. Stefan, M. Weisser, F. Machicao, K Haring. 
Department of Endocrinology and Metabolism, Eberhard-Karls-Universitat, 
Tubingen, Germany; 

Background and Aims: Recently, an association of the G allele in UCSNP-43 of 
calpain 10 with type 2 diabetes and decreased glucose disposal was reported. Calpain 
10 is also expressed in pancreatic islets. The aim was to assess whether and how this 
polymorphism contributes to the biological variation of beta cell function. 

Materials and Methods: We studied 73 non-diabetic subjects from the Southwest of 
Germany (G/G, N = 41; G/A, N = 29, A/A, N = 3) using a modified hyperglycemic 
clamp (10 mM glucose, added GLP-1, final arginine bolus). The genotype distribution 
was not different between NGT (N = 56) and IGT (N = 17) subjects (p = 0.74). 
Results: First phase insulin secretion (adjusted for insulin sensitivity from 
hyperglycemic clamp and sex) was greater in G/G (2747 ± 297 pmol/min) than in 
G/A+A/A (1612 ± 156 pmol/min, p = 0 003). Insulin secretion in response to arginine 
(adjusted for insulin sensitivity) was also greater in G/G (9648 ±1186 pmol/min) than 
in G/A+A/A (5686 ± 720 pmol/min, p = 0.04). The acute post-stimulus 
proinsulin:»nsulin (PI/I) ratio was lower in G/G (1.6 ± 0.4%, 1st phase; 1.6 ± 0.2 
arginine) than in G/A + A/A (4.0 ± 0.5%, 1st phase, p < 0.001; 2.5 ± 0.4 arginine, p * 
0.03). 

Conclusions: In conclusion, it appears unlikely that any association with type 2 
diabetes of the UCSNP-43 polymorphism alone, i.e. irrespective of haplotype 
combinations, involves impairment of insulin secretion. 
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ALLELIC VARIATIONS IN CALPAIN 10, VITAMIN D RECEPTOR GENES 
AND SUSCEPTIBILITY TO TYPE 2 DIABETES IN A POLISH POPULATION. 
M.T. Maledd, K. Wanic, D. Moczulski, J. Frey, K. Cyganek, T. KJupa., A Zub, J. Sieradzki. 
Department of MetaboBc Diseases, Jageflonian University, Krakow, Poland 
Introduction: The genes involved in the metabolism of vitamin D, for example 
vitamin D receptor (VDR), are considered to be candidates for type 2 diabetes 
(DM2). The evidence exists that calpain 10, a gene associated with DM2, may be 
regulated by vitamin D. Aims: 1) To search for the association of calpain 10 and 
VDR with DM2 in a Polish Population 2) To examine the interaction between 
calpain 10 and VDR. Methods: In total 200 individuals with DM2 were examined 
The control normoglyceamic group consisted of 113 individuals. The groups have 
been genotyped for calpain 10 SNP’s 43, 19 and VDR Apal and BsmI variants so 
far. Genotyping for SNP63 is in process. SNP19 was examined by electrophoresis of 
the PCR product on agarose gel by size, while RFLP was used for the other markers. 
Since SNP’s of Calpain 10 were in a very strong linkage disequilibrium, haplotypes 
could be assigned to phase-unknown individuals. Differences in distributions 
between the groups were examined by x 2 test. 'll 16 gene-gene interaction was 
assessed by multiple logistic regression. Results: The allele frequencies for DM2 
patients and controls were as follows: Calpain 10: SNP43- G/A- 73,5%/26,5% vs. 
71,0%/29,0%, SNP19- three 32 bp/two 32 bp repeats- 65,7%/34,3% vs. 
62^%/37,8%; VDR: BsmI- B/h- 35,0%/65,0% vs. 33,2%/66,8%, Apal- A/a- 
48,0%/52,0% vs. 47>8%/52^%, respectively. There was no difference between the 
groups when we analysed the allele, genotype and haplotype distribution in both 
genes. The multiple logistic regression analysis did not show an association, either. 
However in Calpain 10, G-three 32 bp repeats haplotype homozygotes (double 
SNP43 and SNP19 homozygotes) tend to be more frequent in DM2 (17,5%/9,6%, 
p^.OS). Conclusion: 1) The results suggest the association of Calpain 10 haplotype 
combinations with DM2 in a Polish Population- Adding SNP63 into the analysis will 
allow to analyse three locus haplotypes and to assign the attributable risk. 2) We did 
not find evidence for VDR association with DM2 or for calpain 10-VDR interaction. 
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THE IMPACT OF CALPAIN-10 GENE COMBINED-SNP VARIATIONS ON 
TYPE 2 DIABETES MELUTUS AND ITS RELATED METABOLIC TRAITS 
K Xiang, Q Fan, T 23ieng, W Jia, R Zhang, J Li and K. Shen. 

Shanghai Diabetes Institute, Shanghai, P.R.China. 

Background and Aims To investigate the impact of calpain-10 gene (CAPN-10) 
combined SNP variations on type 2 diabetes mellitus (T2DM) and its related clinical 
metabolic traits in Chinese. Materials and Methods 268 Chinese, 144 with 
NGT and 124 with T2DM. Plasma glucose (PG), insulin, c-peptide and free fatty 
acids (FFA) levels were measured at fasting and after ora! glucose challenge. The 
insulin secretion and sensitivity were assessed by HOMA indices. CAPN-10 
UCSNP44, UCSNP43, UCSNP19 and UCSNP63 were genotyped. Results (1). 
14 genotype combinations of these four SNPs were observed in Chinese NGT 
subjects. 69% of the NGT population was composed of four genotype combinations, 
in the order of UCSNP44,-43,-19 and -63, i.e., combination A:TT-GG-DI-CC 
(haplotype combination 1121/1111) (frequency=IO%), combination B:TT-GA-II-CC 
(1121/1221) (10%), combination C: TT-GG-II-CC (1121/1121) (26%) and 
combination D: TT-GG-DI-CT (1121/1112) (22%). (2). The frequencies of the SNP 
in single or in combinations were not differed significantly between NGT and T2DM 
groups. (3).The variation of clinical metabolic parameter levels shifted from 
completely normal towards glucose intolerance among genotype combination 
subgroups. In comparison between combination A to combination D, subjects in 
the former subgroups had higher PG levels with delayed peak after glucose challenge; 
less and lower decrement of FFA levels after challenge with no rising in late stage; 
more insulin secretion with delayed peak after challenge and the tendency of 
decreased insulin sensitivity. More than half of the variables remained statistically 
significant after adjusted with age, gender, body mass index and waist circumference. 
Conclusions The variation of calpain-10 gene has impact on the variations of 
clinical metabolic parameter related to type 2 diabetes mellitus. Such impact depends 
upon the haplotype as well as the haplotype combination. 
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Polymorphism in the 5’-Ieader cistron of the beta-2 adrenergic receptor gene is 
associated to gynoid obesity in Italian population. 

R. Buzzetti, A. Petrone, G. Giorgj, A. Galg3ni, M. Capizzi, R. Fiori, S. Lattari, & U. 
Di Mario Dept, of Clinical Science, University "La Sapienza", Rome, Italy 

Background and Aims: Obesity is a complex metabolic disorder with strong genetic 
components. Body fat stores and energy balance are largely controlled through 
subtypes of adrenergic receptors (Ars) coupled to guanine nucleotide binding proteins 
and adenylate cyclase. Some studies have reported associations of polymorphisms of 
both beta-2 and beta-3 adrenergic receptors (Ars) genes with obesity. The aims of our 
study is to assess the role of two polymorphisms in the beta-2 and beta-3 adrenergic 
receptors respectively in the development of obesity in Italian population. 

Materials and Methods: We analised beta-2 Gln27Glu and beta-3 Trp64Arg 
polymorphisms of adrenergic receptors gene in 295 obese subjects (body mass index 
3 25 kg/m2) and in 126 control subjects (body mass index <25 kg/m2 ) matched for 
sex and age, using PCR-RFLP method. 

Results: The frequency of Arg 64 phenotype is not statistically increased in obese 
compared to non obese subjects (8% vs 12% respectively). The frequency of Glu27 
homozigous and of Glu27 phenotype is not statistically increased in obese compared 
with non obese subjects (10.5% vs 7.9% and 52% vs 47%). However the frequency 
of G!u27 homozigous is statistically increased in gynoid obese subjects compared to 
android obese subjects (21% vs 5,9% p=0.02, OR=3.1) and control subjects (21% vs 
7,9% p=0.03). 

Conclusions: Our results suggest that the beta-3 adrenergic receptor gene is not 
involved in the susceptibility to obesity and that the beta-2 GIu27 homozigous is 
implicated in gynoid obesity in Italian population 
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CANDIDATE GENES IN COMPLEX DISEASES: ARE THEY USEFUL? 
G Tonolo,MG Metis,G Secchi, A Carboni } MF Angius,M Ciccarese, G 
Pala*,M Manai**,RCirillo***, M Pisano§, A Nlassidda §§ and M Maioli.. 
Cattcdra MalatUe Metabolismo, University of Sassari, Diabetology Units of 
Nuoro* , Lanusei §§, Cagliari **, Isili§, University of Cagliari *** Italy 
Background and Aim: In complex diseases (type 2 diabetes, hypertension, obesity, 
etc) the candidate gene approach is used with the advantage to postulate a 
hypothesis, although a single gene cannot explain, by definition, the etiology of 
complex diseases. For this reason we decided to screen several candidate gene 
polymorphisms using a well matched case control population. Materials and 
Methods: Between 1994-2000 the SGGDS (Tonolo et al Diab. Nutr & Metabl998) 
enrolled a total of 2451 subjects: 751 unrelated cases, 880 unrelated controls and 
820 type 2 siblings of Sardinian origin from more than three generations. 65% were 
hypertensive, 40% were obese and 25% were microalbuminuric. Candidate genes 
were screened with the RPLF methods using published techniques validated in our 
laboratory. Results: Trp64Arg of the ft-3 adrenergic receptor was associated with 
hypertension (Tonolo et al J Hypert 1999) and with increased diastolic blood 
pressure values to physiological noradrenaline infusion (p<0.01); C->A-188 of the 
Ob promoter gene was associated with B.MJ>30 and significantly low plasma 
levels of Ieptin (p<0.05); G-»A-308 of the TNF-a promoter gene with peripheral 
insulin sensibility and significantly lower levels of circulating TNF-a(p ; =0.024); 
AooE genotype 2/3 with significantly lower plasma levels of cholesterol (p<0.05); 
ACE II although no significantly, was more frequent in micro-macroalbuminuric 
subjects; Glv40Ser of the glucagon_receptor gene was not associated with diabetes 
or hypertension, but with a lower response to physiological glucagons infusion 
(Tonolo et al, Diabctologia 1997). Conclusions: Although no clustering of these 
polymorphism were evident from our data, and obviously no single polymorphism 
was causative of any of the considered complex diseases, nevertheless these 
approach could be used in the identification of intermediate phenotypes, closer to 
the gene product than the final phenotype and less modified by the environment 
and the genetic background, leading to a better phenotypic characterization of 
complex diseases as diabetes, hypertension, obesity etc. 
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EFFECT OF THE CHOLF.STF.RYL ESTER TRANSFER PROTEIN 
TAQIB GENE POLYMORPHISM ON PARAMETERS OF THE 
INSULIN RESISTANCE SYNDROME 

G.Galvan, R.Weitgasser, L-Malaimare, I.Der (linger, M.Hedegger, J.Lang, 
B.Iglseder, B.Holzl, C.Datz, F.Sandhofer and B.Paulweber. 

1* Dept, of Medicine, StJohanns Spital, and Dept, of Neurology, 

Christian Doppler KUnik, Salzburg, Austria 

Background and Aims: The cholesteryl ester transfer protein (CETP) is 
responsible for the exchange of triglycerides and cholesteryl esters between 
lipoprotein particles leading to an increased hepatic clearance of HDL- 
cholesteryl esters. A high CETP activity reduces serum HDL, whereas subjects 
without CETP activity have high HDL levels. We investigated the association of 
the TaqlB CETP polymorphism and various parameters of the insulin resistance 
syndrome in a cross sectional population based study. Materials and Methods: 
We included 1029 persons without known cardiovascular disease or diabetes 
mellitiis consecutively enrolled in the SAPHIR (Salzburg Atherosclerosis Pre¬ 
vention program in subjects with a High Individual Risk). Numerous clinical and 
laboratory parameters were determined. Insulin sensitivity was measured by a 
short insulin tolerance test. The TaqlB CETP polymorphism was determined by 
PCR, TaqI restriction and electrophoresis. Results: 35.2% were homozygous for 
the presence (B1B1), 46.7% heterozygous (BIB2), and 18.1% homozygous for 
the absence (B2B2) of the restriction site. HDL-cholesterol was significantly 
lower, triglycerides, apolipoprotein A and frequency of small dense LDL 
(sdLDL) higher in B1B1 compared to B2B1 and B2B2 subjects. In women we 
found a significant interaction effect between CETP genotype and obesity on 
HDL cholesterol. B1B1 women with a BMI and a waist circumference above the 
median had a 0.25mmol/l lower HDL than B1B2 and a 0.23 mmol/1 lower HDL 
than B2B2 women (p<0.001). In men no interaction effect but a marked geno¬ 
type to HDL correlation was found. Furthermore a high CETP effect on LDL 
size was detected in men (p=0.001). B1B1 men had sdLDL in 36%, B1B2 in 
24.6%, and B2B2 in only 14.5%. LDL-pattem B was found twice as frequent in 
males with obesity and insulin resistance as in insulin sensitive men. In 
Conclusion w e found a significant sex specific effect of the TaqlB CETP poly¬ 
morphism on the insulin resistance parameters HDL-cholesterol and LDL size. 
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Variations in the WFS1 (Wolfram syndrome) gene are not associated with type 2 
diabetes 

J. Minton(l), A Hattersley(2), T Frayl'mg(2), T Barrett(l). 1: University of 
Birmingham. 2: University of Exeter. 

Background and Aims: Wolfram syndrome is a monogenic form of diabetes 
characterised by recessive inheritance, onset in childhood, and beta cell death. It is 
also known as DIDMOAD (Diabetes Insipidus, Diabetes Mellitus, Optic Atrophy, 
Deafness). Obligate carriers of the Wolfram gene WFSI have an increased frequency 
of diabetes. WFSI variants have been associated with type 1 and type 2 diabetes, but 
this may reflect population stratification. We aimed to assess the contribution of 
WFSI gene variants to the genetic heterogeneity of type 2 diabetes. 

Materials and Methods: We screened 30 patients with type 2 diabetes for variants in 
the WFSI gene by direct sequencing of genomic DNA We used family based 
association methods in 155 parent offspring trios from the Diabetes UK-Warren Trios 
Repository, each ascertained via a Europid proband with type 2 diabetes. 

Results: We selected 2 missense variants (R456H, R611H) and 3 single nucleotide 
polymorphisms (S855S, K774K, F341F), which were present in our screening panel 
with an allele frequency between 5.2-39.6%. There was no evidence for preferential 
transmission of the WFS1 variants from heterozygous parents to their type 2 diabetes 
offspring. 

Conclusions: We conclude that there is no significant association between type 2 
diabetes and these variations in the WFSI gene. WFSI is unlikely to be a major 
contributor to the genetic heterogeneity of type 2 diabetes. 
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ASSOCIATION OF A HUMAN G-PROTEIN (53 SUBUNIT 
POLYMORPHISM WITH REDUCED INSULIN 
SENSITIVITY. 

T.C. Wascher, I. Schmoelzer, B. Paulweber*, L. Malaimare*, A. 
Stadlmayr*, B. Iglseder**, W. Renner, Dept, of Internal Medicine, 
University of Graz and 1“ "Dept, of Internal Medicine and **Dept. 
of Neurology, Landeskliniken Salzburg, Austria 
Background and Aims: The C825T polymorphism (exon 10) of the 
p3 subunit of heterodimeric G-proteins (GNB3) is associated with 
hypertension and obesity. These known associations suggest a 
possible central association with insulin resistance. However, no 
such investigations are available yet. Aim of the present study was to 
investigate die possible contribution of this polymorphism to insulin 
sensitivity in a population based sample. 

Patients and Methods: 197 consecutive subjects from a population 
based, prospective atherosclerosis and metabolism survey (SAPHIR) 
(age 54.5±5.3 years, 30.5 % males) were genotyped using RFLP. 
Insulin sensitivity was measured by short insulin tolerance test 
(expressed as K Irr mg/dl/min, available for 189 subjects). 

Results: Genotypes were found in Hardy-Weinberg-equilibrium, a 
homozygous TT polymorhism was observed in 15 subjects (CC: 95; 
CT: 87). In the entire population was 4.23±1.29 mg/dl/min. No 
significant differences regarding were observed between 
genotypes. However, in subjects with a K rrl < 4, indicating reduced 
insulin sensitivity the TT genotype was observed in 10/87 subjects 
(11.5%) compared to 4/102 (3.9%) subjects with K Tr > 4. The 
respective odds ratio for reduced insulin sensitivity m TT carriers 
was 3.18 (p<0.0S) 

Conclusions: Our data, although of borderline statistical 
significance, suggest that the C825T polymorphism of the (33 subunit 
of human heterodimeric G-proteins is associated with the risk of 
reduced insulin sensitivity in the general population. 



A 96 


PS 7 

Type I Diabetes: Epidemiology 

365 

Ethnic Minority Recruitment Into the Diabetes Prevention Trial, Type I (DPT-1) 

A- Zeidler, C. Cowie, N. Vega, S. Shaw, D. Cuthbertson, C. Greenbaum, C. Ochoa, J. 
Krisher, and the DPT-1 Study Group, Los Angeles County-University of Southern 
California Medical Center, Keck School of Medicine, University of Southern 
California, USA. 

Background and Aims: The DPT-1 is a nation-wide study to prevent Type-1 
diabetes using insulin as an immunomodulator for family members of type-1 diabetic 
patients. The National Institute of Health mandates recruiting of ethnic minorities 
into clinical trials, including Hispanics, African Americans, Asians and others. 
However, recruitment is difficult because of culturally-sensitive issues and lower 
rates of type-1 diabetes in these minority populations. The aim of the study was to 
enhance participation of family members of type 1 diabetics by involving minority 
community leaders and organizations. 

Materials and Methods: Methods used to increase minority participation in the DPT- 
1 included screening of family members at family reunions, home visitations, health 
fairs at churches and schools. The objective of these community outreach efforts was 
(1) to screen for DPT-1 in minorities families with type-1 diabetes, (2) to establish 
awareness of the disease, and (3) to provide diabetes education. 

Results: Of the total screened population from 1994-2000 at the Los Angeles County- 
University of Southern California Medical Center, there was a significant increase in 
screening during the period of 1997-2000, as compared to the years 1994-1996 
(average of 1651 vs. 1060, subjects/year, p<0.01). 

Conclusions: Using culturally sensitive methods, ethnic minorities were more easily 
approachable and willing to participate in the DPT-1. Screening of subjects was 
significantly improved by community outreach activities. 
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INCIDENCE OF TYPE I DIABETES MELLITUS OVER EIGHT 
CONSECUTIVE YEARS AMONG 15-39-YEAR AGED LITHUANIAN 
POPULATION 

R. Ostrauskas, R. ZalinkeviCius, A. Norkus and the Lithuanian Epidemiology 
Diabetes Study Group*. 

Institute of Endocrinology, Kaunas University of Medicine, Kaunas, Lithuania 
Background and Aims: To document the incidence of Type 1 (insulin-dependent) 
diabetes mellitus among Lithuanian 15-39 — year - aged population from 1991 to 
1998. 

Materials and Methods: A specifically developed contact system with all 
endocrinologists/diabetologists and general practitioners involved in the diabetes 
care covering 100% of the 15-39-year - aged Lithuanian population was the initial 
data source. Annual reports from regional endocrinologist's /diabetologists, 
statistical note-marks of diabetic patients who visited Medical Units, death 
certificates and patients lists from Diabetes Societies remained as secondary 
independent sources for case ascertainment. 

Results: The total of 907 new cases (593 males and 314 females) of Type 1 
(insulin-dependent) diabetes mellitus were recorded among the 15-39-year-aged 
population during the period 1 January 1991-31 December 1998. The cumulative 
incidence density per year was 8.07/100,000 (95% Poisson distribution confidence 
interval 7.56-8.62) and was slightly higher among males (10.46/100,000, 95%CI 
9.65-11.34) than among females (5.64/100,000,95%CI 5.05-6.03), p<0.0001. Age 
standardized overall incidence rates for males and females were 10.47 and 5.65, 
respectively. Male/female ratio was 1.85. Results of the linear regression models 
showed that the incidence density of insulin-dependent diabetes mellitus in 15-39- 
year age group had the tendency to increase. 

Conclusions: The results suggest that the incidence data of Type 1 diabetes 
mellitus in Lithuania is appropriate to those in Poland and lower than in other 
countries of Baltic Sea region. The data contributes to the knowledge of the 
incidence of Type 1 diabetes mellitus in Eastern Baltic countries, an area that until 
now has been lacking epidemiological data on diabetes among 15-39 - year - aged 
population. 
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DIABETES IN CHILDREN OF SOUTH ASIAN ORIGIN IN WEST 
YORKSHIRE. AN UNUSUAL CASE MIX 

S. Gorman, D. Haigh, R.G. Feltbower, P-A. McKinney, RJ. Bodansky. General 
Infirmary’ at Leeds, St Luke's Hospital, Bradford, Paediatric Epidemiology Group, 
Leeds University. 

Background and Alms: The aim of this study was to define the type of diabetes 
present in children of South Asian origin in a Paediatric clinic in Bradford. The 
reasons for looking at this group of children is that, type I diabetes is uncommon in 
Pakistan, and that type II diabetes may be an emerging problem in this population. 

Materials and Methods: We examined the case notes of the total clinic population, 
140 children, and identified 55 children of South Asian origin. 

Results: The majority of children were bom in Bradford, but 42 of the families 
originated from Pakistan, 11 from India, 1 from Bangladesh and 1 from Saudi Arabia 
These children account for 39% of the diabetic population, compared to 26.5% of the 
primary school population, and 31.5% of the secondary school population. 

We found a wide spectrum of diabetic diseases within the Asian children compared to 
the Caucasian children in the clinic. The following clinical groups were identified. 

a) 32 children with type I diabetes had no other affected close relatives. 

b) 12 children with type I diabetes had other affected family members. 

c) 1 child presented with type II diabetes. 

d) 2 children presented with MODY type diabetes. 

e) 8 children with type I diabetes had other genetic abnormalities. 

Conclusions: 20% of the Asian diabetic children had unusual types of diabetes not 
seen in the Caucasian children. 
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ROMANIAN DIABETES EPIDEMICS PROGRAMME (“EPIDIAB*’) 
FIRST YEAR RESULTS 

N. Hancu*, I.A.Vere§iu*, G. Roman*, A. Albota, A. Babe?, D. Barbon{a, A. CSlinici, 
G. Creteanu, Gh. Ghi$e, M. Graur, M. Moja, M. Morojanu, G. Suciu, I. Szilaghy- 
* Diabetes Center & Clinic, Cluj-Napoca, Romania 

Background. The burden of diabetes, mainly type 2, affects the health care system 
through both high costs and number of professionals involved, and high incidence 
Primary objectives of EPIDIAB P: (1) epidemiological analysis of newly diagnosed 
diabetes (NDD), (2) quality of care assessment, (3) problems recording, (4) strategic 
prediction. As secondary' objective, all data will be used to develop short, medium 
and long term new strategies, in order to improve the diabetes care. Method. The 
EPIDIAB study is designed to last 5 years, beginning w ith January 2000; it includes 
12 counties covering one third of total population of Romania. Following data have 
been recorded: type of diabetes, demographic, screening and prevalence of 
complications, treatment, costs. First year results. In 2000, 15.156 persons have been 
diagnosed with diabetes: 6.4% Type I and 91.3% Type 2. The estimated incidence of 
Type 1 diabetes in our country is 14 °/oooo and for Type 2 is 200 °/oooo- Estimated total 
number of NDD in Romania in 2000 is 44.000. Screening for complications was done 
in: 74.9% for retinopathy, 60.8% for nephropathy, 71.5% for neuropathy, 70% for 
dyslipidemia. Already present complications are: hypertension (45.3%), coronary 
heart disease (32%), retinopathy (12% from those investigated), nephropathy (7.2%), 
neuropathy (24.3%), dyslipidemia (48.8 %). Therapeutic structure is: diet alone - 
26.3%, sulfonylureas - 30%, metformin 19.3 %, combined oral therapy - 13.8%, 
insulin 5.4 %. Discussion. The high prevalence of complications demands an early 
diagnosis through an active screening for diabetes. Primary health care should be 
developed and more involved and financial resources should be directed towards this 
field. Prevention should be developed in population at risk. Already diagnosed, more 
efforts should be addressed to screen for complications. Most of the patients are on 
medication, which means high cost from the beginning. Conclusion. After one year, 
EPIDIAB Programme demonstrates its utility in developing, strategies to improve the 
quality of diabetes care, at local and national levels. 
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INCIDENCE OF TYPE 1 DIABETES MELLITUS IN THE OLSZTYN 
REGION, POLAND IN PATIENTS AGED 0-29 1994-2000 

Bandurska E, Zasadowska W 

Olsztyn Centre of Diabetic and Metabolic Disorders.Poland 

Type I diabetes mellitus develops predominantly in childhood and 
adolescence. In many populations, type 1 diabetes mellitus represents a 
major health problem for patients and society because it leads to disability 
through complications and causes a risk of premature death. Currently, the 
epidemiology studies of type 1 diabetes mellitus have been conducted in 
highly industrialised urban areas. Varmia and Mazury, with the population 
of 778.000, is situated in the north - east of Poland and has a typical 
agricultural character. The First standardised register of type 1 diabetes 
mellitus for population aged 0-29 was established in the Varmia and 
Mazury region in 1993. Aim:To estimate the incidence of type 1 diabetes 
mellitus in the Vannia and Mazury Region, in the years 1994-2000. 
Subjects and methodsiSubjects and methods: A registry was established in 
1993 to collect new type 1 diabetes mellitus cases among people 0-29 years 
of and was carried out, from 1994-2000. Data were collected according to 
the Diabetes Epidemiology Research International Group 
Recommendations. Data were analysed by the capture - recapture methods. 
The completeness of case ascertainment was estimated at 99%. 
ResultsBetween 1994 and 2000, in Olsztyn Region there were registered 
234 new cases of Type 1 diabetes mellitus in the group aged 0-29 (118 
males, 116 females). In the w hole study group a significantly rising 
tendency in the incidence rate was observed (from 4.29 in 1994 to 
11,75/100.000 in 2000), with the highest incidence rate for females aged 
25-29 being 23,35/100.000 in 2000. A markedly higher incidence rate was 
observed in patients from urban areas. The greatest number of new Type 1 
diabetes mellitus cases was found in autumn and spring in age group 0-14 
and in autumn and winter in age group 15-29. Condusions.The study 
documents the high incidence rate of Type 1 diabetes mellitus among 
people aged 0-29 in Olsztyn Region, Poland. 
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THE INCIDENCE OF TYPE 1 DIABETES MELLITUS LN THE AGE GROUP 
0-14 YEARS IN THE REGION OF WIELKOPOLSKA 

E.Korman, W.Stankiewicz and P.Fichna - Department of Pediatric Endocrinology and 
Diabetes, Institute of Pediatrics, University of Medical Sciences, Poznan - Poland. 

Baeground and Aims: The aim of the study was to determine the incidence of type 1 
diabetes mellitus among children and adolescents in the region of Wielkopolska. The 
study group comprise a population of 0-14 year olds from 8 former provinces of 
western Poland. The area over which the data were collected constituted ca 50,000 
km2, i.e. 16% of total Poland ' s area. The population of children over the area was 
approximately 1,150,000 aged 0-14 years. 

Materials and Methods: The data were collected using a questionnaire. A computer 
base was created to enable the accumulation and processing of data. Epidemiological 
data included age, sex, time of the onset of diabetes, appearance and character of 
clinical symptoms and family history.The final diagnosis of the disease was made 
after hospitalization.Three . sources of data were collected. The incidence was 
expressed using the incidence coefficient, i.e. the number of newly detected cases of 
type 1 diabetes per annum per 100,000 children preselected age, separately for boys 
and girls, with respect to age: (0-4), (5-9), (10-14) years. 

Results: The study made during 1998-2000. Over that period 292 cases of newly 
diagnosed type 1 diabetes were detected. There was no direct link between sex and 
the incidence of type 1 diabetes. The study group comprised 137(46%) boys and 
155(53%) girls. The smallest number of cases was found in the (0-4)yr. 
group:53(18.2%) The number of cases in the other groups was comparable: (5-9yr) - 
116(39.7%); (10-14yi) - 123(42.1%) respectively. The incidence of insulin dependent 
diabetes mellitus over the period under study was 8 6/100,000/yr. The lowest number 
of new cases was in children aged 0-4 years (5.7 per 100,000), the highest i.e.., almost 
twice as many in children 5-9 years of age ( 10.2 per 100,000). A slightly higher 
incidence was found in girls than in boys: 9.3 vs. 7.8. Children from urban areas were 
more susceptible than those from rural areas ( urban-15.2 ; rural-8.2 ). Peaks of 
incidence were observed during autumn and winter seasons. 

Conclusions: In 1998-2000 no significant increase in the incidence of type 1 diabetes 
was observed in the region of Wielkopolska. However, there were significant 
differences in the incidence rates in the relation to the particular age groups. The 
annual and regional incidence differences may by caused by environmental factors. 
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As the overall ri& of Type 1 diabetes in children increases age at diagnosis 
decreases, 

R.C. Parslow, P. A. McKinney, R.G. Feltbower, H.J. Bodansky 

Paediatric Epidemiology Group, University of Leeds; General Infirmary at Leeds. 

Background and Aims: The rising incidence of Type 1 diabetes in childhood is well 
documented. In particular, a steep rise in children under 5 years of age has been 
observed in some populations but not in Yorkshire. Set against this background of 
rising risk we investigated whether the overall age at diagnosis has decreased over the 
last 2 decades. 

Materials and Methods: The population-based Yorkshire Children's Diabetes 
register recorded 2363 children (0-14 years) diagnosed with Type 1 diabetes between 
1978 and 1998. Subjects are ascertained from independent sources and the register is 
99% complete. Age-specific incidence rates were calculated for single year age- 
groups and linear regression was used to model change in cumulative risk and age at 
onset over time. 

Results: The cumulative risk of a child developing Type 1 diabetes in this population 
significantly increased from 1 in 564 in 1978 to 1 in 334 in 1998 (linear regression 
coefficient -11.54, p<0.001). Mean age at onset significantly reduced from a fitted 
mean of 9.2 years in 1978 to 8.6 years in 1998 (coefficient -0.029;p<0.001). during 
the same period, mean age at onset significantly decreased from 9.3 to 8.8 years in 
boys (-0.025;p<0.001) and from 9.1 to 8.4 years in girls (-0.032;p<0.001). 

Conclusions: Without imposing arbitrary age groupings or calendar period on the data 
we have shown that over 21 years in a population w here incidence is rising at all ages, 
the mean age at onset has significantly decreased. 
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Gender and Type 1 Diabetes in New Zealand Children and Adolescents 
JA Willis, RS Scott, BA Darlow, JW Nesbit, P Anderson, MP Moore, H Lunt, D 
Cole. Lipid and Diabetes Research Group, Department of Paediatrics and Diabetes 
Services, Christchurch Hospital, Christchurch, New Zealand 
Background and Aims: Canterbury is ranked internationally in the highest 10% of 
the incidence distribution for risk of childhood diabetes. In type 1 diabetes there is 
evidence for an excess of male presentations, a departure from the strong female sex 
bias in most autoimmune diseases. In addition, transmission of type 1 diabetes to 
offspring occurs more frequently from fathers than mothers. This study investigates 
these findings in a graphically defined thirty-year cohort of type 1 diabetes cases. 
Materials and Methods: Ascertainment of type 1 diabetes in Canterbury individuals 
aged less than 20 years at diagnosis is complete for the years 1970-1999. Prior to 
1982 incident cases were ascertained retrospectively from hospital records. 
Prospective ascertainment of all type 1 diabetes cases commenced in this region in 
1982. Primary ascertainment of incidence cases was through notification from the 
attending diabetes physician or paediatrician. All new cases of type I diabetes were 
either admitted to the regional hospital or attended acute intervention outpatient 
clinics at the same institution. 

Results: The total number of incident cases for the years 1970-1999 was 474 (256 
males, 218 females). Incidence ranged from 2.40 cases/100 000 person years in 1970, 
to 26.59 cases/100 000 person years in 1998. The increase in incidence based on 
linear regression of these data is 0.59 cases/100 000 per year or an annual increase of 
5% derived from regression of the natural logarithms of the incidence data. Between 
1970-1999, the ratio of male to female cases w as very similar before puberty. A male 
excess exists in cases presenting between 13 and 19 years of age. Examining the 
years 1990-1999 (n=210 cases), a male excess is observed from as early as 5 years of 
age, and becomes more marked with increasing age. A family history of type 1 
diabetes was reported for 18 cases. Including 12 individuals who had a parent with 
type 1 diabetes. Since 1990, blood samples have been taken at diagnosis for 
determination of antibodies against islet antigens and for characterisation of HLA-DQ 
alleles. Alleles of the HLA-DQ locus conferring protection against type 1 diabetes 
were more prevalent in females than in males in our cohort, but there was no evidence 
for a gender effect on the development of autoimmunity. 

Conclusions: The relationship between gender and susceptibility to type 1 diabetes is 
complex, but these results encourage speculation on the underlying mechanisms. 
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FIVE-YEAR INCIDENCE REGISTRATION OF TYPE 1 DIABETES IN 
CHILDHOOD IN NORTH RHLNE-WESTPHALIA, GERMANY 

J, Rosenbauer, A. Icks and G. Giani Department of Biometrics and Epidemiology; 
German Diabetes Research Institute at Heinrich-Heine-University Dussddorf, 
Germany. 

Background and Alms: Incidence estimates of Type 1 diabetes are subject to 
considerable random variation when based on small risk populations. Thus analysis of 
time trends is complicated The aim of the present study was to estimate incidence rates 
and time trends of Type 1 diabetes in children 0-14 years of age during 1996-2000 based 
on the large risk population of North Rhine-Westphalia, the federal state of Germany with 
the largest population. The average risk population amounted to 2.93 millions children, 
corresponding to about one fourth of all children in this age group in Germany. 

Materials and Methods: Newly diagnosed cases were prospectively registered by an 
active surveillance system (ESPED: Erhebungseinheit fbr seltene p&diatrische 
Erkankungen in Deutschland) monthly contacting all pediatric and diabetes-specialized 
internal departments in the study region. A yearly retrospective inquiry among pediatric, 
internal, and general medical practices was used as secondary data source. Completeness 
of ascertainment was estimated by the capture-recapture-method. Point and interval 
estimates (95%-CI) of incidence rates (per 100,000 person-years) were based on Poisson 
distribution. Time trends were assessed by Poisson regression analysis. 

Results: A total of 2,251 newly diagnosed diabetic children aged 0-14 years (1153 boys, 
1098 girls) were registered during 1996-2000. Completeness of ascertainment was 
estimated as 89.2% (95%-CI: 87.5-91.1). The overall incidence rate was 15.3 (14.7-16.0). 
There was no difference in incidence between boys and girls (p=0.972). The incidence 
increased significantly with age (p<0.01), the estimates for the age groups 0-4, 5-9, and 
10-14 were 10.2 (9.3-11.1), 16.5 (15.4-17.6), and 19.2 (18.0-20.4), respectively. The 
annual incidence rates ranged between 13.9 (in 1997) and 17.7 (in 2000). Cher the five- 
year period, a significant annual incidence increase of 6.5% (3.4-9.7) was estimated. 
Conclusions: To our knowledge, the present incidence registry is the largest one in 
Europe. The incidence rate of Type 1 diabetes in North Rhine-Westphalia is close to rates 
in the UK and Denmark. The striking incidence increase ranges high compared with trends 
in other European regions. If the incidence trend will continue. Type 1 diabetes would 
become one of the most common chronic diseases in childhood in Germany. That would 
have important implications on public health aspects of childhood diabetes care. 
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VITAMIN D RECEPTOR mRNA AND VDR PROTEIN LEVELS IN 
RELATION TO VTTAMLN D STATUS AND TO VDR GENOTYPE 
G.A. Hitman, B.W. Ogunkolade, *J.M Prahl, S. Bustin, J. Burrin, K. Noonan, B.V. 
North, N. Mannan, M.F. McDermott, H.F. *DeLuca and B.J. Boucher. St. 
Bartholomew’s and The Royal London School of Medicine and Dentistry, London, 
U.K. and 'University of Wisconsin-Madison, U.S.A. 

Background and aims; We, and others, have demonstrated associations between the 
polymorphism of the vitamin D receptor (VDR) gene and Type 1 diabetes. 
Furthermore, associations have also been found with insulin secretion and 
components of the insulin resistance syndrome. However, the VDR polymorphisms 
have no known functional significance and therefore could either implicate the VDR 
gene or a closely linked locus. We have investigated whether VDR polymorphisms 
mark differences in VDR mRNA or protein levels. 

Materials and Methods; PBMCs were isolated from 41 Bangladeshi subjects, typed 
for VDR FokI, BsmI, Apal and TaqI polymorphisms, and used for mRNA and VDR 
protein studies. Total VDR mRNA was quantitated using a TaqMan and VDR protein 
by an immunoassay. Stepwise multiple regression models [tp p<0.05] were used for 
statistical analysis. 

Results; For VDR mRNA the ‘best-fit’ model (p = 0.004) showed FokI [p = 0.044] 
and TaqI [p = 0.04] genotypes and insulin secretion index [p = 0.042] to be 
determinants. For VDR protein levels the ‘best-fit’ model (p = 0.006) showed TaqI 
genotype [p = 0.005] and current serum dihydroxyD levels [p = 0.03] to be 
determinants. The TaqI tt genotype was associated with the lowest VDR mRNA and 
protein levels. VDR mRNA copy number did not appear as a main determinant of 
VDR protein concentration (p value was 0.06). 

Conclusions; these studies demonstrate that VDR polymorphism is a determinant of 
the amount of VDR mRNA and protein expressed and therefore give biological 
credibility to the previously described associations with the VDR gene. 


374 

THE INCIDENCE OF INSULIN-DEPENDENT DIABETES HAS NOT 
LNCREASED IN THE 0-34 YEARS GROUP IN SWEDEN 1983-1998 
A. Pundziute-LyckS, G. Dahlquist and L. Nystrom for the Swedish Childhood 
Diabetes Study and Diabetes Incidence Study in Sweden groups. Departments of 
Clinical Sciences, Paediatrics and Public Health and Clinical Medicine, 
Epidemiology, UmeS University, Umei, Sweden. 

Background and aims: The incidence of childhood diabetes has increased in 
Sweden, and in many other countries. I lowever, little is known about the time trend in 
a broader age span. We analysed the changes of insulin-dependent diabetes incidence 
in the 0-34 years group in Sweden 1983 to 1998. 

Materials and Methods: The incidence and cumulative incidence rate per 100,000 
and Poisson regression analysis of age-period effects was performed in a large data 
set of 11,751 cases, obtained from two Swedish nation-wide prospective diabetes 
registers. 

Results: The incidence was 21.4 in 0-34 years old men and 17.1 in women. In the 
pre-pubertal boys (1-14 years) and girls (1-12 years) incidence increased over time, 
but it tended to decrease in the older age groups, especially in men. Average 
cumulative incidence rate at 35 years age was 748 in men and 598 in women. The 
cumulative rate in men was rather stable during four 4-year periods (736; 732; 761; 
756), while in women it varied more (592; 542; 617; 631). In Poisson regression 
analysis the incidence in 0-34 years old men did not vary between the 4-year periods 
(p=0.63), but time changes among the 3-year age groups differed (p<0.001). In 
females the incidence between the periods varied (p<0.001), being significantly lower 
in 1987-90 compared to 1983-86, but time changes in the age groups did not differ 
(p=O.08). For both sexes median age at onset in 1995-98 was lower than in 1983-86 
(p<0.001) (15.0 and 12.5 years in males; 11.9 and 10.4 in females, respectively). 
Conclusions: During a 16-year period the incidence of insulin-dependent diabetes did 
not increase in the 0-34 years age group in Sweden, while median age at onset 
decreased. A shift to younger age at onset seems to explain the increase of the disease 
seen in childhood. 
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SUPPLEMENTATION OF VITAMIN D IN EARLY CHILDHOOD COULD 
PROTECT AGAINST TYPE I DIABETES MELLITUS 

V.V. Popova, T.N.Malinovskaya, and B.N.Mankovsky Institute of Endocrinology and 
Metabolism, Kiev, Ukraine 

Background and Aims: Exposure to some environmental factors in early childhood 
may predispose or protect against insulin-dependent diabetes mellitus in later life. 
Supplementation of vitamin D in the early childhood may play some protective role 
against the development of insulin-dependent diabetes. Therefore, the aim of our 
study was to investigate the presence of association between intake of vitamin D 
during the early childhood and the development of type 1 diabetes later. 

Materials and Methods: We studied 150 patients with type 1 diabetes mellitus with 
the onset of the disease at the age younger than 15 years old and 50 age-matched 
randomly selected control subjects. The enrolled subjects were asked to fill out the 
proposed questionnaire which included information regarding the vitamin D 
supplementation in the early childhood, its duration, type of nutrition during the first 
year of the life, perinatal events, vaccinations provided and characteristics of early 
growth. The statistical analysis was performed using Mantel-Haenszel method and 
logistic regression analysis. 

Results: Supplementation of vitamin D in early chidhood provided some protection 
against development of type 1 diabetes mellitus in children with odds ratio (OR) 0.69 
(Cl 0.57-0.87) compared to those children which did not have vitamin D 
supplementation. OR for protective effect of vitamin D was 0.83 (CI-0.57-1.47) for 
children younger than 5 years old, 0.81 (CI-0.57-1.27) for those 5-9 years old and 
0.49 (CI-0.37-0.69) for subjects aged 10-14 years old. There was no any significant 
influence of shortness of breast feeding (less than 3 months), maternal age over 35 
years old, low birth weight (less than 2500 g) on the preventive efficacy of vitamin D. 
Children receiving vitamin D for less or longer than 1 year exhibited the similar risk 
reduction (OR - 0.67 and 0.61, respectively). 

Conclusions: Vitamin D given in the early childhood may protect against the 
development of insulin-dependent diabetes mellitus during the later periods of life. 
The preventive significance and possible mechanisms of revealed association require 
further studies. 
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CYCLO-OXYGENASE EXPRESSION IN IDENTICAL TWINS 
DISCORDANT FOR TYPE 1 DIABETES 

H. Beyan,R. Goodier, N Sirwan-Muhamad, MI Hawa, L Buckley, P Sawtell, S 
Dustin, N YousaC M- Londei, RDG LesIie.Department of Diabetes, St Bartholomew’s 
Hospital, UK, Kennedy Institute of Rheumatology.UK. 

Background and Aims:CycIo-oxygenase-2 (COX-2) is responsible for the synthesis 
of prostaglandin in mammalian cells. A recent report suggests an aberrant monocyte 
COX-2 expression in type 1 diabetes, and those at risk of the disease. Aberrant 
monocyte COX-2 expression may result in antigen presenting cell dysfunction, 
thereby predisposing these individuals to diabetes. To define the nature of monocyte 
COX-2 expression in type 1 diabetes and to determine whether increased monocyte 
COX-2 expression could be inherited, we are studying a large cohort of identical 
twins discordant for type 1 diabetes. 

Materials and Methods: Using human peripheral blood mononuclear cells (PBMCs) 
we isolated CD 14+ monocytes and tested for COX-2 messenger RNA using 
quantitative RT-PCR, intracellular COX-2 protein expression by FACS and on 
western blot (WB), as well as functional studies employing cytokine and 
prostaglandin secretion, pre and post Iipopolysaccharide (LPS) stimulation with and 
without COX-2 inhibitors. 

Results: Normal healthy controls do have detectable COX-2 mRNA but protein 
expression was below detectable levels on FACS and on WB. In contrast, twins with 
type 1 diabetes have COX-2 protein expression on both FACS and WB. Non-diabetic 
twins, at low disease risk with normal glucose tolerance and without diabetes- 
associated autoantibodies showed COX-2 expression in unstimulated cells 
intracellularly on FACS compared to normal controls (p<0.004). Monocyte response 
to LPS is abnormal in type 1 diabetes, the maximum response was greater in controls 
than in diabetics (WB and FACS, p< 0.003 and p< 0.03) but also higher in cells from 
non-diabetic twins than from their diabetic twins (WB, p< 0.02). 

Conclusions: Our study confirms that basal COX-2 expression is abnormal in type 1 
diabetes. Monocytes in type 1 diabetes are activated and this activation is not entirely 
due to diabetes but associated with genetic susceptibility to disease. Whilst activated 
monocytes could predispose an individual to type 1 diabetes, our results show that 
such activation is not predictive of the disease. 


379 

FUSIDIC ACID REDUCES INCIDENCE OF DIABETES IN BB RATS. 

A. Kaas, I. Hageman and K. Bus chard. Bartholin Instituttet, Copenhagen, Denmark. 

Aim: Fusidic acid and its sodium salt (fusidin) are anti-staphylococcal drugs which 
possesses immunomodulatory properties. The aim was to investigate whether high 
concentrations of fusidin could lower the diabetes incidence in BB rats, and to 
measure the activity of fusidin in various organs. 

Methods: Three groups of BB rats were used: 63 rats received fusidin dissolved in 
drinking water; 65 rats received chow containing fusidin; and 32 rats served as 
controls. The animals were placed randomly in the groups after weaning at 3 weeks of 
age, and were sacrificed at diagnosis of diabetes or at 200 days. The content of fusidin 
in the organs were examined microbiologically. 

Results: The incidence of diabetes was 50.8% (p=0.01) for animals receiving fusidin 
in the drinking water, and 56.9% (p=0.01) for fusidin chow treated rats, compared to 
68.1% for the control group. The incidence was lower for male than female rats in 
both experimental groups while no gender difference was seen in the control group. 
The daily intake of fusidin in the chow group was 339 mg/day for male and 245 
mg/day for female rats. The corresponding values in the fusidin drinking water group 
were 200 and 163 mg'day, respectively. However, the female rats had a substantially 
higher content of fusidin in their organs than the males regardless of the 
administration way and regardless of diabetes outbreak or not; thus, the amount of 
fusidin in pancreas for the non-diabetic animals receiving fusidin chow was 10.7±3.1 
vs 1.7±0.3 pg fusidin/g wet weight for female respective male rats. The weights of the 
non-diabetic animals in the three groups were similar. Interestingly, the fusidin treated 
non-diabetic rats displayed a lower random blood glucose level than the controls 
(7.3±0.2 vs 8.6±0.4 mmol/1, p=0.002). 

Conclusions: Fusidin is well absorbed after oral administration and it reduces 
significantly the diabetes incidence in BB rats. Fusidin accumulates substantially 
more in female rats, which may be due to the steroid structure of fusidin. Treatment 
with fusidin lowers random blood glucose in non-diabetic BB rats. 


378 

INCREASED MONOCYTE CYCLOXYGENASE-2 EXPRESSION IN 
FEMALE NON OBESE DIABETIC MICE 

L.R.Buckley,P.E. Beales, MI. Hawa, IL Beyan, G. Rosignoli, N. Yousa£ P. Pozzilli 
and R.D.G. LesIie.Department of Diabetes and Metabolism, St Bartholomew’s 
Hospital, Londoa 

Background and Aims: Non-obese diabetic (NOD) mice are a spontaneous model of 
type 1 diabetes mellitus. Diabetes incidence in our colony is 55% in females, but only 
15% in males, at 30 weeks of age. Cycloxygenase (COX), a key enzyme in prostanoid 
metabolism, is expressed in two iso forms, constitutive (COX-1) responsible for 
physiological processes and inducible (COX-2) responsible for inflammatory 
prostanoid synthesis. Aberrant COX-2 expression is present in man and may result in 
an antigen presenting cell dysfunction, thereby predisposing to diabetes. The aim of 
this study was to determine expression of COX-2 in NOD mice and its relationship 
with diabetes incidence. 

Materials and Methods: CDllb+ monocytes were isolated from splenocytes of 
diabetic female, non-diabetic female and male NOD mice (range 4-25 weeks of age), 
as well as control strains and examined for COX-1 and COX-2 messenger RNA using 
conventional RT-PCR. We also tested for protein expression using Western blotting 
and carried out functional studies for cytokine and prostanoid secretion. All tests were 
carried out before and after Iipopolysaccharide (LPS) stimulation. 

Results: Basal COX-2 message expression in non-diabetic female mice was greater 
than males (50 vs. 0%, p<0.025), but there was no difference between diabetic and 
non-diabetic female NOD mice (60 vs. 50%, p<0.3). There was no difference in 
COX-1 expression between the groups. Western blot confirmed detectable levels of 
COX in diabetic and non-diabetic female NOD mice. 

Conclusions: The expression of COX-2 in 50% of non-diabetic female mice but not 
in males corresponds well with the NOD/Ba colony incidence of diabetes and 
suggests COX-2 may be associated with the development of diabetes in this model. 
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EFFECTS OF SODIUM VANADATE IN PREDIABETIC BB-DP RATS 
D. Cheta, G. Orasanu, D. Iordachescu, T. Nicolae, S. Buligescu, R. Negru, C. 
Constantin and M Andronescu, “N. Paulescu” Institute, Bucharest, Romania 
Background and Aims: This study evaluated the effects of sodium vanadate on 
diabetogenesis process in BB-DP rats. Materials and Methods: We used 96 BB- 
DP rats of prediabetogenic age (40-50days), divided into 4 equal groups (sex, age, 
weight). Groups VI, V2, V3 were treated with different doses of sodium vanadate 
(0.!, 0.2 and 0.3 mg/ml respectively) and sodium chloride (0.5 mg/ml) in drinking 
water for 7 days. Group C, the untreated control, received only sodium chloride 
(0.5 mg/ml) in drinking water for 7 days. The animals w ere allowed to drink the 
solution ad libitum. Blood glucose (BG), glycosuria, ketonuria and body weight 
(BW) were determined before starting, daily in week 1, and once a week for 12 
weeks. Results: The incidence of diabetes was lower in the rats treated with 
vanadate (VI: 50%; V2:45.8%; V3:45.8%) than in the rats from the control group 
(C: 54.2%), but this difference was not statistically significant, p>0.05. The 
diabetes onset age was significantly higher for groups VI (84.82±16.8 days), V2 
(102.8±33.5 days), V3 (I05.5±16.1 days) as against the control group C (73.9±I0.5 
days), p<0.05 (V2, V3 vs C), and depended on the vanadate concentration, 
p=0.006 (V3 vs VI). The BG levels in groups V decreased slowly in week 1 (VI 
from 95.7±2.5mg/dl to 63±ll,lmg/dl, p=0.007; V2 from 100.3±2.51mg/di to 
73±6.5mg/dl, p=0.0025; V3 from 98±2.8mg/dl to 73±5.6mg/dl, p=0.03) and 
increased slightly during in week 2. Before the diabetes onset (2 wedcs), the rats in 
group C lost in BW from 239.5±55.8g to 208.5±34.6 g while the rats in groups V 
presented a slight increase in BW from 309.4±23.6g to 344±16.8g, p<0,05 (C vs VI, V2, 
V3). In diabetic rats, the BG at the onset was higher in group C (383.2±48.2mg/dl) 
than groups V (VI: 276.8±103.4mg/dl; V2:286.2±107.1mg/dl), p<0.05 (VI, V2vs 
C). Conclusions: 1) Sodium vanadate does not prevent the onset of diabetes 
mellitus in BB-DP rats, but it can delay its development 2) Vanadate can 
determine the occurrence of a milder diabetes mellitus. 3) The effects depend on 
the sodium vanadate concentration and 0.2 mg/ml is preferable. 
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TRI-IODO-THYRONINE (T3) reduces the incidence of diabetes 
AND INCREASES THE RELATIVE BETA-CELL MASS IN RATS. 

M-L Hanoft-Nielsen 1 ", A Kaas 1 , T Bock 1 , M Skau 1 , AK Rasmussen 2 , U Feldt- 
Rasmussen 2 and K Buschard*. ’Bartholin Instimttet and : Dept. of Endocrinology, 
Rigshospitalet, Copenhagen, Denmark. 

Background and Aim: It has been described that thyroid hormones arc able to 
modulate the immune system, influence insulin secretion, and cause decreased 
glucose tolerance. The aim of this study was to investigate the influence of thyroid 
hormones on the incidence of diabetes in BB rats and on the beta-cell mass in Wistar 
rats. 

Materials and Methods: During adolescence T3 was given in the drinking water to 
36 BB rats from the age of 3 to 9 weeks and 43 BB rats at the age of 5 to 9 weeks 
(0.3 mg/L in the fust 2 weeks and thereafter 0.2 mg/L). Control BB rats (n=32) 
received pure drinking water. The rats were sacrificed at the age of 120 days. 

Since T3 was given during an important growth period, we also investigated whether 
this treatment changed the beta-cell mass. For this purpose, the treatment with T3 
w^as given to 9 male Wistar rats at the age of 5 to 9 weeks. 11 male Wistar rats 
served as control group. After sacrifice at the age of 9 weeks the beta-cell mass was 
evaluated in accordance with unbiased stercological principles. 

Results: T3 given to BB rats from the age of 3 to 9 weeks decreased the incidence 
of diabetes to 30.6% compared to 56.3% in the control group (p=0.03). T3 given to 
BB rats from 5 to 9 weeks of age also decreased the incidence of diabetes to 23.2% 
compared to 56.3% in the control group (p=0.007). 

The beta-cell mass to body weight ratio in Wistar rats increased in the T3 treated rats 
(Mean±SEM) 2.2xl0' 5 ±0.lxl0^ compared to 1.8xl0‘ 5 ±0.2xl0' s in the control group 
(p<0.03). 

Conclusion: T3 treatment of BB rats during the adolescence decreases the incidence 
of diabetes and increases the beta-cell mass per gram body weight. The preventive 
effect of T3 could be due either to modulation of the immune system, to decreased 
insulin secretion, or to the induction of a relatively higher beta-cell mass. 
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DIABETES-PROMOTING DIETARY PROTEINS CHANCE PROTEIN 
EXPRESSION IN RAT INTESTINAL EPITHELIAL CELLS 
KJM.BurghardtI,2, J.KeIly3, T.L.Tremblay3, P.ThibauIt2,3 and F.W. Scott 1,2,4. 

1 Ottawa Health Research Institute, Ottawa, Canada, 2University of Ottawa, Ottawa, 
Canada, 3National Research Council of Canada, Ottawa, Canada, 4Nutrition Research 
Division, Health Canada, Ottawa, Canada. (Supported by JDF/CIHR/Diabetic Children’s 
Foundation/O RDCF/Health Canada) 

Background and Aims: Oral exposure to soy and wheat gluten (WG) proteins is 
associated with increased frequency of type 1 diabetes in both animal models of 
spontaneous autoimmune diabetes, BioBreeding rats and non-obese diabetic mice. 
Because ingested peptides cross the intestinal epithelium before reaching the gut 
associated lymphoid tissue, we investigated protein expression of rat intestinal epithelial 
cells (IEC-6) cultured with proteins or peptides of increasing diabetogenic potential: 
chymotiypsin digested WG > soy protein isolate > hydrolyzed casein (HC). Materials 
and Methods: IEC-6 cells were incubated with 50 micrograms of protein and the cell 
lysates were analysed using 2-dimensional electrophoresis. Spot patterns were compared 
to distinguish the presence or absence of proteins with respect to untreated cells. Proteins 
of interest were separated by capillary liquid chromatography, sequenced using mass 
spectrometry and identified by comparison with published protein sequences. Results: 
There was a major reduction in protein expression after stimulation with diabetes- 
promoting proteins (WG and soy), similar to the response seen in the small intestine of 
celiac patients challenged with WG. Heat shock protein 40 and certain enzymes were 
absent or downregulated in cells cultured with WG or soy. However, Annexin II was 
expressed in cells cultured with WG and soy but not HC or untreated cells. Protein 
expression was enhanced in the presence of HC. By contrast with WG and soy treatments, 
cells exposed to HC expressed antioxidant enzymes such as thiol-specific antioxidant 
protein 2 and thioredoxin peroxidase, as well as Annexin V and galactokinase. 
Conclusions: IEC-6 cells show a gradation in protein expression that is related to the 
diabetogenic potential of the protein source. Our findings suggest that exposure to HC, a 
diabetes retardant diet, induced an antioxidant response. Conversely, the response induced 
by diabetes-promoting WG and soy proteins is suggestive of gut damage. The 
pathogenesis of diet-induced type 1 diabetes may be related in part to a differential 
response of the gut epithelium to diabetes-promoting proteins. Proteomic analysis of IEC- 
6 cells is a useful tool to evaluate the interaction between these dietary agents and the gut 
epithelium. 
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ADMISTRATION OF VITAMIN D3 DURING PREGNANCY AND EARLY 
LIFE DID NOT REDUCE DIABETES INCIDENCE IN NOD/Ba MICE. 

P.E. Beales, G. Rosignoli, L.R. Buckley and P; Pozalli. Department of Diabetes & 
Metabolism, St. Bartholomew’s Hospital, London, UK and Universita'; Campus 
Biomedico, Rome, Italy. 

Background and Aims: Recent literature describes a correlation between 
autoimmune disease and metabolism of vitamin D3. Some studies have suggested a 
lowering of diabetes incidence in at risk groups if vitamin D is given during 
pregnancy or in the early stages of life. This experiment used non-obese diabetic mice 
(NOD) to determine if diabetes incidence could be lowered in this model by vitamin 
D3 administration in utero & early stages of life. 

Materials and Methods: Twelve breeding pairs of NOD/Ba mice were treated with 
olive oil containing vitamin D3 (1000 iU/Tcg body weight) during pregnancy and for 
Fifteen days following partuition to cover the period of maternal feeding. The pups 
were then given olive oil with vitamin D3 at the same dose until 10 weeks of age. 
After a ’wash-out* period of 15 days the same breeding pairs were allowed to produce 
a second litter but this time the parents & pups were dosed with a control liquid in 
order to produce a control group. Female mice were follow’ed (29 treated and 33 
control) and from 10 weeks of age onward were tested weekly for diabetes by testing 
for urinary glucose. Body-weights and food & water intake, were also taken weekly 
until the conclusion of the study at 30 weeks of age. Mice developing diabetes were 
removed from the study. At culling blood glucose was measured to confirm 
diabetic/non-diabetic status and internal organs removed and frozen for later analysis. 
Results: There were 12/29 diabetic mice in the group treated with olive oil/vitamin 
D3 and 15/33 diabetics in the control group (p=0.899, log rank, not significant). There 
was also no delay in diabetes onset between the two groups. There was no difference 
betw een the two groups for any of the other measured parameters. 

Conclusions: Vitamin D3 administered in utero and in the early stages of life did not 
alter the incidence of diabetes in NOD/Ba mice. 
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PREDICTIVE VALUE OF AUTO ANTIBODIES TO IA-2 FOR INSULIN 
REQUIREMENT IN JAPANESE TYPE 1 DIABETES 
T Ota.T Takamura,YNagail, Y Bando2, R Usuda3, and K Kobayashil, 

IFirst Department of Internal Medicine, School of Medicine, Kanazawa University, 
Kanazawa, 2Department of Internal Medicine, Fukui-ken Saiseikai Hospital, Fukui, 
3Department of Internal Medicine, Toyama Prefectural Central Hospital, Toyama, 
Japan 

Background and Aims: Type 1 diabetes is evidently a heterogeneous disorder, and is 
often of slow onset known as latent autoimmune diabetes in adults (LADA). 
Autoantibodies to glutamic acid decarboxylase (G.ADA) are detected frequently in 
LADA and predict insulin dependency among diabetes. The aim of the study was to 
clarify the presence of newly developed antibodies to the protein tyrosine phosphatase 
IA-2 (IA-2A) and compare its clinical usefulness with GADA in Japanese type 1 
diabetes. Materials and Methods: Sera from 61 Japanese patients with type 1 
diabetes (45 acute onset type 1 diabetes, 16 LADA patients) attending to our hospitals 
(25M/36F; mean age 40.6±13.3yrs; duration 12.6±9.8yrs) were studied. Diagnosis of 
type I diabetes was determined clinically and confirmed by basal serum C-peptide 
(<0.5 ng/ml) or urine C-peptide excretion rate (<20 pg/day). Autoantibodies were 
measured by radioimmunoassay kit using recombinant human GAD65 (Cosmic, 
Tokyo, Japan) and 1CA512 (RSR Ltd, Cardiff, UK). Results: Overall, GADA and 
IA-2A were detected in 34 (56%) and 24 (39%) of type 1 diabetes respectively. 
Forty-one (67%) type 1 diabetic patients had any of the antibodies, therefore, the 
frequency of either GADA or IA-2A in these subjects were higher than that of GADA 
or IA-2 A alone (p<0.001). Seventeen (27.9%) were positive for both autoantibodies. 
Of 16 LADA patients, GADA and IA-2A were detected in 12 (75%) and 8 (50%) 
respectively, whereas no statistical differences were found. The titer of LA-2A in 
GADA-positive patients were higher than in GADA-negative patients (1.57±2.46 vs 
0.49±1.25 U/ml, p<0.05), and that of GADA in IA-2A positive patients were higher 
than in IA-2A negative patients (66.3±75.0 vs 17.7±37.0 U/ml, p<0.02). The higher 
were titers of IA-2 A, the higher dose of insulin were required. The patients with IA- 
2A more than 4.0 U/ml in titer, corresponding to 20% of type 1 diabetic patients, 
required insulin doses over 20 units per day for treatment. Conclusions: IA-2A had 
more predictive value for insulin dependency in type 1 diabetes than GADA. IA-2A, 
alone or in combination with GADA may provide a useful diagnostic value for 
diagnosis and prognosis of patients with type 1 diabetes. 
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AUTOIMMUNE INSULITIS IN FIRST-DEGREE RELATIVES OF DIABETIC 
PATIENTS IN THE CZECH REPUBLIC 

J. Vavrinec, O. Cinek, Z. Sumnik, S. Kolouskova and M. Snajderova, 2nd Dept, of 
Paediatrics, 2nd Medical School, Charles University, Prague 5, Czech Republic. 

Background and Aims: Diagnosis of autoimmune insulitis by genetic risk analysis, 
autoantibodies evaluation and functional test of stimulated insulin secretion 
performance in first-degree relatives of diabetic patients. 

Materials and Methods: 208 Czech children and adolescents (101 boys and 107 
girls, 186 siblings, 22 offspring of diabetic parents, aged 1-22 years, mean age 11.5 ± 
5.4 years) were enrolled in the study. Complete DQB1, DQA1 typing and DRB1*04 
subtyping were performed by the PCR in 202 subjects. Sera of all children were 
investigated for anti-GAD65, anti-IA2 and insulin autoantibodies (IAA) using RIA 
methods. The cut-off normal levels were determined as the 99th percentile of 105 
non-diabetic children. IVGTT (ICARUS modification) was performed in children 
with significant titre of one or more autoantibodies. Total level of stimulated insulin 
secretion < 48 mU/ml was assessed as defect of FPIR. 

Results: Risk genotype DQA1*05-DQB1*0201/DQA1*03-DQB 1*0302 (OR=100, 
Cl 95% 13-730 for Czech children) was found in 24 of 202 first-degree relatives 
(12%). 22 children (11%) carried strong protective allele DQB1*0602 (OR=0.03, Cl 
95% 0.01-0.12). Autoantibodies positivity was recognised in 9 of 208 children (2.9%) 
and IVGTT was performed. Positivity of anti-GAD65, anti-IA2 or IAA was identified 
in 5 of 24 children with the highest risk genotype (21%) and in 4 children of 113 with 
lower risk or neutral genotypes (3.5%). Borderiine positivity of one autoantibody was 
found in 1 boy with the highest risk genotype and in 2 children with lower risk 
genotypes. Only temporary anti-GAD65 positivity was found in girl with protective 
genotype. Type 1 diabetes mellitus was diagnosed in boy during IVGTT and disease 
manifested 6 months after IVGTT in girl with defect of FPIR. 

Conclusions: Standardised methods for secondary prevention of Type 1 diabetes were 
introduced in first-degree relatives of diabetic patients. These methods are used for 
Czech registry of diabetic children. 
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ALSO INDIVIDUALS OF A NORMAL POPULATION WITH MULTIPLE OR 
HIGH TITER SINGLE AUTO ANTIBODIES TO BETA-CELL ANTIGENS 
REVEAL AN INCREASED GENETIC TYPE I DIABETES SUSCEPTIBILITY 
M. Ziegler 1 '* M. Schlosser 1 , M. Strebclow 1 , I. Rjasanowski 2 , B. Ziegler 1 and R. 
Wassmuth 4 , ’institute of Pathophysiology Karlsburg, University of Greifswald, 
2 Institute of Diabetes and 3 Center of Diabetes & Metabolic Disorders, Karlsburg, 
4 Instirute for Clinical Immunology, University of Eriangen-Numberg; Germany 
Background and Aim : Type 1 diabetes is caused by specific destruction of beta- 
cells, accompanied by autoantibodies (AAbs) to beta-cell antigens. The aim is to 
improve the strategy to recognise individuals of a general population at risk 
progressing to diabetes. Materials and Methods : 12,558 schoolchildren were 
initially tested for AAbs to GAD (GADA), protein tyrosine phosphatase (IA-2A) 
and insulin (IAA) by radioassays, and AAbs binding on panreatic sections (ICA) by 
immunofluorescence. 203 children, representing 6,155 (3,OS6f73,069m) of a healthy 
cliild population, repeatedly AAb+ at levels S99* centile, were HLA-gcnotypcd. 
Results : 203/6115 (3.3%) were tested AAb+. 1.5%, 0.9%, 0.8%, 1.3% had GADA, 
IA-2 A, IAA, ICA, respectively. The AAb+ children revealed a significantly 
increased (P«d).05) frequency of the diabctes-associatcd DQB1 alleles *0302 and/or 
*02 and a decreased frequency of the protective allele *0602. Highest GADA and 
IA-2 A level were found in children without the protective allele. 36 (0.6%) had 
multiple AAbs. 97% (35/36) could be identified by GADA/1A-2A testing. None of 
them (0/36) had the protective allele *0602 and the frequency of the risk alleles 
*0302 and/or *02 increases as the AAb numbers from 51%, 72%, 92%, and 100% 
with 1, 2, 3, and 4 AAbs, respectively. 9/36 (25%) with multiple AAbs progressed 
already to type 1 diabetes. 89% (8/9) have the *0302 and/or *02 risk alleles in 
absence of the protective allele *0602 but only 11% (1/9) of the recent onset cases 
and 8.3% (3/36) of the total multiple AAb+ subjects had the liiglicst risk genotype 
DR3/4(DQ2/8). Conclusions : The most of AAb+ individuals at risk could also be 
recognised by GADA/IA-2A testing of a normal population. HLA genotyping 
allows a further risk differentiation. Subjects with multiple AAbs reveal the highest 
risk progressing to type 1 diabetes, also supported by significantly enhanced genetic 
diabetes susceptibility. 
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AUTO-ANTIBODIES PROFILE AND BREAST-FEEDING DURATION 
IN TYPE I DIABETIC PATIENTS FROM CHILE. 

Perez-Bravo F 1 , Riesco MV*. Albala C 1 . Ovarzun A*. Santos JL 1 . Carrasco 
E : . 

1 Public Nutrition Unit. Molecular Biology Lab. INTA and : Diabetes Unit. 
San Juan de Dios Hospital. Faculty of Medicine. University of Chile 
(Fondecyt Grant N° 1000944). 

Introduction : Type 1 diabetes, as an autoimmune disease presents several 
islet cell-specific autoantibodies such as islet cell antibody (ICA). anti¬ 
insulin (IAA), anti-glutamic acid dccarboxilase (GAD) and anti-tyrosine 
phosphatase (IA-2). Between environmental factors associated to etiology 
of type 1 diabetes has been focused viruses, breast feeding duration and the 
early exposure to cow's milk proteins. Aim, Patients and Methods : In order 
to study the frequency of the anti-GAD. anti-lA-2 e ICA antibodies in 
Chilean type I diabetic patients and determine the possible modulator effect 
of the breast feeding, we studied 134 type I diabetic patients at diagnosis 
debut who were compared among them according to the breast feeding 
duration period. IA-2 and GAD were determined by RLA and ICA by means 
of indirect immunofluorescence. Statistical analysis by means of Wilcoxon 
and Student test. Results : The auto-antibodies frequency between patients 
with exclusive breast feeding < 3 months and > 3 months was: ICA- 1 - 
(78 8% vs 90.6%, NS). GAD-h (75.0% vs 54.6%. p=0.024) and IA-2- 
(73.0% vs 43.8%. p=0.001) The simultaneous positive titles for 3 antibodies 
was 53.9% and 21.8% between children with breast feeding duration < 3 
months and > 3 months, respectively (p=0.001 ).The positive titles of IA-2 
and GAD was 39.5% between children with breast feeding duration < I 
months (19/48). Conclusi6n : Both IA-2 and GAD exhibit a low positive 
frequency in type 1 diabetic patients with breast feeding duration higher than 
3 months. The breast feeding duration at least by one month mean to be 
crucial, suggesting a possible attenuate role of exclusive breast feeding on 
the pancreatic autoagression events in type 1 diabetes. 
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TRANSGLUTAMINASE AUTO ANTIBODIES ARE THE BEST MARKERS FOR CEUAC 
DISEASE SCREENING IN SPANISH TYPE 1 DIABETIC CHILDREN AND ADULTS 

ASfeoro*. V.Chinchilla*, J.Sanchez r , l.Eleno * J.Caselles * AfVxprf* E.Boix* and 
A. Pico*. Endocrinology*. Biochemeslry*, Epidemiology 9 Hormones*, 
Gastroenterology* and Pathology". Hospital General Universitario de Alicante. Spain. 
Background and Aims: Prevalence of celiac diasease (CD) in type 1 diabetes (DM-1) 
has been reported to be higher (1.7-5.6%) than in general population (0.01-0.3%). The 
aim of this study is to determine the prevalence of CD in children and adults with DM- 
1 in Alicante (Spain) and the value of serological markers for screening of CD in this 
population. Materials and Methods: 247 patients with DM-1 (mean age 26.5 ± 14.1, 
range 3-74 years), from a total of 590 patients who were invited to participate in the 
stuch’, accepted to be tested prospectively for gliadin IgA/IgG (AGA-IgA/lgG) 
antibodies and endomysial IgA antibodies (EMA) once a year during 3 years. These 
antibodies (ab) were also measured in frozen sera of 60 control subjets. Diabetic 
patients who were positive during follow-up for more than one of these antibodies were 
asked to undergo intestinal biopsy. We measured once recombinant human 
transglutaminase IgA ab (TgA), glutamic acid dccarboxilasc ab (GAD) and protein 
tyrosine phosphatase-2 ab (IA-2) and total IgA in frozen sera of all patients. Results: 
One DM-1 patient had known celiac disease before the study and was excluded. Of the 
247 patients tested, 16 (6.5%) were IgA deficients and 64 (26%) were found to be 
positive for any antibody associated with celiac disease: 54 (17.6%) for AGA-IgA, 8 
(5.1%) for AGA-IgG, 8 (3.4%) for EMA and 2 (1.2%) for TgA. Positive 
seroconversion of antibodies ocurrcd in 17 patients and negative seroconversion in 
another 17 patients. Of 31 patients biopsied, 1 asymptomatic patient had total villus 
atrophy (silct CD) and 4 asymptomatic patients had an increase of intraepithelial 
lymphocytes (potential CD). The sensitivity and specificity of serological markers for 
villus atrophy in biopsied patients were: 100% and 32% for AGA-IgA, 100% and 
73.9% for EMA, 100% and 96% for TgA and 100% and 3.8% for combined antibodies 
respectively. There was no association between the presence of antibodies related to 
CD and GAD or IA-2 antibodies in these patients. Conclusions: Prevalence of CD 
(including potential CD) in DM-1 patients in Alicante was 2.4 %. IgA-Tranglutaminase 
antibodies were the most sensitive and specific antibodies for CD screening in DM-1 
patients. 


390 

LMMUNOSCREENLNG A WHEAT CDNA LIBRARY FOR CANDIDATE 
PEPTIDES INVOLVED IN THE PATHOGENESIS OF TYPE 1 DIABETES 
A.J. MACFARLANE 1.2, K.M. BURGHARDT 1,2, R SARDANA 2. I. 
ALTO SAAR. 2 AND F.W. SCOTT 1,2,3. 1 Ottawa Health Research Institute, Ottawa, 
Canada; 2 University of Ottawa, Ottawa, Canada; 3 Nutrition Research Division, 
Health Canada, Ottawa, Canada 

Background and Aims: The development of type 1 diabetes requires genetic 
susceptibility and is influenced by environmental factors, such as viral infections and 
dietary components. Diets in which wheat gluten (WG) is the sole source of amino acids 
are associated with high diabetes frequency in the diabetes prone BioBreeding (BBdp) rat 
and non-obese diabetic (NOD) mouse, both models of spontaneous autoimmune diabetes. 
The identity of the peptides or proteins responsible for the diabetogenicity of WG remains 
unclear. It may be that, as in gluten-sensitive enteropathy, certain wheat peptides are not 
only immunogenic, but also diabetogenic. The objective of this study was to identify 
immunogenic wheat peptides that may be involved in the pathogenesis of type 1 diabetes 
in the BBdp raLMatcrials and Methods: Total RNA was extracted from wheat kernels 
and a wheat cDNA expression library consisting of one million recombinants was 
constructed. To identify immunogenic wheat peptides, the library was screened with 
pooled serum from 7 diabetic WG-fed BB rats ranging in age from 73-121 days. Diabetes 
was diagnosed in a n i m a l s with fasting blood glucose level >11.1 mM. A secondary anti¬ 
rat IgG, Fc (gamma) fragment specific antibody conjugated to alkaline phosphatase was 
used to identify positive clones. Positive clones were screened repeatedly until clonality 
was achieved. The cDNA inserts from isolated clones were subjected to automated 
sequencing Blastn and Blastx searches of Genbank and TIGR Wheat Gene Index 
databases were performed to identify homologous sequences. Results: Primary screening 
of the library resulted in 48 clones. Secondary and tertiary screening resulted in the 
isolation of 24 clones. Eight clones produced immunogenic peptides that shared 87-92% 
DNA sequence identity with the wheat storage protein (globulin 1) gene across 386 
nucleotides. Three clones shared 100% DNA sequence identity with a putative 
Arabidopsis thaliana protein and the human IL-1 receptor antagonist gene across 21 
nucleotides. Conclusions: These data show that antibodies from diabetic animals 
identified wheat peptides that share sequence similarity to (i) plant proteins and (ii) a 
cytokine receptor antagonist for IL-I. Considering that IL-1 is a mediator of beta cell 
destruction, this novel approach may identify molecular structures involved in the 
development of food antigen related type 1 diabetes. 

(Supported by JDF/CIHR/ORDCF/Health Canada) 
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Early grow th and infant feeding and risk of Type 1 diabetes: a multicentre case- 
control study. 

C. Patterson, G. Dahlquist and G. Soltesz on behalf of the EURODIAB Substudy 2 
Study Group. Queen's University Belfast, UK, University of Umea, Sweden and 
University of Pecs, Hungary. 

Background and Aims: Recent studies describe not only increased height in early 
life as a risk factor for childhood type 1 diabetes but also increased ponderosity. Our 
aim was to determine if various measures of growth (height, weight and body mass 
index) in early life are associated with childhood type I diabetes in different European 
populations and to elucidate any role of infant feeding practices in the association. 
Materials and Methods: Five European centres with population-based registers of 
type 1 diabetes diagnosed under 15 years of age participated. Controls were randomly 
chosen from population registers, schools or policlinics. Routine growth data up to 
the date of diagnosis were extracted from records and information about breast 
feeding and introduction of cows milk formula and solid foods was obtained from 
parents by questionnaire or interview. Case control differences in mean standard 
deviation score (SDS) were obtained for each centre and pooled. Odds ratios were 
pooled over centres using the Mantel-Haenszel method. Logistic regression was used 
to adjust for confounders. Results: Growth data were available for 499 cases and 
1337 controls. Both height and weight SDS were significantly increased among cases 
from one month after birth with the maximum differences in SDS of 0.32 (95% Cl 
0.14, 0.50) and 0.41 (0.26, 0.55), respectively, occurring between one and two years 
of age. Significant excesses in body mass index SDS were observed from 6 months 
of age, with the largest difference of 0.27 (0.10, 0.44) again evident between one and 
two years. Both height and body mass index SDS between one ant two years of age 
remained significant predictors of risk when jointly fitted in a logistic regression with 
confounding variables. Breast-feeding was associated with a significant reduction in 
risk; odds ratio 0.75 (95%CI 0.58, 0.96). Contrary to previous reports, early 
introduction (before three months) of cows' milk or formula or of solid foods was not 
associated with significant elevation in risk. Conclusions: Increased early growth 
measured either by height or body mass index, is associated with an increased risk of 
childhood diabetes in a variety of European populations. Any role played in this 
association by infant feeding practices remains unclear, but we speculate that relative 
ovemutrition of children causing an increased growth rate may overload the beta cells 
and thereby increase the risk of type 1 diabetes in susceptible children. 
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AUTOANTIBODIES TO TISSUE TRANSGLUTAMLNASE (TTG-Ab) L\ 
PROTEIN DEFICIENT DIABETES (PDDM) AND FIBROCALCULOUS 
PANCREATIC DIABETES (FCPD) PATIENTS FROM EASTERN INDIA. 
KANUNGO ALOK,Samal K C, Shtauvere A, Sanjeevi CB. Dept of Endocrinology 
and Diabetes, Cuttack, India and Dept, of Molecular Medicine, Karolinska Institute, 
Stockholm, Sweden. 

Background and Aims: Antibodies to tyrosine pyrophosphatase(lA2-Ab) and 
glutamate decarboxylase65(GAD65-Ab) are major markers for IDDM in 
caucasians.Tissue Transglutaminase antibodies(TTG-Ab) are specific for celiac 
disease.Celiac disease is characterized by small intestinal damage with loss of 
absorptive villi and hyperplasia of the crypts, typically leading to malbsorption. 
Celiac disease is precipitated by ingestion of the protein gliadin, a component of 
wheat gluten, and usually resolves on its withdrawal. 10% to 20% of the Celiac 
disease patients are also have IDDM and both disease are associated with HLA-DR3- 
DQ2. The aim of the study was to estimate the prevalence of TTG-Ab in MRDM 
(n=128), IDDM(n-74) and NIDDM (n=216) and 122 healthy controls from Cuttack 
in Eastern India. 

Materials and Methods: Protein dificient diabetes (PDDM) studied were 71 and 
Fibrocalculous pancreatic diabetes (FCPD) were 47.MRDM patients are typically 
young at onset with low body mass index, require insulin treatment for glycemic 
control, have inslulin resistance and do not develop ketosis on withdrawal of insulin. 
FCPD, but not PDDM, patients have abdominal pain and calculi in the pancreas. In 
the revised classification, PDDM is refereed to as Malnutrition modulated diabetes 
mellitus (MMDM). TTG-Ab was evaluated by RIA using in vitro translated 
recombinant human 35S-TTG. 

Results: In controIs,TTG-Ab was present in 3/122 (2%).In PDDM, TTG-Ab was 
present in 14/71 (20%) 

(p<0.0001 vs controls) and in FCPD 8/46 (17%) were positive for TTG-Ab (p<0.005 
vs controls). 11/74 (15%) IDDM (p<0.05 vs controls) and 23/216 (11%) NIDDM 
(P<0.05 vs controls) were also positive for TTG-Ab. 

Conclusions: We conclude that MMDM, FCPD, IDDM and NIDDM from Cuttack in 
Eastern India, have significantly high proportion of TTG-Ab compared to healthy 
controls. The highest significance is seen with MMDM patients. It is important to 
note that subclinical Celiac disease exists with diabetes mellitus and must be 
considered in the diagnosis of MMDM. 
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MECHANISMS OF BETA CELL DEATH DURING RESTRICTED AND 
UNRESTRICTED COXSACKIEB5 VIRUS INFECTION. 

S.R- Rasilainen, P. Ylipaasto, M. Roivainen, L. Bouwens, T. Hovi and T. Otonkoski. 
Haartman Institute, University of Helsinki, The National Public Health Institute, 
Finland. Vrije Universiteit, Brussel. 

Background and Alms: Enterovirus infections may trigger and accelerate beta-cell 
death leading to IDDM. Especially coxsackie B-strain viruses (CBV) are potentially 
diabetogenic. Productive CBV-infection induces pyknotic morphological changes and 
functional impairment in human beta cells. Our aims were to 1) generate a model 
more closely resembling the beta-cell infection in vivo by restricting the production of 
viral progeny and 2) investigate the mechanisms of virus-induced beta-cell death 
during productive and restricted infective conditions. 

Materials and methods: Porcine fetal pancreatic cells (PFP) and MIN6 mouse 
insulinoma cells were infected with a prototype strain of CBV5. Mechanisms of cell 
death were studied by nuclear viability staining (5 pg/ml Hoech$t*33342 and 1.5 jiM 
ethidium homodimer-1) and electron microscopy. Guanidine hydrochloride (G-HC1) 
was used as a selective inhibitor of coxsackie-virus replication. The protective 
capacity of G-HC1 was tested in 0.1, 0.5, 1 and 5 mM concentrations. Results: CBV5 
infection significantly decreased the viability of both MIN6- and PFP-cells (MIN6 
viability at 36h 78±6%; PFP viability at 7d 22±5%). Throughout the viral exposure 1 
mM G-HC1 was the lowest effective concentration to inhibit CBV5-induced cell death 
and preserved MIN6 viability at 96±1% (p<0,01) and PFP viability at 69±5% 
(p<0,0001). While decreasing necrotic cell death, 1 mM G-HC1 significantly induced 
apoptotic activity in PFP-cells (CBV5 4,5±1%; CBV5 + 1 mM G-HCI 7,2±1%, 
p<0,05), and the ratio of apoptotic/necrotic cells increased significantly (CBV5 
0, l±0,04; CBV5 + 1 mM G-HCI 0,46±0,1, p<0,0001). 

Conclusions: Restriction of virus replication with G-HCI effectively decreases 
CBV5-induced cell death both in insulinoma cells and primary pancreatic beta cells. 
The lowest protective concentration within the selective anti-viral range is 1 mM. 
However, restriction of viral replication shifts the mechanism of cell death towards 
apoptosis. 
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Heterogeneity of Type 1 diabetes by age at onset: the Registry of the Province of 
Turin, Italy 

E. Vitali, G. Bruno, N. Grosso, F. Pasini, E. Venturi, E. Gandolfo, S. Pinach, R. 
Gambino, G. Pagano and Piedmont Study Group for Diabetes Epidemiology. Dept. 
Internal Medicine, University of Turin, Italy. 

Background and Aims: Heterogeneity in Type 1 diabetes according to the age at 
onset of the disease has been suggested, which might reflect differences in 
determinants of the disease. Few registries have expanded the registration up to the 
adults. The registry of the Province of Turin is currently collecting incident cases up 
to age 29 yrs. In addition, since 1999, a pilot study has been started to collect incident 
cases of Type 1 diabetes and LADA up to age 54 yrs. Aims of this study were to 
assess clinical and immunologic heterogeneity of the disease by age at onset. 
Materials and Methods: Patients were identified through the diabetes clinics of the 
area. A cohort of 282 patients was included in this study: 171 were aged 0-29 at the 
onset of the disease and 111 were aged 30-54 yrs (n. 62 type 1 and n. 49 LADA). 
By two months from the diagnosis, fasting and 6 min after 1 mg glucagon e.v. plasma 
C-peptide, ICA and GADA were measured in a centralized laboratory 
Results: BM3 (mean, SD) was higher in adults patients with LADA than in adults 
with Type 1 diabetes: 24.8 (4.9) vs 22.3 (2.9). A decreasing linear trend of fasting 
plasma glucose by age at onset was found (p<0.001). Glycosuria was found in only 
52.1% of patients with LADA vs. 72% of patients aged 30-54 and 96% of those <30 
yrs. Fasting C-peptide was 0.14 (0.10) in age 0-9, 0.26 (0.17) in age 10-19, 0.36 
(0.26) in age 20-29, 0.40 (0.31) in age 30-54 and 0.69 (0.32) in LADA (p<0.001). A 
linear trend of stimulated C-peptide with age was also found (p<0.001). In type 1 
diabetes, prevalence of patients with both negativity to ICA and GADA was 11% in 
patients aged 30-54 yrs and only 4.3% in those aged 0-29 yrs. Lower frequency of 
patients with type 1 diabetes had ketonuria at the onset: 89% in age 0-29 and 40.7% in 
age 30-54 yrs (p<0.001). 

Conclusions: this study confirms the heterogeneity of type I diabetes, with better 
preserved beta cell function in children than in adults and higher frequency of adults 
patients with negativity to both ICA and GADA 
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ENTEROVIRUS INFECTIONS AND TYPE 1 DL\BETES- INTERNATIONAL 
COMPARISON 

H.R. Viskari, L.Salur, RUibo, D.Marciulionyte, R.Hermann, G.SoItesz, 
J.Ludvigsson, M Fuechtenbusch, A.Ziegler, A.Kondrashova, A.Romanov, A. 
Karvonen, A.Reunanen, J.IIonen, M.Knip, H.Hyoty. 

Dep. of Virology, Universities of Tampere, Turku, Finland, Department of 
Immunology, University of Tartu, Estonia; Institute of endocrinology. University of 
Kaunas, Lithuania; Dep. Of Pediatrics, Universities of Pecs Hungary, Linkoping 
Sweden, Pedrozavodsk Russia, Oulu Finland; Diabetes Research Institute, Munich, 
Germany; National Public Health Institute of Helsinki, Finland. 

Background and Aims: Enterovirus infections have associated with increased risk 
for Type 1 diabetes in retrospective case-control studies as well as in prospective 
studies. To study further this association we analysed if the frequency of enterovirus 
infections correlates with the incidence of Type 1 diabetes when compared between 
countries with either high or low incidence of diabetes. 

Materials and Methods: Frequency of enterovirus infections in different populations 
was studied by analysing enterovirus antibodies in 10-14-year old children in Finland, 
Sweden, Russia, Estonia, Lithuania, Hungary and Germany. Serum samples 
(N=120,l 14,114,106,103,91,104 respectively) were analysed for IgG class antibodies 
against purified coxsackievirus B4, poliovirus Type 1 and synthetic enterovirus 
peptide using EIA. The frequency and levels of these antibodies reflect past exposure 
to enteroviruses and the frequency of enterovirus infection in a given population. 
Results: The levels of enterovirus antibodies varied a lot between different countries. 
Median levels (EIU) of peptide antibodies were 42 (Estonia), 19 (Finland), 42 
(Germany), 14 (Hungary), 31 (Lithuania), 30 (Sweden), 16 (Russia). The incidence of 
type 1 diabetes (/100 000) is 10, 37, 11, 6, 6, 25, 7 respectively. Poliovirus 
antibodies, which arise from polio vaccinations, varied also considerably from the 
median of 18 EIU in Finland to 42 EIU in Germany. 

Conclusions: The levels of enterovirus antibodies varied considerably between 
different countries suggesting variation in the transmission of enterovirus infections. 
The populations with high incidence of Type 1 diabetes (like Finland) did not have 
exceptionally high levels of enterovirus antibodies suggesting that high incidence of 
type 1 diabetes is not necessarily associated with a high frequency of enterovirus 
infections in the population. The differences in poliovirus antibody levels may reflect 
differences in the vaccination programmes. 
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Autoantibodies to IA2ic and to Phogrin increase the prediction for insulin 
requirement in patients with Type 2 Diabetes 

E.Bosi, MLocateIIi A , C.ACuII#, MScirpoli, E.Bonifacio , I.M.Stratton#, RRHolman#, 
G.F.Bottazzc/' for the UK Prospective Diabetes Study (UKPDS) Group. S.Raffaele 
HospitalAIilanJtaly; A Bambino Gesu'Hospital.Rome.Italy; ^Diabetes Trials 
Unit,Oxford,UK 

Background and aims: ICA and GADA are detected in a subset of Type 2 diabetic (T2D) 
patients (pts) and their presence is correlated with the need for insulin requirement (IR) 
within 6 years from diagnosis. Little is known about the prevalence of autoantibodies 
(AA) against IA2 autoantigens and their role in the prediction of the IR in T2D pts. Thus, 
we carried out a retrospective study in these pts aimed to investigate die frequency of two 
different IA2 AA, the ones recognising the intracellular fraction of the IA2 (IA2icA) and 
the ones related to IA2B (IA2BA) or phogrin. Age at onset, clinical and metabolic 
characteristics, and HLA genotyping have been correlated with the presence of the two 
IA2 AA investigated. Materials and Methods: LA2icA and IA20A were measured in 
3,600 white Caucasian newly diagnosed T2D pts, aged between 25 and 65 years, recruited 
to the UKPDS. The need for IR within 6 years from diagnosis has been evaluated in 2,263 
pts, who were not assigned to insulin. Both !A2icA and 1A20A were measured by 
radioimmunoassay with human recombinant autoantigens. DR3/DR4 genotyping was 
available in 1,342 pts. Results: IA2icA and IA2BA were detected in 93 (2.6%) and 58 
(1.6%) pts, respectively. Ia2icA alone were present in 42 (1.2%) pts, 1A20A alone in 7 
(0.2%), whereas a combination of the two IA2 AA was detected in 51 (1.4%) pts. Due to 
the small number of pts positive for IA2BA alone, the analysis has been earned out only 
by considering the 93 LA2icA positive pts. IA2icA positive pts showed higher levels of 
FPG, HbAlc and insulin sensitivity, and lower values of age at diagnosis, BMI and Bceli 
function, compared to the pts without IA2icA (p<.00001 for all variables). The proportion 
of pts with IA2icA decreased significantly with the age at diagnosis (16.2% in die age 
group 25-35 years and 1.2% in the age group 55-65 years; p<.00001). The frequency of 
DR4 allele was significantly higher in IA2icA positive pts than in the negative ones (66% 
vs 36%, respectively; p<.0001). The sensitivity of IA2icA for IR was 17.5%, while the 
positive predictive value was 73% compared to 8.9% registered within LA2icA negative 
pts (OR 15.2; 95% Cl 5.56-41.5). Conclusions: In T2D pts, the presence of IA2icA is 
highly predictive of the need for the future IR, despite being of low sensitivity. As in Type 
I diabetes, IA2icA are frequently associated with the DR4 haplotype and are more likely 
to be found in younger pts. The measurement of IA20A does not provide any additional 
information. 
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Clinical Characteristics of Latent Autoimmune Diabetes of the Adult in the United 
States 

F. Ovalle and D. Bell. University of Alabama at Birmingham, Birmingham, Alabama, 
USA 

Background and Aims: Latent Autoimmune Diabetes of the Adult (LADA) is a distinct 
subtype of diabetes mellitus that is frequently misclassified as type 2 diabetes mellitus 
(T2DM). Our aim is to describe and compare the clinical characteristics of patients with 
LADA, with those of T2DN1, in the U.S A 

Materials and Methods: 39 patients were identified as having LADA [l) Insidious onset 
of diabetes at age more or equal to 30, 2) Initial diagnosis of T2DM with no insulin 
treatment for the first 12 months, 3) Presence of anti-GAD antibodies]. A control group of 
39 patients with T2DM and negative anti-GAD antibodies were matched for age, sex, 
race, and duration of diabetes. History and physical examinations were performed and 
blood was obtained for measurement of: anti-GAD ab, serum C-peptide, plasma glucose, 
lipid profile, uric acid and serum creatinine. The Urine albumin/creatinine ratio was 
measured Results were compared using the two tailed unpaired t test Results are reported 
as means +/- SEAL P values of more than 0.05 were considered non significant 
Results: Groups were w’ell matched for age (60.1 ±1.9 vs. 60.1±1.6 yrs., p=n.s.), duration 
of diabetes (10.Q±1.9 vs. 10.6±1.0 yrs, p=n.s ), race (LADA 33 whites/6 blacks; 
T2DM 33 whites/6 blacks) and gender (LADA:24 women/15 men, T2DM:24 women/15 
men). The BMI was significantly lower in the LADA group (25.3±0.7 kg/ m2 vs 32.5±1.0 
kg/m2,p=<0.001). The serum C-peptide levels were much lower in the LADA group than 
in those patients with T2DN1 (1.0±0.2 vs 5.1±0.4 ng/ml, p=<0.0001). The lipid profiles in 
die LADA vs the T2DM group demonstrated very similar LDL levels (lll.5±5.6 vs 
117.4±5.0 mg/dl, p=n.s.), total Cholesterols (184.2±4.6 vs 189.7±5.4 mg'dl, p=n.s.), IDL 
(16.9±2.1 vs 19.3±1.3 mg/dl, p=n.s.) and Lp(a) (9.5±1.5 vs 7.0±0.7 mg/dl, pMD.09). There 
were significant differences in: total HDL (57.3±3.2 vs 37.6±2.1 mg/dl, p=<0.001), HDL3 
(37.3±2.2 vs 28.5±1.2 mg/dl, p=<0.001), HDL2 (15.8±2.3 vs 7.7±1.0 mg/dl, p=<0.001), 
VLDI. (18.3±2.2 vs 38.7±3.1 mg/dl, p=<0.001), VLDL3 (7.6±2.1 vs 13.6±1.2 mg/dl, 
p=<0 001), Triglycerides (103±9.9 vs 212.4±18.3 mg/dl, p=<0.001) and LDL subfractions 
1-4 (1.9±0.2 vs 2.5±0.1, p=0.01). While the serum creatinine was not different between 
both groups (1.0±0.1 vs 1.0±0.1 mg/dl, p=ns.), the LADA group had a lower urine 
albumin/creatinine ratio (10.1 ±5.3 vs 219±111, p^O 04). Similarly the LADA group had a 
significantly lower serum Uric Acid (3.9±0.3 vs 5.&10.5 mg/dl, p=0.001). 

Conclusions: LADA in the United States demonstrates significant differences in clinical 
presentation, including lower BMI, C-pcpdde, Uric Acid and a much different lipid 
profile, when compared to T2DM. 
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Early correct classification in the Diabetes Syndrome-better long-term results. 

T. Halmos, A. Grosz, P. Pdnczel, L. Kautzky, L. Madicsy. National “Koranyi “ 

Institute, Hospitaler Brothers of St. Johns ofGod^" 1 Dept of Internal Med & 

1st Department of Pediatry, Semmelweis University, Budapest, Hungary. 

Backgroud :Early correct diagnosis of diabetes mellitus means early adequate 
therapy. Misdiagnosis results in inadequate initiating treatment, which may 
cause either unnecessary inconvinience for the patient, or induce early late 
chronic complications as well. Aims : To differentiate between type 1 and type 
2 diabetes based on different clinical and laboratory data. We selected 50 
patients- 31 males, 19 females- with uncertain typology from our outpatient 
diabetic clinic. Age at diagnosis 34.,2± 5,2 year, BMI: 24,2±l,8kg/m2. In all 
of them oral diabetic drugs were initiated. Mcthods:t o obtain more precise 
diagnosis were as follows: family history, how the diagnosis was set up, 
typical symptoms present or absent, fasting and postprandial blood sugar 
values and endogenous insulin levels, Haemoglobin-Ale, and autoimmune 
maikers:islet-cell cjloplasmic antibodies, antibodies to glutamic-arid- 
decaiboxilasc and antibodies IA2. Results: inspite of having typical diabetic 
signs, we found 4 classical type 1 patients, who were treated from 3-to 12 
month with oral drugs. One became finally ketoacidotic, before switching her 
to insulin treatment 14 patients were reclassified into the „siowIy progressing 
type 1” (LADA) subform, however in only 8 patients were autoimmun 
markers positiv. In the remaining 6, rapidly diminishing endogenous insulin 
levels together with chronic hyperglycaemia proved the diagnosis. 2 patients 
became diabetic during pregnancy, but because of early exogenous insulin 
need, they also were reclassified as type 1 patients, with negative autoimmune 
markers. 2 young patients belong to the ..maturity onset type diabetes in the 
youth „ (MODY), 14 patients were classified as early onset type 2 patients 
conlinously kept on oral drugs and finally in 10 patients exact classification 
remained uncertain. Frequency and severity of specific late complications in 
the LADA group presented large variation. Conclusion: even using all the 
clinical, biochemical and immunological parameters, in part of our diabetics 
final exact diagnosis may be uncertain for a long periode. In these cases 
insulin therapy must be initiated early in ordcrlo avoid or delay presence of 
late specific complications. 
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Clinical a [aractekistics, P-cell function, HLA typing and ILNF-la gene 
N fUTATIONS IN IMM UNO LOGICALLY NECATTVE TYPE 1 DIABETES MELLITUS 

E Aguilera, S N2f, R Casamitjana*. J. Oriola*. G.Ercilla#, R Gomis and I 
Conget Endocrinology & Diabetes, Hormonology* and Immunology# Units, 
IDIBAPS, Hospital Clinic i Universitari. Barcelona, Spain. 

In our experience, around 20% of subjects with type 1 Diabetes Mellitus 
(DMl)(agcd>15 yr.) are negative for pancreatic autoanlibodics, this being one of 
the characteristics of the category DM1 B proposed by ADA. In light to the scarce 
information concerning this heterogeneous disorder, our study aimed to 
investigate clinical, metabolic and P-cell function characteristics, HLA typing and 
the presence of mutations in our area’s most frequent MODY gene subtype (HNF- 
la) in immunologically negative DM1 subjects (Ab-). Patients and methods: 23 
cases (25.5±5.5 yr, 16 men) of Ab- patients (1CA, IA-2, GAD and IAA 
autoantibodies) and 23 age and sex matched Ab+ DM1 controls were included. 
Metabolic, clinical data and P-cell function (basal and glucagon stimulated c 
peptide) were evaluated at onset and after 12 m of follow-up. HLA-DRB1 typing 
(PCR method) from the gcnoinic DNA was performed. Mutations in the HNF- 
la gen were analysed by SSCP. Results: There were no differences between both 
groups in tenns of BMI, insulin dose, clinical presentation and p-cell function at 
onset. After one year, there were no differences in tenns of HbA| C . At the same 
time, the AUC (area under curve) of stimulated c peptide in Ab- was significantly 
higher than in Ab+ (4.914.0 vs. 3.1411.68 nmol/1, p=0.04). Ab- and Ab+ 
displayed similar HLA-DRB1 typing (4/23 subjects in both groups showed 
DRB 1*03*04; 19/23 subjects Ab- and 21/23 Ab+ displayed DRB1*03 and/or 
♦04). We couldn’t identify any mutation in the HNF-lagcne in either group. 
Summary: Ab- and Ab+ DM1 subjects are similar in tenns of clinical 
presentation,, p-cell function at onset, metabolic control and HLA-DR genotype. 
Mutations in HNF-lagenc would not explain insulin secretion defects in Ab- 
group. However, they display a better prognosis in terms of p-cell function than 
Ab+, at least during the early stages of the disease. 
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LADA typ« of diabetes among Prague urban unselected diabetic patients 

M.Ande!,J. Novak, J. Kucera, J. Potockova, L. Treslova, J. Perusicova ,T. Vicha, A. 
Romanova and J. Psotova. Diabetes centre and Second Department of Internal Medicine, 
of 3rd Faculty of Medicine, Charles University Prague and University Hospital Kralovske 
Vinohrady, Czech republic 

Background and Aims: Last decade brought the evidence about the significance of type 
I diabetes manifested after 35 years of age was brought. To describe situation in Prague 
urban diabetic patients we decided to diagnose LADA type diabetes in out - patients of our 
department 

Materials and Metbods:The total 306 patients were enrolled in the study. In all patients 
their BM3,fasting C - peptide level and level of antibodies for glutamate 
decarboxylase(GADA) were measured The patients were divided to the groups according 
their BMI(Iess than 25,25 - 29, over 30). 

Results:l40 patients with BMI less than 25 were investigatedln 35 of them the fasting C 
- peptide level was bellow 200 pmol/l, 105 had fasting C - peptide over 200 pmol/l. From 
35 patients with low C peptide were 18 GAD A positive (over 50 ng/ml), 17 GAD A 
negative, signs of autoimmune insulitis was also 1:1. In 104 lean patients with fasting C 
peptide over 200 pmol/l 11 GADA positive and 94 GADA negative patients w r ere found, 
relations between both group was 1:9.Difference in GADA positivity in low fasting C 
peptide and normal fasting C peptide patients was statisdcaly significant (p less 0,01). 
125 patients patients had BMI 25 - 29. In 20 of them was fasting C peptide less than 200 
pmol/l, 8 had GADA over 50 ng/ml, 12 less than 50 ng/I, signs of autoimmunity was in 40 
% of all low fasting C peptide group. In 105 patients with fasting C peptide over 200 
pmol/l of this group had 12 positive GADA, other 93 were GADA negative. The ratio 
between both group was again 1 : 9. Difference GADA positivity in low fasting C peptide 
and normal fasting C peptide patients was statisticaly significant (p less 0,01). From 41 
patients with BMI over 30 we found only 5 patients with fasting C peptide less than 200 
pmol/l, of them 4 had GADA over 50ng/ml.In other 36 patients fasting C peptide was over 
200 pmol/l, only one of those patients had positive GADA. 

Conclusions: We conclude, that from our group of 306 patients with diabetes diagnosed 
after 35 years of age we found in 60 of them ( 20,5%) fasting C peptide less than 200 
pmo!/l„ half of them (i.e. 10% of all patients) had also markers of autoimmune insulitis. 
Proportion of low fasting C peptide decreased with increasing BML Half of all patients 
with low C peptide (i.e. 30 patients)had presence of plasma increased GADA levels. 
LADA type diabetes also present important clinical problem. Supported from research 
Grant IGA Ministry of Health of Czech Republic No 5043/3 
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C-Peptide in the Detection of Latent Autoimmune Diabetes of the Adult 
D.S.H. Bell and F. Ovalle. The University of Alabama at Birmingham, Birmingham, 
Alabama, U.S.A. 

Background and Aims: Detection of latent autoimmune diabetes of the adult 
(LADA) at the time of diagnosing diabetes is important because prompt initiation of 
intensive insulin therapy may protect the remaining functioning beta cells from 
further immune destruction by decreasing their activity. This in turn might lead to 
easier glycemic control with less hypoglycemia and less complications. However, 
screening type 2 diabetic patients with anti-GAD antibodies is expensive. This study 
was performed to assess C-peptide levels could be used to screen for LADA. 

Materials and Methods: Random serum C-peptide levels (normal range 0.8 to 4.0 
ng/ml) were measured in 39 subjects with LADA (defining criteria: 1) Insidious onset 
of diabetes at age 5 30, 2) Initial diagnosis of T2DM with no insulin treatment for the 
first 12 months, 3) Presence of anti-GAD antibodies). 39 subjects with anti-GAD 
negative type 2 diabetes Mellitus (T2DM), matched for age, race, sex and duration of 
diabetes, were used as controls. The statistical comparison was made utilizing- the 
two tailed unpaired t test. Results are expressed as means±SEM. 

Results: The mean C-peptide in the LADA group was 1.0±0.2 ng/ml (range 0 to 4.3) 
vs. 5.1 ±0 4 ng/ml (range 1.0 to 11.8) in the T2DM group. This difference was 
statistically significant (p=<0.0000l). Only one subject (2.5%) in the LADA group 
had a C-peptide above the normal range (4.3 ng/ml, 7.5% above upper limit of 
normal). Meanwhile, all subjects with T2DM had a C-peptide within or above the 
normal range. 

Conclusions: LADA can be ruled out in those patients presenting with adult onset 
diabetes by and elevated C-peptide. Testing for anti-GAD antibodies should be 
reserved for those patients found to have a normal or low C-peptide at the onset of 
diabetes. 
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Phenotypic and labaratory characteristics of'gray zone* diabetes 
I Satman, S Salman, E Oz, M Akyildiz, Y Tutuncu, G Yillar, F Salman, AO Gurol, 0 
Suzer, N Gursoy, Y Yilmaz, K Karsidag, N Din^^ag and MT Yilmaz. Istanbul 
University, Faculty of Medicine, Division of Diabetes, Istanbul-Turkey 
Background and Aims: The distinction between autoimmune and non-autoimmune 
diabetes becomes increasingly blurred during early adult ages and is termed 'gray 
zone diabetes'. To differentiate between these two types of diabetes, we evaluated a 
sample of 162 early-adult onset diabetes cases according to their phenotypic 
characteristics and laboratory parameters. 

Materials and Methods: The study population consisted of 162 patients with 
diabetes started between 20-40 years of age. We divided the study population 
retrospectively according to early insulin requirement (within 1st year of diabetes). 
Results: The first group included 50 cases mean age was 32.7 ± 7.0 yrs, age-at onset 
29.4 ± 5.6 yrs, male 48 %, BMI 25.5 ± 4.7 kg/sqm, family history for diabetes 71 %, 
presentation with acute hyperglycaemia 30 %. Remaining 112 patients did not need 
early insulin and made up the second group (age 38.8 ± 6.2 yrs, age-at onset 33.5 ± 
4.6 yrs, male 46 %, BMI 27.9 ± 4.3 kg/sqm, family history for diabetes 82 %, 
presentation with acute hyperglycaemia 11 %) Difference for age (p<0.001), age-at 
onset (p<0.001), BMI (p=0 002) and type of presentation (p=0.002) were statistically 
significant between two groups. Early insulin requirement correlated with preliminary 
diagnosis (r = 0.24, p=0.002), final diagnosis (r = 0.24, p=0.002), age-at onset (r = 
0.38, p<0.001), type of presentation (r = 0.23, p=0.003), and HbAlC value (r = -0.19, 
p=0.044). Where as we did not find significant correlation with early insulin 
requirement and gender, ICA, AntiGAD, low basal C peptide level (p<0.6 ng/ml), 
family history and BMI. 

Conclusions: These findings indicate that phenotypic characteristics are more 
predictive than laboratory results two differentiate 'gray zone' diabetes such as late 
type I or early type 2 diabetes. 
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PREVALENCE AND CHARACTERISTICS OF LADA AMONG GREEK 
PATIENTS WITH THE INITIAL DIAGNOSIS OF TYPE II DIABETES 
G. Svmeonldis 1 . N. Papanas 1 , E. Souliou 1 , E. Diza*, G. Mavridis and A. 
Antoniadis* 1 Diabetic Department, General Hospital "O Agios Dimitrios", 
Thessaloniki, Greece; * A* Laboratory of Microbiology, Medical School, 
Aristotle University of Thessaloniki, Greece 

Background and aims: Very little is known about the prevalence of LADA (Latent 
Autoimmune Diabetes in Adults) in Greek patients. Thus, the aim of the present study 
was to investigate the prevalence and characteristics of LADA (defined as GAD A 
positive diabetes with age at onset greater than 35 years) among Greek patients with the 
initial diagnosis of type II diabetes. Materials and methods: In a total of 219 type II 
diabetic patients (99 men, 120 women) with a mean age of 67,8±8,4 years and a mean 
diabetes duration of 14,1±7,9 years GADA (Glutamic Acid Decarboxylase Antibodies) 
as well as ICA (Islet Cell Antibodies) were measured. Results were expressed as 
negative, positive and strong positive, according to autoantibody titres.Results: 
Prevalence of LADA was 26% in our patients. GADA positive patients did not differ 
significantly from GADA negative patients in age, sex, BMI, diabetes duration and 
prevalence of retinopathy, microalbuminuria, coronary artery disease and hypertension. 
However, GADA positive patients had a significantly lower prevalence of dyslipidemia 
(p=0,0002) and a significantly higher prevalence of insulin dependency (p=O,004!) than 
GADA negative patients. Degree of GADA positivity showed even stronger positive 
correlation with insulin dependency (p=0,0001). Among GADA positive patients an 
ICA prevalence of 21% was demonstrated. GADA and ICA were positively correlated 
with regards to simultaneous presence in the same patient and to degree of positivity 
(p=0,01). Conclusions: In a considerable percentage (26%) of Greek patients initially 
diagnosed as having type II diabetes presence of LADA is demonstrated by means of 
GADA measurement. Patients with LADA show a lower prevalence of dyslipidemia 
and a higher prevalence of insulin dependency than true (GADA negative) type II 
diabetic patients. 
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DIABETES IN THE ETHIOPIAN JEWISH COMMUNITY OF HADERA: 
PREVALENCE, ATHEROSCLEROTIC RISK FACTORS 
Anat Jaffe 1 , Hilel Vardi 2 , Boris Levit* 

*- Diabetes and Endocrinology, Hillel YafTe Medical Center Diabetes, 

2 - Epidemiology, Ben Gurion University 

Background and Aims: Studies on the prevalence of diabetes in the Israeli Ethiopian 
immigrant population indicate rapid growth as a function of years after immigration. 
These studies, however, were preformed on people in transition; i.e. absorption camps, 
agricultural schools, etc., in which the particular conditions of life may have affected the 
development of diabetes. Materials and Methods: In this study, which is part of theTene 
Briut’# project, we examined the prevalence of diabetes and atherosclerotic risk factors in 
a representative sample of 15 years or older individuals from the Jewish Ethiopian 
community residing in Hadera. Diagnosis of diabetes was made based on fasting blood 
glucose level and post 75-gram oral glucose tolerance test [OGTT], in accordance with the 
new WHO criteria Results: Up to now, we studied and analyzed data from 134 
individuals randomly selected out of the 330 subjects of the total sample. Mean age was 
53.8±11. Different age groups were equally represented. Twenty-four subjects were found 
to have diabetes (17.9%), 19 women and 5 men. The mean age was 60±17. Eight out of 
them wore newly diagnosed (33%). Impaired glucose tolerance [IGTJ was found in 17, 
seven women and 10 men, mean age 55±13. Ten had impaired fasting glucose [IFG}, 6 
women and 4 men, mean age 66±10. Twenty-eight subjects out of 134 were found to have 
hypertension (20.9%) 18.3% were newly diagnosed. But, in the diabetic group 46% also 
had hypertension. Hyperlipidemia was found in 16.2% with HDL-cholesteroI below 
35mg/dl, 16.6% had LDL above 160mg/dl and 9.3% had Triglyceride above 200 mg/dl. 
The BMI of the entire sample was 24.2 ± 2 while it was only 19 on arrival to Israel. The 
diabetic patients' BMI was 27.5±5, 27.3±4 in the IFG, and 24.3±4 in the IGT group. Fast 
and post-OGTT serum insulin concentration were 12.1 to 51.9 for normal OGTT subjects, 
18.7 to 55.7 for IFG, 17.2 to 141.6 in the IGT and 12.8 to 58.5 in the diabetic patients 
respectfully. Conclusions: This is the first report from the study. Although it in not 
complete, we can conclude that this population developed in a short period i.e., ten years 
since their arrival to Israel; obesity, high prevalence of diabetes and other atherosclerotic 
risk factors. Israeli Ethiopian immigrants are at high risk for cardiovascular diseases. This 
calls for in depth and culturally appropriate intervention programs in parallel with 
continuing study of the nature of the disease. 

U Project for education, prevention, detection and treatment of diabetes in the Ethiopian 
immigrants to Israel. 
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Prevalence of gestational diabetes in a rural community of Bangladesh 
MA Sayeed, H. Mahtab, PA Khanam, STE Amin and AK Azad Khan; BIRDEM, 
Dhaka, Bangladesh 

Background and Aims - About 7% of all pregnancies are complicated by 
gestational diabetes mellitus (GDM). Fasting blood glucose (FBG) >5.8 
mmol/l in pregnancy is associated with increased risk of intrauterine death 
during the last 4-8 w eeks of pregnancy. There are few data on the prevalence 
of GDM in Bangladesh and in other South East Asian communities despite 
increased perinatal mortality. The study addresses the prevalence of GDM in 
a rural population, w hich comprises more than 80% of the total population of 
Bangladesh. 

Materials and Methods - Ten villages in a rural community with a 
population of 14,382 (M / F - 7476 / 6906) were selected. All married 
women of age group 15 - 40y were interview ed. Only pregnant mothers w ith 
gestational age over 20wk w ere investigated at home for obstetrical history, 
clinicar examination, blood pressure and FBG. Capillary FBG was assessed 
by Hemocue cuvette. 

Results - Of the total 2205 interview ees 172 (7.8%) w ere pregnant. Of them, 
85.5% had gestational age over 20wk and 19.5% were multipara. About 20% 
experienced one or more unexpected abortion and 10% had one or more 
stillbirth. Their mean (SD) age was 25.8y (5.7) and BMI was 19.7 (2.2). 
Taking the fasting blood glucose 5.8mmoI/l as a cut point, the prevalence of 
GDM w'as 4.8%. If the cut-point is taken at 5.3 mmol/l the prevalence rate 
reaches 7.5%. The GDM prevalence was found almost two-folds in those 
w ith history of tw o or more abortion compared with those who had one or no 
abortion (14.3 vs. 7.1%). Likewise, multipara also had two-fold increased 
prevalence of GDM (25 vs 13%). 

Conclusion - The prevalence of GDM in rural Bangladesh is comparable to 
any other population w ith higher prevalence of GDM. Excess morbidity and 
mortality among mothers and newborns in a rural community may, in part, 
be due to hitherto unexplored increased prevalence of GDM. 
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The prevalence of type 2 diabetes melirtus in rural and urban population over 35 
years in Lublin Region (Eastern Poland) 

J. Lopatynski, G. Mardarovvicz, T. Nicer, G. Szczesniak, H. Krol, A. Matej, W. 
Szydlowski, J. Paszkowski, K. Dabek, B. Zmurowska, E. Grzegorczyk. Prixnaiy 
Health Care and Family Medicine, University of Lublin, Poland. 

Background: The prevalence of diabetes mellitus type 2 has increased dr am a ti cally 
in the last decades. Asymptomatic course of disease causes that it is still detected too 
late. Data relating to the number of undetected cases of diabetes are underestimated. 
The aim: The evaluation of the prevalence of type 2 diabetes mellitus, obesity, 
hypertension, and lipid disturbances in a representative group of urban and rural 
population in the Lublin region (Eastern Poland). 

Material and methods: The study was performed in the period 1998-2000. A two- 
layer draw was applied: two groups of 3.000 people were drawn, from the population 
of Lublin town and from the rural areas each comprising 100.000 inhabitants. In all 
subjects we performed physical examination, body w eight, height, and blood pressure 
measurements, oral glucose tolerance test (OGTT) after a 75g glucose load, and 
laboratory assessments: blood lipids and serum insulin concentration during OGTT. 
Diabetes mellitus was identified according to the WHO criteria from 1985. Obesity 
and hypertension were diagnosed according to the WHO criteria. 

Results: The prevalence of diabetes was assessed in 17,6% of rural population and in 
14,1% of rural population, respectively. More than 75% of diabetics in the rural areas 
and 56% in the town are the new ly diagnosed patients. We found obesity in 30,8% of 
rural and in 30,1% of urban populatioa In female groups the prevalence of obesity 
was found in 39% of rural and 34 % of urban populatioa Obesity was associated with 
dyslipidaemia in 67,2%, with arterial hypertension in 84,9% and with impaired 
glucose intolerance or diabetes mellitus in 56,2%; we found a cluster of these 3 
disturbances in 35,9% of all obese subjects. Isolated obesity was detected only in 
6,5% of the obese in rural and in 10% of the obese in urban populatioa 
Conclusion: Our results are very alarming. The data show a very high risk of 
atherosclerosis and diabetes and its later complications and are more dangerous than 
data from other studied groups. Our results point to the urgent need for an 
introduction of a national program for early diagnosis and prevention of diseases and 
exposure factors in high-risk groups. 
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The Epidemiologic Study of Diabetes in the Elderly during 1996-20000 
CY. Pan, H. Tian, XJJC u, JM. Lu 

Department of Endocrinology , Chinese PLA General Hospital, Beijing, 100853, 
P.R. China 

(Abstract] Objective The aim was to determine the prevalence and incidence of type 2 diabetes 
mellirus(DM) and investigate the epidemiological characteristics as well as associated risk factors in 
the elderly people in Beijing. Method A survey was conducted among 2.239 subjects aged 60 to 90 
who had health examination in PLA general hospital from 1996 to 2000. All the subjects investigated 
have been living in Beijing for at least 5 years. They were interviewed according to a structured 
questionnaire by physicians and trained assistants in department of endocrinology. Fasting plasnu 
glucose(FPG),and pos:chaUenge(steam-bread contained 80 g carbohydrate) plasma glucosc(PPG) 
were measured . The subjects whose PPG were more than 7.2 mmoll. received a standard 75-g OGTT 
with 10-h overnight fast. DM and IGT were diagnosed according to criteria of WHO in 1985. The 
prevalence and incidence of type 2 DM between the WHO criteria and the revised new ADA 
diagnostic criteria was compare! Result Each subject received at least 3 times of frill examination 
during this period. The follow-up rate of cohort population was more than 90%, average follow-up 
duration was 3.7 years. The prevalence of DM increased from 17.7% in 1996 to 28.7% in 2000 
(P<0.0001) and it increased significantly with age (P0.001) .And the new ADA criteria failed to 
diagnose 75% of WHO diabetic patients. The prevalence of IGT increased from 14.0% in 1996 
tol4.8% in 2000(P>0.05). 234 subjects were identified as DM. the incidence for the elderly was 
34.33 1000' 1 year 1 . And 232 subjects were identified as IGT, the incidence was 40.28 1000' 1 year'. 134 
subjects of NGT at baseline had been converted to DM, the transformation rate was 8.8% in 4 years. 
100 subjects of IGT at baseline had been converted to DM, the transformation rale was 35.8% in 4 
years. The rate of transformation to DM was significantly higher in IGT group than that in NGT 
(PO.OOOl). Logistical regression showed FPG, PPG, MAP (mean arterial pressure) and BMI were risk 
factors related to incidence of DM Conclusion the prevalence and incidence of DM in the elderly 
was significantly higher than in general population. Because diabetic subjects associated with 
multiple metabolic disorders, the frequencies of cardiovascular disease were markedly higher in DM 
than those in non-DM population. W'e should emphasize prevention and treatment for DM as well as 
related cardiovascular risk factors. More attention should be paid to PPG in the early screening of DM. 
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Analysis and Evaluation of Diabetes Mellitus in Elderly People by the 
Application of the World Health Organization and American Diabetes 
Association Diagnosis Criteria 
XJ.Xu, CY. Pan, Jf. Tian, JM Lu 

Department of Endocrinology , Chinese PEA General Hospital, Beijing, 100853, 
P.R. China 

[AbiQaal Objective To evaluate chi sensiriviiy and specificity of the V/oitd Health 
OiguniaaiioryWHO) criteru of DM and American Diabetes Association (ADA) criteria of DM when 
ihsv uie applied to elderly people, and to assess die use of fasting plasnu «jlaeose(FPG) alone for the 
screening of DM as detineJ by a 2-hour plasma glucose (PG 2105*11.1 mmol/L following a 75-g oral 
glucose tolerance test (OGTT) und to determine tia: optimal FPG cut-point as well. Method We 
selected 1,204 subjects widaiiit a previous history of DM aged 69 to 90 , and grouped them into 
dit'ferent glucose levels by WHO or ADA criteria according to their standard 75-g OGTT results, *iul 
analyzed the concordance and the discordance between these populations .Ths WHO criteria of 
DM(PG 2h=s 1l.ImmoL’L) was selected as the gold standard .We assessed the variations of sensitivity 
and specificity on ADA criteria of DMlFPG 5 s 7.0minoL'L) and determined ilie optimal FPG 
cut-point in the elderly. Results The prevalence of DM was 3.16% and lo.2S% by FBG criteria and 
PG-2h criteria respectively. 11 ic sensitivity of diagnosed DM was 153% and specificity was 99.2% 
according to ADA criteria. The coincidence percentage under the two criteria was only 15.3% . 
According to WHO criteria ilicre were 196 newly diagnosed DM cases, however only 30 cases were 
diagnosed as DM by ADA criteria in all subjects. The coincidence percentage under IFG and 1GT was 
only 4.5% . The coincidence percentage under NGT andNFG was 98.53%. Tlie optimal FPG cut-point 
of diagnosed DM was 3.5 mmol L in the elderly .wliicli is ulfcctcd by gender, uge, tody nuss index 
(BMI) and the presence of hypertension. Using multiple linear regression analysis to compare the 
relation of t PG to PG2h in the overall subject group, die FPG corresponding to PG2h<7.8mmol'L was 
<5.0int»GlL. Conclusion There was lade of concordance between WHO and ADA criteria in the 
elderly. The ADA criteria could not replace for WHO criteria when it w<is used lo diagnose DM 
patients. And die omission diagnostic rate of ADA criteria would have increased remarkably it iz was 
applied to the elderly population sged 5=70 and DMK25. We suggest that die elderly people with 
FPG 2? 5.0 mnioll should receive standard 75-g OGTT. 
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FASTING PLASMA GLUCOSE IN NON-DIABETIC JAPANESE 
WAS ELEVATED IN LATE 1990S 

M. Shinada 1 , N. Taniguchi 2 , M. Hamada 2 and S. Izumiyama 2 . 
Department of Internal Medicine, Teine Keijinkai Medical Centre 1 , 
Maruyama Clinic 2 , Sapporo, Japan. 

Background and Aims: The life style in Japan has been dramatically 
changed since 1970s mainly because of the changes of eating habit in 
younger generation as well as those in many ethnics. This study is to 
investigate the changes of fasting plasma glucose (FPG), body mass 
index (BMI), serum total cholesterol, triglyceride, uric acid, blood 
pressure. Materials and Methods: 45,606 healthy subjects (aged 20- 
59 years, 14,443 women and 31,163 men) with FPG below 110 mg/dl 
were participated in 1994, 1995, 1997, 1998. ANOVA and lineal 
multiple regression analysis were used as statistical analysis. Results: 
FPG in women and men of every 10 year age groups was elevated 
significantly. FPG in women of 20s from 1994 to 1998 was 
83.2(8.2)mg/dl (mean(SD)) to 87.7(6.8) (p=0.0001); of 30s from 1994 
to 1998 was 86.5(7.1) to 88.7(6.8); of 40s from 1994 to 1998 was 
88.3(7.4) to 91.1(7.4); of 50s from 1994 to 1998 was 89.7(7.9) to 
92.8(7.8) (jxO.0001, respectively). FPG in men of 20s from 1994 to 
1998 was 89.8(7.3) to 93.2(7.1); of 30s from 1994 to 1998 was 
89.8(7.3) to 93.2(7.1); of 40s from 1994 to 1998 was 91.9(7.9) to 
95.2(7.4); of 50s from 1994 to 1998 was 92.0(7.9) to 95.7(7.7) 
(p<0.0001, respectively). Lineal multiple regression analysis showed 
that BMI contributed to the changes of FPG in each age groups 
significantly (p<0.001). Conclusions: These findings indicate that 
FPG was elevated in healthy Japanese population in late 1990s. 
Multivariate analysis confirmed that the elevation of FPG was strongly 
dependent on BMI. 
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Prevalence or Diabetes, according to ADA criteria, and associated risk factors in 
a rural area of Baluchistan province 

Abdul Basil, Khurshid Ahmed, Zafar iqba! Hydrie and Rubina Hakeem. Baqai 
Institute of Diabetology and Endocrinology, Nazimabad-3, Karachi, Pakistan. 

Background and Aims: In other countries it has been observed that use of American 
Diabetes Association's (ADA) criteria shows a lower prevalence of abnormal glucose 
tolerance as compared to WHO criteria. In Pakistan almost all of the major studies 
have assessed the prevalence of abnormal glucose tolerance on the basis of WHO 
criteria only. This study was designed to assess the prevalence of abnormal glucose 
tolerance in a rural area of Baluchistan using the ADA criteria; and to assess the 
prevalence of, and association between selected risk factors for diabetes. 

Materials and Methods: Sixteen randomly selected villages from the Lasbella 
district of Baluchistan were included in this study. All the households located in the 
selected areas were approached and all the family members aged 25 or more, who 
were available and willing to participate in the study were recruited. On the day of 
survey anthroprometric and Blood pressure measurements were taken; interviews 
were conducted to obtain demographic information and health history; and fasting 
blood samples were collected. The blood samples were transported to the laboratory 
and analysed using'Good-Pap' Enzymatic Colourimetric test. 

Results: A total of 670 males and 1362 females were studied. Prevalence rates for 
diabetes in males (10.1%) and females (4.3%) were only slightly lower than those 
studied done in similar areas of Pakistan using WHO criteria (10.2% males, 4.8% 
females). However the rates of IFG (4.2% males, 2.3% females) were much lower 
than the reported rates of IGT (7.4% males, 13% females. 

Overall prevalence of obesity (22% vs 16%), hypertension (12.9% vs 6.5%) and 
positive family history for diabetes (1.6% vs 0.9%) was higher among diabetics as 
compared to non diabetics. However the difference was statistically significant (P at 
least <0.01 in each case) only among females. 

Conclusion: 

Appropriateness of using ADA criteria for screening population at risk of diabetes is 
questioned. Missing a large proportion of people with abnormal glucose tolerance 
would make prevention difficult. The results indicate need of continual use of OGTT 
for screening people at high risk of developing diabetes and perhaps also for 
diagnosing diabetes. 
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The annual incidence rate of diabetes and diabetic complications: A population- 
based study in Tayside, Scotland 

R. McAIpine; Andrew Moms; Alistair EmsH-Smith; Josie Evans. The 
DARTS/MEMO Collaboration, Ninewells Hospital and Medical School, Dundee, 
Scotland. 

Background and Aims: To accurately calculate the incidence rates for diabetes and 
diabetic complications for the population of Tayside, Scotland: A St Vincent analysis. 

Materials and Methods: The Diabetes Audit and Research in Tayside, Scotland 
(DARTS) register was used to identify Tayside patients diagnosed with type 1 or type 
2 diabetes before or during the study period (Jan-Dec 1997). Multiple data sources 
were used to identify patients who developed a pre-defmed diagnosis of a diabetic 
complication during this period. The DARTS register includes information from all 
primary care records extracted retrospectively by research nurses (available for 96% 
of patients), and data from all hospital admissions, all dispensed prescribing, 
biochemistry results, retinal screening and diabetes clinics. The rates of incident (i.e. 
first) microvascular and macrovascular complications were calculated for both type 1 
and type 2 diabetes. 

Results: In a population of 385,774 people, there were 917 and 6,613 patients with 
type 1 and type 2 diabetes and a further 22 patients diagnosed with type 1 and 672 
patients diagnosed with type 2 diabetes in 1997, giving annual incidence rates of 5.82 
per 100,000 persons and 177.66 per 100,000 persons respectively. The rates of 
diabetic complications per 1000 patients for type 1 and type 2 diabetes respectively 
were: Registered blindness 1.06, 3.84, End stage renal failure 3.19, 0.41; Lower limb 
amputation 2.13, 2.33; Peripheral vascular disease 4.26, 10.30; Angina 6.39 15.93; 
Hypertension 17.04, 24.98; Myocardial infarction 4.26, 8.78; Stroke 4.26, 10.03. 

Conclusions: These are the first United Kingdom data to give accurate incident rates 
of diabetes and of St Vincent complications. The low incident rates for microvascular 
complications in particular would make it difficult to detect reductions with statistical 
significance. Population-based definition of diabetes-related outcomes is possible 
using co-ordinated clinical information technology. 
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Incidence of impaired fasting glucose, impaired glucose tolerance and type 2 
diabetes in a German risk population: the RIAD study 

C. Koehler, E. Henkel, T. Temelkova-Kurktschiev, K. Fuecker* and M. Hanefeld, 
Centre for Clinical Studies GWT; * Institute for Clinical Metabolic Research, 
Technische Universitaet Dresden; Germany 

Background and Aims: Only scarce information exists about incidence of impaired 
fasting glucose (EFG) and impaired glucose tolerance (IGT) in European risk 
populations for diabetes. The same applies for the contribution of IFG to the risk of 
subjects with IGT. We therefore investigated the incidence of these categories among 
participants of the Risk Factors in IGT for Atherosclerosis and Diabetes Study 
(RIAD). 

Materials and Methods:At baseline a 75 g standard OGGT was performed in 1139 
middle-aged subjects (40-70 years) at risk for the development of diabetes, such as 
family history of type 2 diabetes (55.1%), obesity (52.7%) and/or hyper- or 
dystipoproteinemia (39.1%). Exclusion criteria were known diabetes and drugs 
affecting glucose tolerance. After an average follow-up time of 2.9 years in 548 
subjects a second OGTT was performed. Plasma glucose was measured by the 
hexokinase method. 

Results: We classified the participants by the results of the baseline OGTT according 
to WHO criteria in type 2 diabetes (DM2) (n=65), impaired glucose tolerance (IGT) 
(n=38), impaired fasting glucose (IFG) (n=85), in the combination IFG/IGT (n=35) 
and normal glucose tolerance (NGT) (n=325). Subjects with NGT at baseline showed 
a conversion rate to IFG of 1.3% per year, 3.9% to IGT, 0.5% to IFG/IGT and 0.6% 
to DM2. Participants with isolated IFG at baseline converted in 2.4 % per year to 
DM2. Subjects with isolated IGT had a yearly conversion rate to to DM2 of 2.7% and 
those with baseline IFG/IGT combination changed in 9.9% per year to DM2. 

Conclusions: Subjects on risk for diabetes by positive family history and/or diseases 
of the metabolic syndrome with NGT nevertheless have a high rate to convert to IFG, 
IGT or DM2. The combination IFG/IGT in the examined population has a four times 
higher rate to convert to diabetes than isolated IFG or IGT. 
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Gender differences in the relationship between fasting and 2-hour glucose levels 
in Mauritius 

J.W. Williams, J.E. Shaw, P.Z. Zimmet, M.P. de Courten, P.Chitson, J.Tuomilehto 
and K.G.M.M. Alberti 

International Diabetes Institute, Melbourne, Australia, World Health Organization, 
Geneva, Ministry of Health and Quality of Life, Mauritius, National Public Health 
Institute, Helsinki and Department of Medicine, University of Newcastle, Newcastle 
upon Tyne 

Background and Aims: It is already apparent that there are significant differences 
between IFG and IGT, both in their respective prevalences within a population, and in 
the classification of individuals. Furthermore, it would also appear that there might be 
some sex differences, with IGT being more common in women and IFG more 
common in men. This study compared the prevalence of various categories of 
glucose tolerance in the population of Mauritius stratified by sex and investigated 
possible explanations for the apparent gender differences. 

Materials and Methods: A total of 6,098 individuals from the three main ethnic 
groups in Mauritius participated in a community-based cross-sectional survey in 
1998. Categories of glucose metabolism were determined by an OGTT. Other 
cardiovascular risk factors were assessed. 

Results: Diabetes prevalence and the prevalence of co-existing IFG with IGT were 
similar for males and females. Men were twice as likely to have isolated IFG than 
were women (4.1 vs 2.0%, respectively). Conversely, the prevalence of isolated IGT 
was significantly higher in women than men (12.1% vs 8.6%). Among non-diabetic 
individuals, the mean age-adjusted fasting glucose values were 5.2 and 5.1 mmol/1 
(p<0.001) in males and females respectively and the mean 2-hour glucose values were 
5.9 and 6.5 mmol/1 (p<0.001). For any given level of fasting plasma glucose the 2- 
hour plasma glucose was significantly higher in females than males. Even after 
adjustment for measures of obesity, lipids and insulin these differences remained. 
Conclusions: In Mauritius the distribution of categories of impaired glucose 
metabolism differs by sex. This seems to be driven by a difference in the relationship 
between fasting and 2-hour glucose values in men compared to women. The 
observation that IFG is more prevalent in males and IGT more prevalent in females 
raises important questions about their underlying aetiology and the ability of the 
current glucose thresholds to identify high-risk categories equally amongst men and 
women. 
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PROGNOSTIC VALUE OF FASTING AND POSTPRANDIAL GLYCAEMIA IN 
OFFSPRING OF PARENTS WITH CONJUGAL TYPE 2 DIABETES. 

K. Jaskolska-Ladosz, T. Kasperska-Czyzyk, Central Clinical Hospital 
MSWA, Warsaw', POLAND 

Background and Aims: The offspring of parents with conjugal type 2 diabetes 
is particularly useful for comparing the prospective value of IGT according to 
the WHO-1985 criteria and IFG by the ADA-1997 guidelines. Material and 
Methods: In the group of 77 subjects (34 men and 43 w'omen) aged 18-59 yrs 
(mean age 38±0,8[SEM]) whose both parents had type 2 diabetes , the OGTT 
was performed at a 5-year-interval, comprising the determination of glycaemia 
(whole venous blood)and serum insulin (RIA), as well as the measurement of 
fasting serum lipid profile. Results: In the preliminary assessement in 4 subjects 
a previously unknown diabetes W'as discovered and they were excluded from 
further study; 17 subjects had IGT and three out of those also IFG. The isolated 
IFG was diagnosed only in one person. Five years later, diabetes developed in 4 
subjects (including one person with a previously diagnosed IFG), the number of 
subjects with IGT increased to 22, and IFG was diagnosed in 9 subjects in 
whom it was associated with the increase of 2h blood glucose of the OGTT. At 
that time, remission was observed in one person with IFG and in two subjects 
with IGT; the IGT person differed from those with normal glucose tolerance 
(31) by age (44,6±1 vs 41,3±1 yrs, p=0,027), fasting glycemia (5,1 ±0,12 vs 
4,5±0,10 mmol/1, p=0,0004), 2h serum insulin level of the OGTT (0,61 ±0,09 vs 
0,36±0,05 nmol/1, p=0,019)and insulin resistance (Homa IR scores: 2,59±0,23 
vs 2,07±0,16, p=0,035). It is noteworthy that the IGT subgroup with normal 
fasting blood glucose differed significantly from the IGT subgroup associated 
with IFG by higher 2h serum insulin level of the OGTT (0,71 ±0,12 vs 
0,34±0,08 nmol/1, p=0,039) and a lower HDL Chol/Total ratio (19±1 vs 23 ±2, 
p=0,047). Conclusions: In offspring of parents with conjugal type 2 diabetes 
IGT occurs earlier and more frequently than IFG and that the increased 
postprandial glycemia is significantly associated with decreased insulin 
sensitivity. 
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IMPORTANCE OFTWO-IIOUR PLASMA GLUCOSE IN OGTT 
C. Ilo, M. Kataoka, S. Ishida, R. Maeda and H. Sasaki, Hiroshima A-Bomb 
Casualty Gouncil Health Management Center, Senda-machi, Hiroshima, Japan 
Aims: This study was made to clarify necessity of OGTT using along-term 
follow-up observation. Methods: Subjects were a cohort of 20,685 persons who 
received OGTT in 1968 - 1998. Results: 1) Comparison of the trend of FPG and 
2-h PG between DM development and control groups. FPG elevated from 12 years 
prior to onset, but the difference between the two groups is small, being almost 
within normal limits until one year before onset. 2-h PG was evidently high from 
11 years prior to onset. As for the trend of insulin resistance, an evident increase 
was observed from 7*8 )ears prior to onset in obese group andgradually increased 
toward onset. In the no&obese group, it increased from 10-11 years prior to onset 
and continued until onset. 2) Effects of FPG or 2-h PG in OGTT on CUD 
mortality FPG or 2-h PG in OGTT were analyzed. FPG was classified into 4 
groups, and furthermore each group was classified into two groups by 2-h PG 
<140 and ^ 140 mg/dl. CHD mortality was 20-21/10,000 PY when 2-h PG w'as 
<140 mg/dl in all FPG groups. However, in the groups with 2-h PG^ 140 mg/dl in 
all FPG groups, the mortality was significantly elevated, indicating that CHD 
mortality is related to 2-h PG in OGTT. With elevation of 2-h PG, CHD mortality 
gradually increased, but 170-199 group showed 1.8-fold increase in comparison 
with 140-169 mg/dl group. CHD mortality is related to 2-h PG in IGT cases, but 
IFG was not a high-risk group. 3) Pulse wave velocity (PWV) is clinically 
employed for determining arteriosclerosis.The difference between each case and 
normal was expressed as A PWV. There was hardly any difference in A PWV 
when 2-h PG were <140, but from 140 mg/dl there was an evident increase and 
thereafter it showed a linear increase with 2-h PG. This suggests that with 
elevation of PG, arteriosclerosis is accelerated. It is demonstrated that A PWV is 
related to blood pressure, EIRI ( fasting - 2-h), and TG. Conclusion: Even in the 
Japanese, IGT is a high-risk group of arteriosclerosis, but IFG is not. OGTT is 
very important for primary prevention of not only DM but also arterioslerosis. 
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Fasting plasma glucose predicted but also undervalued type 2 diabetes incidence 
among high-risk Spanish individuals 

B. Costa, JL Pifiol, A. Donado, F. Martin, J. FerrS and IGT Research Group. Catalan 
Health Institut. Reus-TarTagona Primary Care Division-Diabetes Unit. M6ra d’Ebre 
County Hospital. Catalonia, Spain 

Background and Aims: Data on the predictive role of fasting (FPG) and postload 
(2hPG) non-diabetic hyperglycaemia with respect to diabetes incidence are reported 
by means of a prospective multicentre (10 primary health-care centres) cohort study. 
Materials and Methods: Undiagnosed subjects aged>40 y. with one or more risk 
factors were screened according to the WHO rules (75g oral glucose tolerance test) to 
measure FPG and 2hPG. Two diabetes-free cohorts (n=243) with FPG<7.8mM and 
2hPG<l l.lmM were evaluated for 37.2 month (4.3-69.7) median follow-up. Impaired 
(IGT) and normal (NGT) glucose tolerance cohorts received an educational advice on 
dietetics and cardiovascular health. Index and probability of diagnostic variation 
(Kaplan-Meier and Cox proportional model) were assessed. 

Results: IGT cohort (n=137) differed from NGT cohort (n=106) as for age (61.1/57.9; 
p<0.02) but neither for sex or BMI, nor for overall risk factor impact. At study close, 
63 subjects (25.9%) developed diabetes, 43 with baseline IGT (31.4%) and 20 with 
NGT (18.9%). Mean annual incidence was 9.2% (14.2% for IGT and 5.3% for NGT). 
Using FPG as the main diagnostic criterion only 30 from 231 non-diabetic subjects 
(13%) developed the disease, 21 (38.2%) with impaired FPG (IFG) and 9 (5.1%) with 
normal FPG. Mean annual incidence would have been 4.6% (15.7% for IFG and 1.7% 
for normal FPG). Results from proportional hazards regression model indicated that 
hyperglycaemia was the most relevant predictive factor. Multivariate analysis 
evidenced no predictive value as for age, sex, BMI and classical risk factors. 

The risk of developing diabetes at follow-up increased with increasing baseline FPG 
[OR=2.46 (1.78-3.40)] and 2hPG [OR-1.24 (1.08-1.42)]. Paradoxically, FPG interval 
that defines IFG category [6.1,<7] mM failed to predict diabetes [OR=l,29 (0.87- 
1.92)] compared to 2hPG interval [7.8,<11.1] mM that defines IGT category 
[OR= 1.88 (1.41-2.51)]. 

Conclusions: FPG value surpassed 2hPG value as a predictor for the disease but also 
undervalued diabetes incidence. However, IGT diagnostic interval predicted diabetes 
incidence better than IFG interval. These findings suggest that a lower IFG limit 
(<6.1mM) would probably define a group at risk closer to the IGT group. 
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IFG AND IGT: CLINICAL STAGES OR DIFFERENT PHYSIOPATHOLOGIC 
PHENOMENA? 

R. Lichiardopol Clinic of Diabetes, Nutrition and Metabolic Diseases, “N. Malaxa” 
Hospital, Bucharest,Romania. 

Background and Aims: The new classification of diabetes, released by American 
Diabetes Association and The World Health Organization, identified Impaired Fasting 
Glycemia (IFG) as fasting and Impaired Glucose Tolerance (IGT) as postprandial 
abnormalities of glucose regulation. Although a number of subjects classified as 
having either IFG or IGT by one parameter are normal by the other, the metabolic 
differences between IGT and IFG are not clearly established. The aim of our study was 
to identify some clinical and metabolic differences between IFG and IGT. Materials 
and Methods: In a group of seventy-five subjects with varying stages of abnormal 
glucose tolerance, investigated by a standard 75 g OGTT, twenty-one subjects who 
met the criteria for IGT or diabetes only by 2h plasma glucose values (group A: 17 
IGT and 4 diabetes) and seventeen subjects who met the criteria for IFG or diabetes 
(group B: 13 IFG and 4 diabetes) only by fasting glucose values were identified. The 
differences in general characteristics and metabolic parameters between the two 
groups were evaluated. Results: There were no significant differences regarding mean 
(±sem) values for age (58.3±2.4 vs. 59.811.8 years), BMI (31.3±1.8 vs. 3!.2±1.2), 
systolic (143.1±4.9 vs. 151.0±4.9 mm Hg) and diastolic (82,3±2.8 vs. 87.3±2.9 mm 
Hg) blood pressure between A and B group. The sum of plasma glucose values during 
OGTT was slightly greater in A group (26.4±0.7 v$.24.9±0.5 mmol/L; p=0.097) but 
the difference was not significant. As compared to A, the B group was characterized 
by greater fasting glucose values (6.7+0.09 vs. 5.610.07 mmol/L; p<0.001). The A 
group had greater 2h OGTT (9.910.4 vs. 6.510.2 mmol/L; p<0.007) glucose values. 
The difference between groups in the mean increase of plasma glucose, above the 
basal levels, Ih after glucose load (5.010.4 vs. 5.410.4 mmol/L; p= 0.53) was not 
significant. The mean decrease of plasma glucose 2h after glucose load (vs. 1 h values) 
was reduced (1.310.2 vs. 5.310.4 mmol/L; p<0.01) in A group. These data suggest that 
while a reduced clearance of the oral glucose load characterized group A, the increase 
in endogenous glucose production was predominant in B group. In conclusion, IFG 
and IGT may reflect different physiopathologic phenomena and not different stages of 
the same disease process. 
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RISK FACTORS OF POSTTRANSPLANT DIABETES MELLITUS 
FOLLOWING ALLOGENEIC BONE MARROW TRANSPLANTATION 

E. Oh, K.Oh, W.Lee, K.Yoon, MKang, B.Cha, K.Lee, H.Son, S.Kang, and C.Kim. 
Department of Internal Medicine, The Catholic University, Seoul, Korea 

Background and Aims: To investigate the clinical characteristics and possible risk 
factors for posttransplant diabetes mellitus (PTDM) following allogeneic bone 
marrow transplantation (BMT) 

Materials and Methods: A total of 490 patients received allogeneic BMT at 
StMary's hospital during 1993-1999. We included that patients whose fasting glucose 
level was above 7.8 mmol/1 at least 3 times and required insulin treatment to avoid the 
transient glucose intolerance due to steroid use. Age, sex, body mass index, mean 
daily steroid dosage, mean daily cyclosporin dosage, incidence of graft versus host 
disease (GVHD), incidence of cytomegalovirus (CMV) disease, fasting plasma 
glucose concentration, serum lipid profiles, and HLA phenotypes were retrospectively 
examined in 15 PTDM patients and 68 non-diabetic patients folowing allogeneic 
BMT. 

Results: Among 490 allogeneic BMT, PTDM developed in 15 patients (3.1%). The 
mean duration from BMT to onset of PTDM was 26.6 +/- 33.9 days. Mean daily 
steroid dosage, incidence of GVHD, and incidence of CMV disease were significantly 
higher in PTDM group [55.9+/-32.9 vs 22.5+/-21.2 mg (p=0.002), 53.5 vs 11.8% 
(p-0.001), 33.3 vs 3.8% (p=0.004), respectively]. Among HLA phenotypes, the allele 
frequency of HLA-DR52 and DR53 were observed only in PTDM patients. At the 
onset of PTDM, fasting serum glucose, total cholesterol, and LDL-cholesterol 
concentration were significantly elevated than those observed in pre-BMT state 
[11.95+/-3.23 vs 5.73+/-0.62 mmol/1 (p<0.001), 5.03 +/-1.48 vs 3.73+/- 1.01 mmol/I 
(p=0.013), 2.58+/-1.25 vs 1.55+/-0.79 mmol/1 (p=0.(M0)]. 

Conclusions: We conclude that PTDM following BMT frequently develops in 
patients with high-dose steroid treatment, occurrence of GVHD, and HLA-DR52 and 
DR53 phenotypes. This study suggested that high-dose steroid therapy, mainly due to 
GVHD, might be the critical factor in the onset of PTDM following allogeneic BMT 
and that the risk may be affected by HLA-DR52 and DR53 phenotypes. 
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Prevalence of Glucose Intolerance/Diabetes Mellitus (ADA CRITERIA 1997), 
Obesity and Related Metabolic Disturbances in Spanish Population, 

N1.T. Martinez Larrad, M. Serrano-Rios, R. Gabriel, S. VegaJ 5 . Horcajo, M Pladevall, 
J.A. Gomez Gerique, J. Muftiz, F Soriguer on behalf of Insulin Resistance Study Group. 
Hospital Clinico San Carlos. Madrid, Spain. 

Background and Aims: To investigate the relationships between Glucose Tolerance, 
obesity related anthropometric parameters : Body Mass Index (BMI), Sagittal Abdominal 
Diameter (SAD), Waist/Hip ratio (W/H), fasting insulin(FSI) and 2 hours (Ins 2hrs) post¬ 
glucose, fasting pro insulin (Prol)and 2hrs (ProI2hrs), fasting Leptin (Lep) and 2hrs 
(!ep2hrs). Insulin Resistance (IR), lipid profile, and blood pressure measurements. 
Material and Methods: 2929 individuals recruited from nine Communities Nationwide, 
aged 35 -64 yrs. (Females (F): 54.7%, Males (M): 45.3%). Type 1 DM were excluded . 
A) Anthropometric measurements: BMI, SAD, W/H ratio. B) Laboratory: parameters 
assayed: Glucose Tolerance Test (75gr.), Lipid profile [Cholesterol (CT), HDL- 
Cholesterol (HDC-C), Triglycerides fTG)]. FSI (mU/ml), Ins 2hs (mU/ml), Prol (pM/1) 
and Lep (ng/mlXmeasured by LIN CO RIA). Insulin Resistance (IR) estimated as FSI > 
fourth quartile in the general population. Statistical analysis: Student's test, ANOVA and 
multivariate logistic regression analysis (MLRA). 

Results: l)GIucose Tolerance: Diabetes Mellitus (DM) 7.1%, Impaired Glucose Tolerance 
(IGT) 7.0%, Impaired Fasting Glucose (IFG) 6.0%. 2) Obesity related parameters: mean 
BMI 27.86 (±4.44), prevalence obesity (BMI *30): 31.9%, SAD 22.46(±3.85), W/H was 
0.94(±0.07).3) Insulin, Proinsulin, Leptin: mean values FSI 13 (±10) mU/ml, Ins 2hs 
28(±27) mU/mJ, Prol 12 (±14) pMoI/1, Lep 12 (±11) ng/ml. 4) Lipid profile: CT 222 (±42) 
mg/di, HDL-C 51(±13) mg/dl, TG 120 (±85) mg/dl.5) Blood pressure: systolic (SBP) 128 
(± 21)mmHg, diastolic (DBP) 80 (±12)mmHg. A BMI and SAD positive association with 
FSI, Prol and Lep were found. Obese subjects presented 34% more IFG and 46% more 
DM regardless SAD, sex, age. Individuals with Insulin Resistance (IR) presented 79% 
more IFG, 53% more IGT and 63% more DM. M presented 41% more DM than F. 
Subjects with IR presented higher leptin levels (43%) as compared to non IR. 
Conclusions: Prevalence by ADA CRITERIA in Spanish population was IFG 6.0%, IGT 
7.0% and DM 7.1%. Individuals with IR presented a higher atherogenic risk estimated by 
lipid profile in IFG and DM as compared to non IR. The prevalence of IFG and IGT was 
higher in individuals * 45 yr. Obese subjects presented higher prevalence of DM. In IR 
subjects the prevalence of DM was 48.4%, 41.2 % IGT, 44.5% IFG; likewise individuals 
with IR had higher blood pressure values. 
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Diabetes Mellitus and Idiopathic Haemocbromatosis - A Prospective Study 
Sen S., Ramlingam S., Walsh C.H. 

South Iiffinnaiy-Victoria Hospital, Cork, Ireland. 

Background and Aims: Diabetes Mellitus (DM) and Idiopathic Haemachromatosis 
(I.H) have long been associated Sheldon (1935) and Niederau (1986) in a large series 
of patients with IH recorded DM in 80% and 54% of cases respectively.Others 
propose that DM in IH may be associated with insulin resistance and infrequent 
complications and that iron depletion leads to reducedinsulin requirement Because 
early diagnosis of IH is now’ common, resulting in changing clinical features, we have 
prospectively studied a group of patients with IH and DM to see if above observations 
are still valid 

Materials and Methods: 150 patients with IH were followed up for 17 years. 

Results: 38 (25.3%) suffered from DM;mcan age at diagnosis of DM was 62 years; 
mean age of duration of DM is 4 years. 22.8% have hepatic cirrhosis. In 34 cases 
(89.5%) the diagnosis of DM preceded or coincided with that of IH. 13 patients 
treated with diet, 15 with oral agents, 5 with insulin and oral agents and 5 on insulin 
alone. Iron depletion was followed by reduced insulin requirement in only 2cases. 
Retinopathy occured in 37%, neuropathy in 24%,proteinuria in 24%. Macrovascular 
disease was common; ischemic heart disease 18%, peripheral vascular disease 18%, 
cerebrovascular disease 11%, hypertension 55%. 

Conclusion: Our observations suggest that DM occurs much less frequently in IH 
than prcviosly recorded Both macrovascular and microvascular diseaseare frequent 
complications and iron depiction rarely affects management of DM. 
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PREVALENCES OF OBESITY AND CENTRAL OBESITY IN' A CANARIAN 
COMMUNITY: ASSOCIATION WITH TY PE 2 DIABETES MELLITUS. 

P.L. de Pablos Velasco, F.J. Martinez-Martin, F. Rodriguez-Perez*, C. Santana- 
Acosta, V. Sanchez-Moro, I. Garria-Puente, M.P. Marrinez-Murado. Endocrinology 
and ^Quality Depts., Hospital General Doctor Negrin, Las Palmas de Gran Canaria, 
Spain. 

Background and Aims: In our community the prevalence of type 2 diabetes mellitus 
is 19.7%, among the highest ever reported in Caucasian populations. Obesity, 
especially central obesity, is a paramount risk factor for type 2 diabetes mellitus.We 
sought to estimate the prevalences of obesity and central obesity and their association 
with type 2 diabetes mellitus in our community. 

Materials and Methods: A random sample of 900 subjects over 30 years old 
(stratified by age and sex) was studied: data on age, sex and medication use were 
obtained, height, w eight and waist perimeter were measured and standard oral glucose 
tolerance tests were performed. Subjects with a body mass index above 30 kg/m2 
were considered obese. Women with a waist perimeter above 88 cm and men with a 
waist perimeter above 102 cm were considered centrally obese. 

Results: A total of 691 subjects were studied. The mean response rate was 76.8%. 
The response rate was similar in all age and sex groups. The prevalences of 
obesity/central obesity were 36.5%/66.5% in women and 23.6%/32.0% in men These 
prevalences are among the highest in Europe. Bivariant analyses show a strong 
association of both obesity and central obesity with type 2 diabetes mellitus 
(p<0.001), but in a multivariate mode!, waist perimeter (p<0.001) but not body mass 
index (p=0.2I2) was retained as an independent predictor of type 2 diabetes mellitus. 

Conclusions: The prevalences of obesity, central obesity and type 2 diabetes mellitus 
in our community are extremely high. Although both obesity and central obesity are 
associated with type 2 diabetes mellitus, central obesity is a better predictor of type 2 
diabetes mellitus than obesity. 
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NATIONAL DIABETES PREVENTION PROGRAMME IN POLAND: HIGH 
PREVALENCE OF METABOLIC DISORDERS IN URBAN POPULATION 
J. Drzewoski, M. Saryusz-Wolska, J. Ruxer, and L. Czupryniak. Diabetology and 
Gastroenterology’ Department, Medical University of Lodz, Lodz, Poland 
Background and Aims: In 1997-2000 a part of the National Diabetes Prevention 
Programme, an epidemiological study on type 2 diabetes, was conducted in the 
Central District of Lodz, Poland. The aim of this study was to assess the prevalence 
of type 2 diabetes and related metabolic disorders in a Centra! European urban 
population, in the context of the rising diabetes incidence worldwide. Materials and 
Methods: 6000 randomly chosen inhabitants of the Lodz Central District aged >35 
years were invited by mail to participate in the study. In all subjects a personal and 
family history of diabetes, obesity, and cardiovascular disease were taken. Body 
weight, height, waist and hip circumferences were measured. Fasting blood glucose 
and lipid profile were assessed. In non-diabetes subjects an oral glucose tolerance 
test (75 g) according to the WHO protocol (OGTT) was performed. Results: 2018 
persons (1217 [60.3%] female and 801 [39.7%] men) took part in the study, mean 
age 58.2 yrs (response rate 33.6%). 179 (8.9%) subjects had already diabetes 
diagnosed. In non-diabetes group fasting plasma glucose >7.0 and <7.8 mmol/I was 
found in 68 (3.4%) persons, and £7.8 (2.6%) mmol/I - in 53 subjects. OGTT was 
performed in 1574 (78%) subjects. 342 (16.9%) of them had impaired glucose 
tolerance (1GT) and 138 (6.8%) were diagnosed as having diabetes, which yielded 
the total prevalence of diabetes 15.7%. 108 out of 134 (78.3%) newly diagnosed 
diabetics had fasting plasma glucose <7.0 mmol/1. Body mass index £25 kg/m 2 was 
noted in 1432 (71%) subjects, and £30 kg'm 2 - in 626 (31%) persons. Total 
cholesterol £5.2 mmol was found in 1170 (58%) subjects and triglycerides £1.7 
mmol/I - in 1392 (69%). Conclusions: The prevalence of metabolic disorders in a 
Centra! European urban adult population is strikingly high. Almost three out of four 
subjects had excessive body weight, and this phenomenon was associated with 
concomitant high rate of diabetes and lipid disorders. As the rate of the previously 
undiagnosed diabetes was higher than that of known cases, active attitude towards 
diabetes screening in general population is strongly recommended, with the 
preferred use of OGTT. In general, exceptionally high prevalence of metabolic 
disturbances in urban population calls for a diabetes-like national metabolic 
disorders prevention programme. 


424 

Insulin resistance is accompanied by increased von WBIebrand factor levels in 
non-diabetic women: A study of offspring of Type 2 diabetic subjects compared 
to offspring of non-diabetic subjects. 

C. Hauerslev Foss, E. Vestbo, A. Froland, J. Ingerslev, H.J. Gjessing, C.E. Mogensen, 
E.M. Damsgaard. 

Medical Dept, Fredericia Hospital; Geriatric Dept C and Medical Dept M, Aarhus 
University Hospital, Denmark. 

Background and Aims: Von Willebrand factor (vWF) and fibrinogen are 
haemostatic factors associated to the increased risk of cardiovascular disease seen in 
diabetes. The aims were to examine w hether levels of von Willebrand factor (vWF), 
fibrinogen are related to a parental history of Type 2 diabetes and to determine 
possible explanatory factors for high versus low vWF and fibrinogen. 

Materials and Methods: In this cross-sectional study we compared plasma vWF and 
fibrinogen in 88 non-diabetic offspring of Type 2 diabetic subjects (relatives) and 103 
offspring of non-diabetic subjects (controls). With multiple logistic regression we 
determined explanatory factors for high versus low vWF and fibrinogen. An estimate 
of insulin resistance was calculated using the homeostasis model assessment (HOMA 
model). 

Results:There were no significant differences in vWF (1.12 IU/ml vs. 1.06 IU/ml, 
p=0.296) or fibrinogen (3.2 g/1 vs. 3.1 g/I, p=0.263) between relatives and controls. 
Age (p< 0.01), urinary albumin excretion rate (p<0.05), ischaemic heart disease (IHD) 
(p<0.05) were found to be significant explanatory factors for vWF above the median 
(1.10 IU/ml). Interaction between insulin resistance (HOMA model) and sex was 
found. Odds ratio for high versus low insulin resistance was 18.39 (p<0.001) for 
women and 1.92 (p=0.32) for men. BMI (p<0.05), sex (p<0.01), smoking status 
(p<0.05) and IHD (p<0.01) were significant explanatory factors for fibrinogen above 
the median (3.1 g/1). 

Conclusions: Levels of vWF and fibrinogen were not influenced by a parental 
history of Type 2 diabetes. Insulin resistance was found to be a significant risk 
indicator for high vWF only in women. This may indicate that insulin resistance is a 
higher risk factor for women than for men, when the outcome is endothelial 
dysfunction possibly resulting in oven cardiovascular disease. 
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PREVALENCE OF COMPONENTS OF INSULIN RESISTANCE SYNDROME 
IN SUBJECTS WITH ARTERIAL HYPERTENSION-POPULATION BASED 
STUDY. 

M.KowTach, J.Taton and A.Czech 

Chair and Department of Internal Diseases and Diabetology. Warsaw Medical 
University 

Assumption: Insulin resistance syndrome consists of several interconnected 
elements: disturbances of glucose and lipid metabolism, tendency to thrombosis, 
abnormal concentration of uric acid. The number and intensity of syndrome 
components are variable. Aim: Estimation and analysis in the representative 
group of hypertensive subjects selected from the defined population of the 
prevalence of: glucose abnormalities according to ADA classification; insulin 
levels > 15 mIU/1, hypertriglicerydemia >1,61 mmol/1; levels of HDL <1,0 
mmol/I; LDL >4,14 mmol/1. Two subgroups: persons with and without arterial 
hypertension were statistically compared. Groups under study: The whole cohort 
under study was composed of 833 cases aged over 45; 44,4% of them were 
normotensive and 55,6% hypertensive. Results: In the hypertensive versus 
normotensive subgroup significantly higher prevalence of glucose metabolism 
disturbances were found: increased fasting glycemia 2,2% vs. 1,1%; impaired 
glucose tolerance 11,3% vs. 5,6%; diabetes mellitus type 2 10,4% vs. 
7,0%(p<0,05). Comparison of hypertensive and normotensive groups revealed 
also significant differences in serum trig!ycerides>l,6 mmol/1-39% vs 29,4% 
(p<0,05); LDL cholesterol >4,1 mmol/1-40,4% vs 31% (p<0,05); HDL cholesterol 
<1,0 mmol/1 14,7% vs 13,2% (p>0,05); serum fasting insulin levels >15 mIU/I 
12,8% vs 11,3% (p>0,05).Conclusions: Persons with hypertension have 
significantly higher prevalence of glucose metabolism abnormalities -present in 
23,8%; of triglycerides > 1,61 mmol/I-present in 39,0%; of LDL >4,14 mmol/1* 
present in 40,4% as compared to normotensive persons. There were no important 
differences between analyzed subgroups frequencies of HDL< 1,0 mmol/I and 
insulin levels>15,0 mIU/1. On this basis the need for special metabolic approach 
in the hypertensive subjects should be considered. 
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INSULIN RESISTANCE AND HEMOSTATIC FACTORS: FREQUENCY 
AND DISTRIBUTION IN A WELL DEFINED POPULATION 
Kuczerowski R., Taton J., Czech A., Kowrach M. 

Department of Internal Medicine and Diabetology', Medical University in 
Warsaw, Poland 

Assumptions . Insulin resistance in the presence or absence of 
hyperglycemia, acts as independent cardiovascular risk factor. One may assume, 
that one of the possible links underlying this phenomenon is the activation of the 
atherogenic procoagulatory state. 

Aims . For this reason the study of insulin resistance in the well 
defined population was undertaken. The aim was to determine frequency and 
distribution of insulin resistance, hemostatic factors and to examine correlations 
between these variables. The sample of 269 subjects was selected by the 
demographic, proportional method representing therefore the natural population 
structure. Standariscd clinical examination was performed in all cases. 

Methods . Laboratory tests included determination of blood glucose 
(glucose oxidase method), insulin (IRMA, Polatom), C-pcptidc (Biodata), 
fibrinogen (Biopol), t-PA (ImmuIyse-t-PA, Biopol), PAI-1 (Biopol). Insulin 
resistance was asscscd by the HOMA Index supported by Bcrglunds Insulin 
Sensitivity Index. 

Results . HOMA index characteristic for insulin resistance was found in 
26% and Bcrglunds Index in 6.3% of cases. Fasting hypcrinsulincmia was 
present in 15.2% of persons under study. The mean values for fibrinogen was 
241.4 ± 50.8mg/dl, for t-PA 8.71± 6.31 ng/ml, for PAI-1 I1.66± 9.58 ng/ml, for 
PAI-1 activity 12.03 ± 9.33U/ml,. Mean values of fibrinogen, t-PA and PAI-1 
serum concentration and activity were significantly higher in the subgroup with 
insulin resistance, than in general population. Statistically valid negative 
correlations between Insulin Sensitivity Index and t-PA and PAI-1 w ere found 
in whole population. Statistically significant correlation between HOMA Index 
and PAI-I and t-PA was also found. 

Conclusions. Correlation between insulin resistance and hemostatic 
factors as found in the defined population represent the important mechanism 
in the pathogenesis of atherosclerosis. Its early diagnosis may serve as the basis 
for intervention. 
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Obesity, body fat distribution and hyperinsulinaemia in the development of 
multiple metabolic syndrome in the San Antonio Heart Study. 

T.S. Han, K. Williams, M.P. Stem, M.E.J. Lean, S.A. Haffner. Department of 
Medicine, University of Texas Health Science Center at San Antonio, 7703 Floyd 
Curl Dr., San Antonio, TX 78229-3900 

Background and Aims: Using body mass index (BMI), waist circumference, waist to 
hip ratio and insulin levels to predict the development of metabolic disorders which 
include dyslipidemia (triglycerides >=2.26 mmol/1 or HDL cholesterol =<0.91 mmol/1 
in men, =<1.17 mmol/1 in women), hypertension (systolic or diastolic blood pressure 
>=140 or >=90, respectively), and type 2 diabetes (fasting or two-hour test glucose 
>=7.0 or >=11.1 mmol/I respectively, or medications for diabetes). 

Materials and Methods: Seven year longitudinal study of 246 male and 301 female 
non-Hispanic Whites and 435 male and 660 female Mexican Americans, aged 25 to 
64 years, from the second cohort of the San Antonio Heart Study, Texas. 

Results: Adjusting for age, ethnicity and lifestyle, the risks of developing multiple 
metabolic syndrome (any two or more of the metabolic disorders) were 3.7 (95% 
confidence interval: 2.0 to 6.7) in men and 8.3 (4.7 to 14.6) in women with BMI >=30 
kg/m2 compared to those with BMI <25 kg/m2. Compared to men and women with 
waist circumferences below 94 cm and 80 cm, respectively, men with waist >=102 cm 
were 2.8 (1.6 to 4.9) times and women with waist >=88 cm were 5.9 (3.6 to 9.8) times 
more likely to develop the syndrome. People with high waist to hip ratio and insulin 
levels were also at significant risk of developing metabolic disorders. High 
anthropometric indices remained significant predictors of metabolic disorders after 
additional insulin adjustment. After seven years, 33% of subjects who had a 
combination of high BMI (>=30 kg/m2) and high waist circumference (>=102 cm in 
men and >=88 cm in women) developed multiple metabolic syndrome, compared to 
20% of subjects with either a high BMI or a high waist, and 10% of subjects with both 
low BMI and low waist. 

Conclusions: These findings support the National Institute of Health recommendation 
for weight management in people with high body mass index and large waist 
circumference, who should seek professional help to reduce the high risk of 
developing multiple metabolic syndrome. Adjustment for baseline fasting insulin 
levels had only a modest effect on anthropometry in the prediction of the incidence of 
the syndrome. 
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SURVIVAL IN PATIENTS WITH TYPE 2 DIABETES IN A SWEDISH 
COMMUNITY 

CJ.Ostgren, U.Lindblad, J.Ranstam, A.Melander and L.RSstam. 
Department of Community Medicine, Malmd University Hospital, Malmo, 
Sweden. 

Background and Aims: To explore risk factors for all cause mortality in 
patients with type 2 diabetes treated in primary care. Materials and 
Methods: A prospective population-based study of400 patients with type 
2 diabetes who consecutively completed an annual check up during 1992- 
1993. Vital status was followed to year 2000. Associations between 
baseline characteristics and survival were analysed by Cox regression 
with adjustment for age and gender and were expressed as relative risk 
(RR) with 95 per cent confidence interval (Cl), by 1 SD for continuous 
variables. Results: In both genders, patterns were similar and both men 
and women were thus analysed together. All cause mortality was 
associated with elevated HbAlc levels (RR =1.2 Cl; 1.02-1.4), serum 
triglycerides (RR = 1.2 Cl; 1.03-1.4) and with low-density lipoprotein 
cholesterol/high density lipoprotein (LDL/HDL) ratios (RR = 1 2 Cl; 1.0- 
1.4). An increased mortality risk was seen also with co-morbidity such as 
hypertension (RR = 1.72 Cl; 1.21-2.46), microalbuminuria (RR = 1.87 
Cl; 1.27-2.76) and previous cardiovascular disease (RR = 1.7 Cl; 1.15- 
2.50). Subanalyses revealed that increased mortality related to HbAlc 
was restricted to hypertensive patients with type 2 diabetes (RR = 13 Cl; 
1.05-1.7). Conclusions: Potentially modifiable risk factors for all cause 
mortality in patients with type 2 diabetes included impaired glucose and 
lipid metabolism and hypertension. Patients with hypertension in addition 
to type 2 diabetes may be more susceptible to hyperglycaemia than 
normotensivs. Patients with microalbuminuria or with previous 
cardiovascular disease are also at particularly high mortality risk. 
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The Metabolic Syndrome among the Inuit of Greenland 

M.E. Jorgensen, P.Bjerregaard and K.Borch-Johnsen. National Institute of Public 
Health, Copenhagen and Steno Diabetes Centre, Gentofte, Denmark. 

Background and Aims: Compared to Denmark the incidence of cardiovascular 
disease and diabetes is low among the Inuit of Greenland. The Greenlandic society is 
currently undergoing a rapid transition. The Inuit of Greenland is a population with a 
probable genetic potential for developing high incidences of cardiovascular diseases 
and diabetes, but in contrast with populations like the Pima and other American 
Indians and the Alaska Inuit they have retained a life style that counterbalances the 
genetically high risk for disease. The aim of the present study is to compare the 
prevalence of components of the metabolic syndrome, including hypertension, 
abnormal glucose metabolism, dyslipidemia, microalbuminuria, central obesity, and 
overall obesity, between Inuit living in Greenlandic villages, and in Greenlandic 
towns. Materials and Methods: From 1999 to 2001 a total of 976 individuals aged 
35 and over participated in a health examination. A random sample of indigenous 
Greenlanders was selected from Nuuk (capital), Qassigiannguit (a small town on the 
West coast), while all adult inhabitants in four selected villages in Uummannaq 
district were invited to participate. Diabetes and impaired glucose tolerance were 
diagnosed using the oral glucose tolerance test. BMI, waist-to-hip ratio, and blood 
pressure were measured, and blood and urine samples were taken from each subject. 
Sociodemographic characteristics were investigated using a questionnaire. Results: 
Hypertriglyceridemia, low HDL cholesterol, overall obesity, and hypertension were 
significantly more prevalent in towns in Greenland, whereas central obesity was more 
prevalent in the settlement population. Prevalence of elevated albumine/creatinine 
ratio was not significantly different between the populations. The age-adjusted 
prevalence of the metabolic syndrome as defined by the World Health Organization 
was higher in the towns (Nuuk 18,3%, Qassigiannguit 16,2%, Uummannaq 13,7%, 
p<0,05), but diabetes was more common in the settlements (Nuuk 7,7%, 
Qassigiannguit 10,2%, Uummannaq 11,2%, p<0,05, age-adjusted). Conclusions: 
Despite the high prevalence of the metabolic syndrome in the most westernised parts 
of Greenland, diabetes was more common in the settlements. Further analysis and 
adjustment for confounders is demanded to confirm and explain the results. 
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Decreased mortality associated with the use of metformin compared to 
sulfonylurea monotherapy in type 2 diabetes 

J. A Johnson, S. Majumdar, S.R Simpson, E. Toth. University of Alberta and Institute 
of Health Economics, Edmonton, AB, Canada 

Background and Aims: Metformin, alone or in combination, is effective in reducing 
hyperglycemia and microvascular complications in type 2 diabetes. However, 
questions remain regarding the impact of metformin therapy on macrovascular 
complications and cardiovascular mortality. The aim of this study was to examine the 
relationship between metformin and sulfonylurea (SU) use and mortality in new users 
of these agents. 

Materials and Methbds: Saskatchewan Health databases were used to examine 
population-based mortality rates for new users of oral antidiabetic agents. Individuals 
with prescriptions for SU or metformin in 1991 to 1996 and no use in the year prior 
were identified as 'new users'. Prescription records were prospectively followed for 1 
to 9 years. Cardiovascular-related deaths were identified based on ICD-9 codes for 
underlying cause recorded on death certificates. Multivariate logistic regression 
analyses were used to assess the differences in mortality between drug cohorts, after 
adjusting for potential confounding variables. 

Results: The study sample comprised 12,272 new users of oral antidiabetic agents, 
with an average of 5.1 (SD 2.0) years of follow-up. Among those subjects with at 
least one year of drug exposure, mortality rates w'ere 750/3,033 (24.7%) for subjects 
receiving SU monotherapy, 159/1,150 (13.8%) for metformin monotherapy, and 
635/4,683 (13.6%) for combination therapy. After adjusting for age, sex, comorbidity, 
and the presence of established coronary disease, metformin monotherapy was 
associated with reduced risk for all-cause (Odds Ratio [OR] 0.60, 95% Cl 0.49-0.74) 
and cardiovascular (OR 0.65,0.50-0.86) mortality compared to SU monotherapy. SU 
plus metformin combination therapy was also associated with reduced all-cause (OR 
0.66; 0.58-0.75) and cardiovascular (OR 0.65,0.54-0.77) mortality. 

Conclusions: After adjusting for factors associated with increased cardiovascular risk, 
we found that metformin, alone or in combination with SU, was associated with 
reduced all-cause and cardiovascular mortality compared to SU monotherapy among 
new users of these agents. 
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RELATIONSHIP OF PHYSICAL ACTIVITY TO MORTALITY AMONG 
ADULTS WITH DIABETES IN THE UNITED STATES 

E.W. Gregg, R. GerzofF, K.M.V. Narayan, and D.F. Williamson, Atlanta, GA. 

Background and Aims: Physical activity is associated with longevity, but few 
studies have examined this relationship among people with diabetes. We 
examined whether higher levels of walking and recreational physical activity are 
associated with a lower risk of all-cause and cardiovascular disease (CVD) 
mortality among adults with diabetes in the United States. Materials and 
Methods: Physical activity, demographic factors and comorbidities were 
assessed for 2739 men and women with self-reported diabetes aged > 35 years 
as part of the 1990 and 1991 National Health Interview Surveys. We categorized 
individuals according to the number of hours per week spent walking, doing any 
recreational physical activity, or moderately vigorous activity. Deaths were 
ascertained using a National Death Index search for a 6 year period, during 
which there w ere 478 deaths due to all-causes (crude risk = 3.9% per year) and 
242 CVD deaths (2.0% per year). Results: Higher levels of walking, total 
recreational physical activity, and moderately-vigorous physical activity were 
each associated with reductions in all-cause mortality. Compared to inactive 
individuals, those who reported walking at least 2 hours per week had a 41% 
reduction in all cause mortality risk (RR=0.59, 0.42 to 0.83), controlled for age, 
race, smoking, body mass index (BMI), and comorbidities. Similar associations 
were present for participation in at least 2 hours of total physical activity 
(RR=0.66,0.49 to 0.89), and moderately-vigorous activities (RR=0.64, 95% Cl, 
0.45 to 0.92). Higher levels of physical activity also tended to be associated with 
reductions in heart disease mortality (RR=-0.69; 0.45 to 1.05 for adults walking 
at least 2 hours per week). Walking was more protective against all-cause 
mortality among non-insulin users (RR= 0.54, 0.71 to 1.01) than among insulin 
users (RR=0.85 95% Cl, 0.45 - 1.58). The protective association of physical 
activity was observed across sex, race, BMI, age and diabetes duration groups. 
Conclusions: Walking and recreational physical activity are likely to enhance 
longevity across a diverse spectrum of adults with diabetes. 
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LOW IRS 1 PROTEIN EXPRESSION IS ASSOCIATED WITH A 
DISORDERED METABOLIC STATE AND AN INCREASED LNTEV1A- 
MEDIA THICKNESS IN THE CAROTID ARTERY 

P.A. Jansson, F. Pellme, E. Lofstedt, E. Carvalho, H. Brekke*, O. Wiklund, M-R 
Taskinen and U. Smith, The Lundberg Laboratory for Diabetes Research and 
Department of Clinical Nutrition, University of Goteborg, Sweden 

Background and Aims: Low IRS 1 protein expression in fat cells can identify 
individuals at risk for type 2 diabetes. To further characterize the metabolic phenotype 
in subjects with low IRS I protein expression, we assessed the metabolic profile in 
conjunction with surrogate markers for atherosclerosis. 

Materials and Methods: We recruited 45 male healthy first-degree relatives of type 2 
diabetes patients and 40 male healthy non-diabetic control subjects. They were 
investigated with an intravenous glucose tolerance test and ultrasound measurements 
of the right carotid artery. All subjects were asked to undergo a subcutaneous needle 
biopsi and 30 subjects were willing to participate. The protein content of IRS 1 was 
analyzed by immunoblotting and a reduction of >50% as compared to control subjects 
w'as required for the definition low IRS 1 protein content. We identified 11/26 
subjects with marked reduction in adipocyte IRS 1 content (LOW), 9/26 with normal 
IRS 1 content (CON), and 6/26 subjects were not typical, and therefore not included 
in the analysis. 

Results: Age (45±3 vs 42±2 yrs (Mean±SE), BMI (26.8±0.5 vs 25.7±0.9 kg/m2), 
blood pressure and nicotine consumption was similar in LOW and CON, respectively, 
whereas WZH-ratio was increased in the LOW group (0.95±.01 vs 0.90±0.02, 
p=0.043). Insulin sensitivity was decreased (224±90 vs 407±72 ml/mU/min, 
p=0.044), acute insulin response (0-10 min) enhanced (613±128 vs 258±51 mU/l, 
p=0.030) and fasting proinsulin higher (16.9±2.5 vs 8.5±1.1 pmol/1, p=0.017) in the 
LOW group. Moreover, intima-media thickness (IMT) in the right carotid bulb was 
increased in the LOW group (0.949±0.080 vs 0.642±0.044 mm, p=0.008), but no 
differences appeared in the lipid profile or cellular adhesion molecules in the groups. 
Conclusions: Low IRS I protein expression is associated with risk for type 2 diabetes 
and, as shown, an increased IMT in the carotid artery. Thus, low IRS 1 protein 
content may precede both type 2 diabetes and atherosclerotic vascular disease. 
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Mortality and Abnormal Glucose Tolerance States in Central Lancashire- A 
Seven year Follow-up Study 

A Lakhdar, MA Myers. Department of Medicine and Clinical Biochemistry, Royal 
Preston Hospital, Sharoe Green Lane, Preston PR2 4HG 

Background and Aims: To examine the link between abnormal glucose tolerance 
states and mortality. 

Materials and Methods: 2519 people referred with suspected diabetes for a glucose 
tolerance test were follow’ed up for between 3 and 7 years. There were 395 people 
with newly diagnosed diabetes of whom 100 had isolated post challenge 
hyperglycaemia (IPH), 28 isolated fasting hyperglycaeamia (IFH) and 198 combined 
hyperglycaemia. There were 376 people with impaired glucose homeostasis of whom 
265 had impaired glucose tolerance (IGT) and 111 with impaired fasting glycaemia 

GFO). 

Results: Compared with people without diabetes, people with IPH had an increased 
all cause mortality (P<0.0001) and of cardiovascular mortality (P<0.0001) similar to 
those with combined hyperglycaemia(CH). Those with IFH had an increased risk of 
all cause mortality (P<0.0001) and to a lesser extent cardiovascular mortality 
(p=0.004). People with IGT had an increased risk of all cause mortality (P<0.0001) 
but not that of cardiovascular mortality (p= 0.06), while IFG had no significant 
difference in mortality compared with people without diabetes. 

Conclusion: These data highlights the strong association of abnormal glucose 
tolerance states and mortality including IPH and IGT which can only be identified by 
the performance of a glucose tolerance test. 
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Cardiovascular risk profile in early diagnosed type 2 diabetes: preliminary 
results from a two step screening procedure 

A.M.W. Spijkerman, JM Dekker, G Nijpels, CDA Stehouwer, LM Bouter and RJ 
Heine, Institute for Research in Extramural Medicine, Vrije Universiteit Amsterdam, 
the Netherlands. 

Background and aims: Little is known about the characteristics of patients identified 
by screening compared to routinely diagnosed diabetic patients. In this study we 
compared the cardiovascular risk profile of screening detected diabetes with that of 
routinely diagnosed patients. 

Methods and materials: A two step screening procedure was performed, consisting 
of the Symptom Risk Questionnaire and a fasting capillary glucose measurement. In 
subjects with a capillary glucose of > 5.5 mmol/1 an OGTT was performed (screening 
detected diabetes mellitus (SDM). The control group consisted of consecutive new 
diabetic patients diagnosed by general practitioners (GPDM). In all newly detected 
diabetic patients (both SDM and GPDM) cardiovascular risk factors were assessed. 
Results: In the first part of the screening 91 patients were detected, in 80 (88%) 
additional measurements were performed. The general practitioners identified 39 new 
patients with type 2 diabetes. Mean age was 63.4 (±6.3) for SDM and 62.3 (±6.4) for 
GPDM subjects. Fasting plasma glucose and HbAlc w'ere lower in the SDM subjects: 
FPG 7.56 (1.51) vs 9.53 (2.75) mmol/1, HbAlc 6.29% (1.24%) and 8.70% (2.26%). In 
comparison with GPDM subjects, hypertension, high LDL, high total cholesterol and 
microalbuminuria were more common in SDM subjects: (HT 57.5% vs. 45.7%; LDL 
81.8% vs. 65.8%; TCHOL 76.3% vs. 64.1%; MA 36.8% vs 30.4%). The percentage 
of subjects with high triglyceride levels was similar in both groups. Low HDL 
cholesterol was more common in GPDM patients and this finding was most 
prominent in women. 

Conclusions: This screening procedure identifies subjects with previously unknown 
diabetes with relatively mild hyperglycaemia, but characterised by an adverse 
cardiovascular risk profile. The latter finding may be inherent to the screening 
procedure. 
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Recent trends in cardiovascular mortality of diabetic patients in England and Wales 
MJ. Thomason and J.RFulier 

Department of Epidemiology and Public Health, UCL, London, UK 

Background and Aims: Mortality statistics can be used as a way to monitor the 

effectiveness of programmes directed at reducing mortality from cardiovascular disease in 

diabetic patients. Mortality data from the Office of National Statistics for 1975-6, 1985-6 

and 1995-6 was used to examine trends in diabetes related mortality in England and 

Wales. 

Materials and Methods: Data was extracted from all death certificates mentioning 
diabetes for 1975-6, L9S5-6 and 1995-6. Rates of mentioning diabetes per 100,000 
population were calculated for nine age groups and standardised by age to the average of 
the mid-year populations in 1975-6 to produce directly standardised rate ratios. 

Results: In women, between 1975-6 and 1985-6 there was an age standardised decrease of 
11.7% (10.6,12.8) in deaths in which diabetes was mentioned on the certificate and a 
further fall in 1995-6 of 20.7% (19.1,22.3) standardised to 1975-6. In men there was a 
small increase in 1985-6 of 2.7% (1.4,4.1) in deaths in which diabetes was mentioned on 
the certificate and a small fall of -1.8% (-3.9.+0.2) in 1995-6, standardised to 1975-6. 
Deaths with diabetes mentioned on the certificate which had ischaemic heart disease 
(IHD) as the underlying cause had a small age standardised decrease in women between 
1975-6 and 1985-6 of -1.8% (-4.1,+0.6) and a larger fall of 10.6% (7.3,13.9) in 1995-6, 
standardised to 1975-6. In men, between 1975-6 and 1985-6 there was an age 
standardised increase of 14.6% (l 1.5,16.8) in IHD deaths with diabetes on the death 
certificate. In 1995-6 the increase in male IHD deaths standardised to 1975-6 was slightly 
less at 12.1% (8.1,16.1). Conclusions: The 20% fall in all cause mortality rates of women 
with diabetes mentioned on the death certificate in England and Wales over the 20 year 
period studied most likely reflects improved survival, whereas no significant change was 
found in men over this time. Overall rates of IHD deaths in women with diabetes 
mentioned on the death certificate have fallen since 1975-6. Rates of death caused by IHD 
in diabetic men have risen over the 20 year period, although it appears that the increase 
has plateaued since 1985-6 and that rates may be falling slightly. The major cause of 
death in patients with type 2 diabetes continues to be cardiovascular disease. Taking into 
account the limitations of death certificate data, these changes in IHD mortality in people 
with diabetes compare unfavourably with mortality trends in the general population, where 
there has been an approximately 30% overall reduction in IHD deaths over the 20 year 
period studied. Further initiatives to prevent cardiovascular disease in diabetic patients are 
therefore needed. 
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A SIMULATION MODEL FOR DIABETES MELLITUS TYPE I AND II: MODEL 
DESCRIPTION AND INTERNAL VALIDATION PROCESS WITH UKPDS, 
DCCT, AND WESDR DATA 

R Bergemannl, S Suissa2, A Moms3, S Dineen4 and H. HaunerS I: Institute for Medical 
Outcome Research, LSnach (Germany), 2: Royal Victoria Hospital, Montreal (Canada), 3: 
University of Dundee (Scotland), 4: Addenbrooks Hospital, Cambridge (UK), 5: 
Deutsches Diabetes Forschungsinstitut, Heinrich-Hein e-Uni versitSt, Dusseldorf 
(Germany) 

Background: A simulation model for IDDM and NIDDM w-as developed focusing on 
epidemiology and progression following various treatment regimes (TR) Because of the 
lack of validated models with real world data, this model was developed to provide a tool 
to gain more insight in the development of diabetes dependent from treatment regime and 
diabetic status. Materials and Methods: The model was designed in 3 steps. 1st the 
structure was developed independent of the availability of data. 2nd a systematic retrieval 
and review of the data was performed and, 3rd a model was constructed incorporating the 
data. Data from the DCCT, UKPDS, WESDR, HOPE studies, among others, were used for 
the input into the model. The model is a micro-simulation of a virtual patient cohort over n 
years. The following parameters have to be defined for running a simulation: Age, sex, age 
at diagnosis of diabetes, years since diagnosis, state of diabetes (hypoglycemic events 
(HYPO), albumin excretion rate, retinopathy (RP), cardiovascular status, smoking and 
living habits), and the current HbAlc level. TRs are divided into 2 major groups with 
intensive and conventional glycemic control diabetes specific medications with insulin 
agents, oral antidiabetics and antihypertensives. Accompanying strategies like 
participation in diabetes teaching programs as well as screening programs for nephropathy 
and RP are also taken into account Sequelae forecast by the model are HYPOs, 
microalbuminuria and the likelihood of progression towards ESRD, cardio- and 
cerebrovascular diseases, RP, blindness, clinically confirmed neuropathy, and lower 
extremity amputation. Results: The internal validation showed that the model correctly 
simulates the patient populations according to their underlying sources. E.g. for DCCT, 
UKPDS, and WESDR patient populations the difference between the original data and the 
model results lies between 1% and 24% relatively. For 30 validation runs the relative 
variation coefficient was between 0.93 and 4.78%, depending on the validated parameter. 
The simulation of 1000 patients over 10 years requires only 1 second. Conclusion: The 
developed model successfully passed the internal validation and appears to be robust and 
more reliable in comparison to previous developed models. In a next step, an external 
database not used for the development, should be employed as means for external 
validation. 
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2-UOUR GLUCOSE IS AN LNDEPENDENT AND CONTINUOUS RISK 
FACTOR FOR MORTALITY FROM VARIOUS CAUSES 
Q Qiao J Tuomilehto, B. Balkau and K Borch-Johnsen for the DECODE Study 
Group, National Public Health Institute, Mannerheimintie 166, FIN-00300 Helsinki, 
Finland 

Background and Aims: To assess whether 2-hour or fasting glucose is a continuous 
risk factor for mortality from all-cause and from cardiovascular disease (CVD). 

Materials and Methods: Collaborative, prospective study of 20 European cohorts 
with baseline measurements of glucose and other risk factors. 25,038 subjects aged 
30-89 years and not previously known as diabetic were followed up for 10 years on 
average with a total 306,774 person years accumulated. 

Results: There were 4,315 deaths. Multivariate Cox proportional hazards analysis 
showed that inclusion of fasting glucose to the model did not add significant 
information over and above that of 2-hour glucose alone (p>0.10 for various causes). 
The addition of 2-hour glucose to the model based on fasting glucose significantly 
improved the prediction (p<0.001 for various causes). Hazards ratio adjusted for age, 
gender, cohorts and other CVD risk factors, corresponding to a 1% increase in fasting 
glucose concentration, was 1.92 (95%CI 1.52-2.42), 1.96 (1.34-2.87) and 1.87 (1.38- 
2.52), respectively, for deaths from all-causes, CVD and non-CVD. For 2-hour 
glucose, they were 1.57 (1.43-1.73), 1.64 (1.40-1.93) and 1.52 (I 35-1.71), 
respectively. When further adjusting for 2-hour glucose, the hazards ratio of fasting 
glucose reduced and became non-significant, i.e. 1.18 (0.91-1.53) for all-causes, 1.13 
(0.73-1.74) for CVD and 1.20 (0.86-1.67) for non-CVD mortality. In contrast, the 
hazards ratios of 2-hour glucose did not change significantly after adjusting for fasting 
glucose, being 1.52(1.37-1.69), 1.60(1.33-1.93) and 1.47(1.29-1.63), respectively. 

Conclusions: The association between fasting glucose and mortality largely depended 
on the concomitant 2-hour glucose levels. 2-hour glucose concentration, but not 
fasting glucose, was an independent and continuous risk predictor for mortality. 
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The Status of Diabetes Control in Asia - A Cross-sectional Survey of 24*317 
Patients with Diabetes Mellitus in 1998. 

T. Tong-Yuan, The DiabCare-Asia 1998 Study Group. Department of Internal 
Medicine, National Taiwan University Hospital, Taipei, Taiwan. 

Background and Aims: 

To establish the status of diabetes control in Asia, the DiabCare-Asia 1998 study 
collected data from 230 diabetic centers in Bangladesh, China, India, Indonesia, 
Malaysia, Philippines, Singapore, South Korea, Sri Lanka, Taiwan and Vietnam from 
March to December 1998. 

Materials and Methods: 

In this study, data were obtained either by patient interview during enrollment visit or 
by reviewing medical records for the most recent laboratory assessment and clinical 
examinations. Apart from basic patient data, information on the results of the most 
recent laboratory assessments and clinical examinations, various aspect of current 
diabetes management including complications, treatment, self-care and diabetes 
education were obtained from 24,317 patients. Blood samples were also collected 
during patients’ visit for central assessments of HbAlc (normal range 4.7 to 6.4%). 
Results: 

The average centrally measured HbAlc was 8.6 +/- 2.0% for 18,211 patients (82% of 
the analysis population). Mean HbAlc of the diabetic population in Malaysia , 
Indonesia, Korea, Bangladesh and Taiwan were significantly lower (all p==0,001 
except Malaysia p=0.0007), while that of Philippinnes, Vietnam, China and India 
w ere all significantly higher (all p=0.0001), than the grand mean. Of the patients with 
central HbAlc measurements, majority (55%) had values exceeding 8%, indicative of 
poor glycaemic control. 

Conclusions: 

Therefore, the single most important message of DiabCare-Asia 1998 would be that 
more than half of the Asian diabetes patients treated at diabetic centers, as represented 
by our study population, are not well controlled. Further therapeutic actions to 
improve glycaemic control are required to prevent chronic diabetic complications. 
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THE EFFECT OF CASE MIX ON DIABETES CONTROL AND OUTCOMES 
LN TVPE 2 DIABETES 

Roxburgh MA, Diabetes UK on behalf of the UKDIABS user group. 

Background and Aims: To quantify the way in which case mix effects diabetes control 
and outcomes using routinely collected electronic patient data. Methods: 674 958 annual 
patient summaries were amalgamated from 58 district diabetes registers. To ensure 
validity of data, records with a valid year of entry onto database, date of diagnosis, 
treatment type, an annual foot and eye summary, BP or BMI, biochemistry data, and no 
evidence of an absence of a macrovascular check were included, yielding 186 303 records. 
Of these 160312 could be identified as type 2 through date of diagnosis and treatment 
Patients were designated an ethnicity group as Black, Indian or White, and assigned a 
Carstairs deprivation score based on postcode. The duration of diabetes from diagnosis by 
ethnic group and the existence of micro vascular and macrovascular complication was 
assigned to each record. The mean duration of diabetes, glucose and lipid levels and rates 
of microvascular and macrovascular complication by ethnic category and deprivation 
quintile were investigated. Results: The mean duration (years) by quintile(Q) are 
[Q1 (least deprived) 8.89, Q2-8.45, Q3-8.12, Q4-7.97 Q5-7.56], The reduction in mean 
duration between each quintile was significant (p=<0.003). Black patients have 
significantly higher mean duration(8.07) compared to white (7.76) and Indian (8.07) 
(p<0.001) HbAlc (%) significantly improves with increasing deprivation quintile 
(p<0.001)( Q 1-7.98, Q2-7.86, Q3-7.89, Q4-7.82, Q5-7.64] except Q2-Q3 (p=0.351). 
Microvascular outcome rates significantly decrease with increasing deprivation quintile 
(p<0.001) IQ 1-56%, Q2-55%, Q3-53%, Q4-48%, Q546%] except Q1-Q2 (p=0.69). Black 
patients have significantly higher rates of microvascular complication (53%) than white 
(49%) and Indian (32%) (p=<0.003). Mean total cholesterol levels (mmol/1) significantly 
increase with increasing deprivation quintile [Ql-5.14, Q2-5.12, Q3-5.27, Q4-5.35, Q5- 
5.36],(p<0.001) with the exception of QI-Q2 (p=0.21). Macrovascular outcomes are 
significantly worse with increasing deprivation [Ql-24%, Q2-26%, Q3-28%, Q4-29%, 
Q5-30% ] (p=<0.002) with the exception of Q4-Q5 (p=0.326). Conclusions: There is a 
significant correlation between increasing deprivation and lower mean duration of type 2 
diabetes. There is a similar correlation between increased deprivation, poorer lipid control 
and increased macrovascular complication. There is a significant correlation between 
increased deprivation, better glycemic control and lower levels of microvascular 
complication. This apparant reduction may result from the lower mean duration in more 
deprived patients. Ethnicity appears to effect complication rates independently from 
deprivation. 
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C-REACTIVE PROTEIN AND DIABETES MELLITUS TYPE 2 
MB Snijder, JM Dekker, M Visser, CDA Stehouwer, VWM van Hinsbergh, LM 
Bouter, RJ Heine, G Nijpels and JC Seidell. Institute for Research in Extramural 
Medicine, Vrije Universiteit, Amsterdam, The Netherlands 

Background and Aims: Low-grade systemic inflammation, marked by C-reactive 
protein (CRP), may cause insulin resistance. Higher CRP levels have been observed 
in patients with type 2 diabetes. The aims of the present study were to study the cross- 
sectional association between CRP and glucose metabolism and to study the 
predictive value of CRP for incident diabetes. 

Materials and Methods: The Hoorn Study is a study of glucose tolerance among 
2484 men and women, aged 50 to 74, which started in 1989. An extensive physical 
examination was performed in an age-, sex- and glucose-stratified random sample 
(n=631). Diabetic status was assessed by two oral glucose tolerance tests at baseline 
and after 6 years of follow-up. Baseline CRP was assessed using a high-sensitivity 
assay. 

Results: At baseline, the median for CRP in the NGT group was 1.3 mg/L. In subjects 
with CFG, IGT or both the median for CRP was 0.8, 2.2 and 2.5 mg/L respectively. 
The newly diagnosed patients had a median CRP of 2.3 compared to 2.7 mg/L in 
patients already known with diabetes. The OR for developing diabetes in 6 years was 
2.7 (95% Cl 1.2-6.5) in persons with high CRP compared to low CRP (cut off 85% 
percentile = 5.5 mg/L) after correction for sex and age. After adjustment for smoking 
and BMI the OR was 3.0 (95% Cl 1.2-7.3). After further adjustment for fasting and 
postload glucose levels, the OR was reduced to 2.0 (95% Cl 0.7-6.0). 

Conclusions: CRP levels showed a cross-sectional association with glucose tolerance 
status, and in non-diabetic subjects CRP predicted the 6-year incidence of type 2 
diabetes. Correction for glucose levels reduced the OR substantially, which may 
indicate that glucose is a part of the causal pathway of CRP involvement in diabetes 
aetiology. 
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Impaired glucose tolerance in adults is associated with elevated serum levels of 
interleukiu 6 but not of tumour necrosis factor alpha 

S. Muller (1), S. Martin (1), P. Hanifi-Moghaddam (1), W.A. Scherbaum (1), W. 
Rathmann (1), G. Giani (1), T. Immervoll (2), H.-E. YVichmann (2) and H. Kolb (1). 
(1) German Diabetes Research Institute at the University of DusseIdor£ (2) GSF- 
Institute of Epidemiology at the University of Munich, Germany 

Background and Aims: Type 2 diabetes has been proposed to be associated with 
abnormal levels of products of innate immune cells. We studied whether such 
abnormalities might occur already in individuals at risk of type 2 diabetes, i.e. in 
adults with impaired glucose tolerance (IGT). 

Materials and Methods: In the context of the Survey 2000 of the adult population in 
the Augsburg region (KORA) probands 55-74 years of age were invited to an 
interview, blood tests and an oral glucose tolerance test, if non diabetic. Sera were 
analysed for concentrations of IL-6, TNFalpha, IL-6 receptor, TNFalphaRl and R2 by 
Sandwich ELISA. 

Results: Mean levels of serum IL-6 were significantly higher in individuals with IGT 
compared to healthy controls [1.7 pg/ml (range <0.6-5.6) versus 0.9 pg/ml (range 
<06-2.3), n= 40 per group, p<0.002]. Mean levels of IL-6 were also significantly 
elevated in individuals with type 2 diabetes [2.9 pg/ml (range <0.6-22.6), n= 80], 
Levels of circulating IL-6 receptors in serum were not different between the three 
groups, suggesting an elevated level of bioactive IL-6 in IGT, similar to levels in type 
2 diabetes. By contrast, mean serum levels of TNFalpha or of its receptors did not 
differ between the cohorts analysed. 

Conclusions: These findings suggest that abnormally high serum levels of IL-6 occur 
in individuals at increased risk of type 2 diabetes. Immune mediators may possibly 
contribute to the pathogenesis of type 2 diabetes. 
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SEASONAL VARIATIONS OF INSULIN SENSITIVITY, PLASMA GLUCOSE 
AND INSULIN SECRETION, VERSUS TEMPERATURE AND SUNSHINE. 

B. Zethelius 1 , L. Berglund 1 , H. Lithell'and C. Berne 1 . ‘Dept of Public Health and 
Caring Sciences/Geriatrics, *Dept of Medical Sciences, Uppsal3 University, Sweden. 

Background and Aims : Seasonal variations of HbAlc in diabetic subjects and of 
plasma glucose (PG) in healthy subjects have been reported but it is not known if 
these are due to seasonal variations in insulin sensitivity. The aim was to reveal any 
seasonal variations of insulin sensitivity, PG and insulin secretion in a population- 
based cohort of 70-year old men (n= 1221), and if such variations were related to 
surrounding temperature (ST) and hours of sunshine (IIS). 

Materials and Methods : The subjects were investigated between January 1991 and 
December 1995. The investigations, randomly carried out throughout the year, were a 
hyperinsulineamic euglycaemic clamp, measurements of PG and insulin from an oral 
glucose tolerance test (OGTT). In regression analyses, indicator variables for 
summer/winter season (May-September/October-April; 0/1) and for month (January- 
December, labelled 1-12 whereas non-linear relationships were tested with month and 
month squared), ST and US were analysed as explanatory variables. Results : During 
the winter, insulin sensitivity index [M/I (100-mg/kg bw/min/mU/1)) was lower (4.8 vs 
5.3, p<0.001), AUC for insulin during the OGTT was higher (1190 vs 1040 mU/l, 
p=0.001) and fasting PG was slightly higher (5.8 vs 5.7 mmol/1, p=0.l). There was a 
significant association betw een ST and M/I (p<0.002) but not betw een HS and M/I 
(p<0.31). When seasonal variation of M/I was further adjusted for ST, the effect of 
season on M/I became non-significant (p=0.51). When month and month squared 
combined were regressed on M/I, both were significantly related to M/I (p=0.005 and 
p=0.03) but w hen adjusted for ST both became non-significant. Conclusion : Seasonal 
variation in insulin sensitivity induced only a small variation in plasma glucose and 
insulin secretion compensates for the variation of insulin sensitivity. Seasonal 
variation of insulin sensitivity was associated with the surrounding temperature. The 
results may have implications on glycaemic control in diabetic subjects and for the 
design of clinical trials with insulin sensitivity as an end point. 
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Insulin resistance and beta-cell dysfunction as predictors of incident glucose 
intolerance and type 2 diabetes, the Hoorn Study. 

G. Nijpels, A.Jager, JM Dekker, CDA Stehouw r er, LM Bouter, RJ Heine. Institute for 
Research in Extramural Medicine, Vrije Universiteit Amsterdam, The Netherlands 

Background and Aims:The variability of the Oral Glucose Tolerance Test (OGTT) 
derived fasting and 2-hour glucose values is high. Guidelines for clinical practice 
require duplicate (i.e. confirmed) abnormale fasting or post-load values to categorise 
persons as having diabetes. The aims of the present study were to determine the 
incidence of diabetes and to identify predictors for the changes in glucose tolerance, 
as assessed with duplicate OGTTs, in the general population. 

Material and methods: In 1989-’90, 2484 men and women aged 50-75 years, 
completed on OGTT. An age, sex, and glucose tolerance stratified random sample of 
631 subjects had a second OGTT. Of the non-diabetic subjects at baseline a total of 
250 had again a duplicate OGTT after a mean follow-up of 6 year. Subjects with 
confirmed normal glucose tolerance (NGT) were categorised as NGT. Subjects with 
one or two times glucose values in the impaired fasting glucose or impaired glucose 
tolerance (1GT) range were categorised as impaired glucose metabolism (IGM). 
Subjects with two times an OGTT in the diabetes range (WH098) were categorised as 
type 2 diabetes. 

Results: Of the subjects categorised as NGT as baseline (n=120) only one person 
developed type 2 diabetes at follow-up. Of the subjects with IGM (n=T30), 38 
(29.2%) developed type 2 diabetes. Of those with newly detected type 2 diabetes 
(n=67) at baseline, 40 subjects had no medical treatment at follow-up and had a 
duplicate OGTT. Of these, 6 subjects returned to IGM (15%). Fasting plasma glucose 
and waist/hip ratio in NGT were significantly (p<0.05) related to the development of 
IGM while fasting plasma glucose and 2-h post-load plasma specific insulin were 
significantly (p<0.05) related to the development of type 2 diabetes, while only 
fasting pro-insulin levels predicted conversion from IGT to type 2 diabetes. 
Conclusion: These results with duplicate OGTTs at baseline and follow-up indicate 
that subjects with confirmed NGT have a very low risk of developing type 2 diabetes. 
This study confirms the previously reported sequence of events, i.e. that insulin 
resistance, as reflected by high 2-hour specific insulin levels is the major determinant 
of IGM, while impaired beta-cell function, as reflected by high fasting pro-insulin 
levels, is a determinant of the occurence of type 2 diabetes. 
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A HIGH WHITE BLOOD CELL COUNT PREDICTS WORSENING OF INSULIN 
SENSITIVITY AND DEVELOPMENT OF TYPE 2 DIABETES IN PIMA IN DUNS 
B Vozarova, C Weyer, RS Lindsay, C Bogardus and PA Tataranni, 4212 N 16 th 
Street, Phoenix, AZ 850 16, USA 

Background and Aim: It has been proposed that chronic inflammatory processes 
and/or infections may contribute to the development of type 2 diabetes. Markers of 
inflammation were found to predict diabetes in mixed Caucasian and African- 
American population. The aim of the present study was to examine whether a high 
white blood cell count (WBC), a marker of inflammation, predicts worsening of 
insulin sensitivity and/or insulin secretion and the development of type 2 diabetes in 
Pim3 Indians. Materials and Methods: We measured WBC in 260 normal glucose 
tolerant Pima Indians [180M/80F, age 27±6y, body fat 31±8%, WBC 7849±1717 
cells/mm 3 (meaniSD)] who were characterized for body composition (hydrodensi- 
tometiy or DXA), glucose tolerance (75g OGTT), fasting plasma insulin concentra¬ 
tions (INS), insulin sensitivity [M, hyperinsulinemic clamp] and acute insulin secre¬ 
tory response to glucose (AIR, 25g intravenous glucose challenge). Forty-eight 
subjects developed diabetes over an average follow-up of 5.0±4.2 y. In 73 subjects 
who remained non-diabetic, follow-up measurements of M and AIR were available. 
Results: At baseline, WBC was related to body fat (rM).36; p=0.0001), INS (r=0.29; 
p=0.0001), and M (r= -0.24; p=0.0001). In a proportional hazard analysis with 
adjustment for age and sex, a high WBC predicted diabetes (relative hazard 90 th vs. 
10 th centile (95%CI): 5.3 ( 2.2-12.8); p=0.0002). The predictive effect of WBC 
persisted after additional adjustment for body fat, M and AIR (relative hazard 3.7 
(1.4-9.8); p=0.008). A high WBC at baseline predicted a decrease in M (p=0.01), 
but not in AIR, after adjustment for sex, baseline age, change in body fat and follow¬ 
up duration. Conclusion: We conclude that in Pima Indians, an elevated WBC 
predicts t>pe 2 diabetes. This effect is, in part, mediated by a worsening of insulin 
sensitivity. Our Findings are consistent with the hypothesis that chronic inflammatory 
processes may play a role in pathogenesis of type 2 diabetes. 
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BODY COMPOSITION AND INCIDENT DIABETES LN JAMAICAN 
ADULTS 

L.A. Sargeant, F.I. Bennett, T.E. Forrester, R.S. Cooper and R.J. Wilks. TMRI, UWI, 
Mona, Jamaica and Dept, of Preventive Medicine & Epidemiology, Loyola 
University, Chicago, IL, USA 

Bickground and Aims: Anthropometric indices of obesity such as the body mass index (BMI) 
and central adiposity such as waist circumference, waist to hip ratio (WHR) and waist to height 
ratio (WHTR) have been associated with diabetes and various cut-off points have been 
proposed to indicate thresholds for intervention. There are few data on the performance of these 
indices in predicting incident diabetes in the developing w orld w here the burden of obesity and 
diabetes is high. 

Materials and Methods: A cohort of 724 non-diabetic adults (287 men and 437 women), aged 
25-74 y and resident in Spanish Town, Jamaica were followed for a mean of 4 years. At 
baseline, height, weight, waist and hip circumferences were measured using standardised 
protocols. Participants had fasting and 2-hour post challenge glucose concentrations measured 
at baseline and follow-up. The diagnosis of incident diabetes w as based on 1999 WHO criteria. 
Results: Mean and standard deviation (SD) BMI in men and women at baseline were 23.5 (4.2) 
and 27.7 ($.5) kg/ra2, respectively. Mean (SD)uaist circumference was 80.3 (11.7) cm in men 
and 82.6 (12.6) cm in women. There were 51 cases of incident diabetes (17 men and 34 
women). BMI, waist circumference, WHR and WHTR were investigated in separate Cox 
proportional hazards regression models including age and sex. All indices were independent 
predictors of diabetes and regression models had similar likelihood ratio chi-square values 
indicating that none of these indices w ere dearly superior. Receiver operating characteristics 
curves (ROC) were used to determine optimal cut-off points for these indices. The area under 
the ROC curve (95% confidence interval) for BMI was 0.74 (0.59-0.88) for men and 0.62 
(0.51-0.72) for women For waist circumference these values were 0.78 (0.65-0.91) in men and 
0.61 (0.50-0.71) in women. Similar results were obtained for WHR and WHTR. Optimal cut¬ 
off points for BMI were 24.8 kg/m2 (men) and 29.3 kg/m2 (women). For waist circumference 
these were 88 cm and 84.5 cm for men and women, respectively. Corresponding values for 
WHR were 0.87 and 0.80 and for WHTR, 0.51 and 0.54. 

Conclusions: BMI, waist circumference, WHR and WHTR all predicted incident diabetes and 
no index was dearly superior to the others. Cut-off points for waist circumference and WHR 
were similar to those proposed in developed countries. Of the indices examined, waist 
circumference is easiest to interpret and could be useful in health promotion as an alternative to 
BMI. 
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SKINFOLD THICKNESS MEASUREMENTS DISTINGUISH BETWEEN 
TRANSIENT AND PERSISTENT GLUCOSE INTOLERANCE. 

M Mensink 1 , EJM Feskens 3 , WHM Saris', TWA de Bruin 2 and EE Blaak 1 . 

(I) Dept of Human Biology and (2) Internal Medicine, Maastricht University, PO Box 
616 6200 MD Maastricht, The Netherlands; (3) RJVM. Bilthoven, The Netherlands. 

Background and Aims: Impaired glucose tolerance is an unstable state. With 
repeated testing many revert to normal, other remain IGT. Subjects with 
persistent IGT have the greatest risk of developing type 2 diabetes mellitus. The 
aim of the present study was to evaluate wheter adding anthropometric measure¬ 
ments to glucose tolerance testing could improve the prediction of persistent IGT. 
Materials and methods: 175 subjects with glucose intolerance (IGT and newly 
diagnosed type 2 DM) were invited for a second OGTT. When revert to normal 
subjects were classified as having transient glucose intolerance (tGI), in all other 
cases as having persistent glucose intolerance (pGI). Anthropometric measure¬ 
ments were performed during the second test. Body fat% was calculated from the 
sum of skinfolds according to the method of Dumin and Womersley. 

Results: tGI was diagnosed in 82 subjects (47% ); pGI in 93 (53%). pGI was 
associated with lower fasting and 2-hour glucose levels at the initial test. 
Furthermore pGI was associated with higher BMI (29.9 ± 0.4 vs. 28.0 ± 0.4 
kg/m 2 ; P < 0.001), elevated waist (103.3 ± 1.0 vs. 98.3 ± 1.1 cm; P < 0.01) 
elevated WHR (0.98 ± 0.01 vs. 0.95 ± 0.01; P < 0.05) and increased percentage 
body fat (men: 33.9 ±0.5 vs. 31.1 ± 0.8 %; P < 0.01; women 43.5 ± 0.4 vs. 42.0 
± 0.5 %; P < 0.05). Skinfolds were higher in pGI compared to tGI. After 
correction for age, sex and family history of DM logistic regression indicated that 
glucose levels during the initial test most strongly predict persistent GI (P < 
0.001), followed by BMI, body fat%, skinfolds and waist. WHR did not 
distinguish between tGI and pGI (P=0.07). When also adjusted for glucose levels 
during the initial test only body fat% and subscapular skinfold thickness 
distinguished between transient and persistent glucose intolerance (P < 0.01). 
Conclusions: Percentage body fat and subscapular skinfold thickness, 
distinguish between transient and persistent glucose intolerance, suggesting that 
subcutaneous adipose tissue, especially centrally located, may have additional 
predictive value of determining persistent glucose intolerance. 
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INCREASED BETA-CELL PROLIFERATION AFTER 70% 
PANCREATECTOMY L\ MICE OVEREXPRESSEVG SHB AND GTK IN 
BETA-CELLS 

Cecilia Anneren and Michael Welsh. Department of Medical Cell Biology, Uppsala 
University, Box 571, Biomedical Center, 571 23 Uppsala, SWEDEN. 

Background and Aims: GTK (BSK/IYK), a tyrosine kinase of the SRC-family, regulates 
cellular processes such as growth, differentiation and survival. A tyrosine residue in the C- 
terminal tail, Y504, is a negative regulator of GTK kinase activity. SHB, a SH2 domain adapter 
protein, is phosphorylatcd in response to GTK-ovcrcxprcssion in PC 12 cells and RINm5F cells. 
SHB- and GTK-transgenic mice have a larger beta-cell mass and exhibit an increased cytokine- 
induced beta-cell death. The aim of the present study was to assess bcta-ccll growth in response 
to partial pancreatectomy and glucose tolerance in transgenic mice expressing Y504F-mutatcd 
GTK or SHB under the control of the rat insulin promoter. Methods: A 70% pancreatectomy 
(Px) or sham pancreatectomy was performed on GTK-transgcnic, SHB-transgcnic or control 
mice (4-5 month of age). On day 5 after the operation the mice were injected with [H3]- 
thymidinc and the beta-cell labelling index was assessed. 3-month-old GTK-transgenic and 
control mice w ere fasted over night follow ed by an intravenous glucose injection (250 ml of a 
30% solution) and blood glucose was determined at 0, 10, 30, 60 and 120 min. Insulin was 
assessed from blood samples collected at 0,10 and 30 min (Mccodia Ultrasensitive Rat Insulin 
ELISA). 

Results: There were no significant differences in beta-cell proliferation between the sham- 
operated mice (control: 0.7±0.2%o, GTK: 0.7±0.4%o, SHB: 1.5±0.6%o). 70% Px stimulated beta- 
cell regeneration in all groups but there was a significantly increased bcta-ccll thymidine 
incorporation after Px in the SHB-transgenic (3.8+1 %o) and GTK-transgcnic (5.3+I.2V) mice 
compared to the control mice (1.7104 %*). There was no difference in the glucose tolerance 
between control and transgenic mice that had been housed in cages with two or more animals. 
However, thrce-month-old male transgenic mice that had been separated from each other from 
three weeks of age exhibited a slower glucose disappearance rate compared to single-caged 
control mice. Moreover the transgenic mice showed elevated basal levels of insulin but failed to 
further increase the insulin secretion in response to the glucose injcctioa 

Conclusion: The results suggest that GTK and SHB have beneficial effects on beta-cell 
proliferation when stimulated with partial pancreatectomy, thus partly explaining the increased 
beta-cell area previously observed in these mice. However, GTK-overexpress ion in beta-cells 
also seems to affect insulin secretion, resulting in impaired glucose tolerance under certain 
conditions. 
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DIETARY PATTERNS AND RISK OF TYPE 2 DIABETES MELLITUS IN 
U.S.MEN 

R.M. van Dam (1,4), W.C. Willett (1,2,3), E.B. Rimm (1,2,3), M.J. Stampfer 
(1,2.3), and F.B. Hu (1). Dept, of (1) Nutrition and (2) Epidemiology, Harvard 
School of Public Health; (3) Channing Laboratory, Dept, of Medicine, Brigham 
and Women’s Hospital, and Harvard Medical School, Boston MA; (4) Center for 
Chronic Diseases Epidemiology, National Institute of Public Health and the 
Environment, The Netherlands 

Background and aims: The role of diet in the development of type 2 diabetes 
remains unsettled. Therefore, we examined the association between major dietary 
patterns and risk of type 2 diabetes mellitus. Materials and methods: We 
prospectively followed 42,626 U.S. male health professionals, aged 40 to 75 years 
and free of diagnosed diabetes, cardiovascular disease and cancer in 1986. Using 
factor analysis based on data from food frequency questionnaires, we identified and 
validated two major dietary patterns that we labeled ‘prudent’ (characterized by 
higher consumption of vegetables, fruit, fish, poultry and w hole grains) and 
‘Western’ (characterized by higher consumption of red meat, processed meat, 

French fries, high fat dairy, refined grains, and sw eets and desserts). During 12 years 
of follow-up, we ascertained 1327 incident cases of type 2 diabetes. Relative risks 
and 95% CIs were adjusted for potential confounders, including BMI, physical 
activity and cigarette smoking. Results: The prudent dietary pattern score was 
associated with a modestly lower risk of type 2 diabetes (relative risk for extreme 
quintiles, 0.85 [Cl 0.71-1.01]). In contrast, the Western dietary pattern score was 
associated with an increased risk of type 2 diabetes (relative risk, 1.54; Cl 1.27-1.86; 
P trend < 0.0001). The combination of a high Western dietary pattern score (highest 
quintile) and obesity (BMI > 30 kg/m 2 ) was associated with a particularly high risk 
of type 2 diabetes (relative risk 10.9; Cl 7.84-15.2 relative to lowest quintile and 
BMI < 25 kg/m 2 ). Conclusion: Our findings suggest that a Western dietary pattern 
is associated with a substantial increase in risk of type 2 diabetes. 
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STIMULATION OF ISLET GROWTH AND AMELIORATION OF DIABETES 
BY COMBINATION THERAPY WITH TGF-ALPHA AND GASTRIN. 

A.J. Bone*, F.J. Lally*, A. Lane**, I. Parikh** and J. Barley+. * School of 
Pharmacy & Biomolecular Sciences, University of Brighton, U.K.; ** RTP 
Pharma Inc., Quebec, Canada, + Biomedical Research Facility, University of 
Southampton, U.K. 

Background and Aims: The growth factors, TGFa and gastrin, have been 
reported to affect growth and differentiation of pancreatic islet B-cells. 

Materials and Methods: The effects of systemic administration of TGF- 
alpha/gastrin on islet cell growth and glucose tolerance were examined in non¬ 
diabetic, streptozotocin (STZ)-induced diabetic and diabetic Zucker rats. All study 
animals were treated (daily i.p. injection) with a combination of TGF-alpha 
(4ug/kg BW) and gastrin (4ug/kg BW), or vehicle (PBS) alone, for 10 days. 
Pancreatic immuno-histochemistry was used to quantitate B-cell neogenesis 
(number of single B-cell foci expressed as a % of total B-cells) in lean and obese 
diabetic Zucker rats. 

Results: No TGF-alpha'gastrin treated rats showed any changes in body weight or 
fasting blood glucose levels compared to vehicle (PBS)-treated controls. TGF- 
alpha/gastrin treatment increased pancreatic insulin content, compared to PBS 
controls, in non-diabetic (60.6+/-8.7 vs 20.6+/-6.0 ug insulin/mg protein; p<0.05) 
and STZ-diabetic (26.7+/-8.9 vs 6.1+/-2.1 ug insulin/mg protein; p<0.05) rats. 
Glucose tolerance (IPGTT - 2g g!ucose/kg BW)) was normalised in STZ-diabetic 
rats treated with TGF-alpha/gastrin, w ith blood glucose returning to fasting levels 
within 2 hours of receiving a glucose load. TGF-alpha'gastrin increased B-cell 
neogenesis, compared to controls, in both lean (10.5+/-0.9 vs 3.9+/-1.1 %; 
p<0.004) and obese (11.2+/-1.0 vs 4.2+/-1.1 %; p<0.002) Zucker rats. 
Conclusions: Thus TGF-alpha'gastrin treatment appears to increase islet B-cell 
growth and improve glycaemic control in diabetic animal models, suggesting a 
possible therapeutic role in preventing the progression from impaired glucose 
tolerance to overt disease in type II diabetes. 
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DIFFERENT MAP-KINASE PATHWAYS INVOLVED IN ISLET CELL 
DIFFERENTIATION INDUCED BY BETACELLULIN AND NEUREGULLN-4 

M.A. Huotari, P.J. Miettinen, J. Palgi, *D. Harari, *Y. Yarden and T. Otonkoski, 
Haartman Institute, University of Helsinki, Finland, and *The Weizman Institute, 
Rehovot, Israel 

Background and Aims: We have previously shown that islet morphogenesis is 
impaired and beta-cell differentiation delayed in mice lacking functional EGF 
receptors (EGFR-/-). We have also demonstrated that the EGF-R ligand betacellulin 
(BTC) and the erbB-4 ligand neuregulin-4 (NRG^4) direct the differentiation of 
developing mouse islet cells towards beta- and delta-cells, respectively. The present 
study aims to clarify the intracellular signalling pathways activated by BTC and 
NRG^t. 

Materials and Methods: Collagenase digested normal embryonic (El6) mouse 
pancreatic tissue was cultured for 48 h, serum-starved and stimulated for 10 min with 
100 ng/ml of either BTC, NRG-4 or EGF. Tissues were then lysed and resolved by 
SDS-PAGE electrophoresis before transfer onto nitrocellulose. Tyrosine 
phosphorylation of the MAP-kinases Erkl/2, Akt, p38 and Jnk, and the p$5 subunit of 
PI3 kinase was studied by immunoblotting. The results are based on three 
independent experiments. 

Results: BTC, NRG-4 and EGF stimulated PI3KpS5 phosphorylation similarly (1.7 to 
2.3-fold). While none of the factors significantly affected the phosphorylation of 
either Akt, JNK or p38, Erkl/2 was potently activated by EGF (16-fold increase in 
phosphorylation) and BTC (6-fold), but not by NRG-4. 

Conclusions: BTC-induced beta-cell differentiation involves the Erkl/2 pathway, 
whereas NRG-4 induced delta-cell differentiation does not Furthermore, though both 
EGF and BTC activated Erkl/2, only BTC stimulated beta-cell differentiation. Thus, 
yet unidentified signalling pathways are involved in mediating BTC action. 
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OVEREXPRESSION OF FGF10 IN THE DEVELOPING MOUSE PANCREAS 
PERTURBS ENDOCRINE CELL DIFFERENTIATION. 

Alan W. Hart, Stella Papadopoulou and Helena Edlund, Department of Microbiology, 
Umc5 University, Umei, Sweden. 

Background and Aims: FGF-signalling plays a key role in the development of the 
mouse embryo and in particular the de\elopment of organs which derive from 
epithelial-mesenchjraal interactions. We have previously shown that key components of 
the FGF family are expressed in the adult mouse pancreas and that impairment of 
signalling via FGFRlc leads to diabetes as a result of b-cell dysfunction. Our aim was to 
investigate the role that signalling ria FGFR2b may play in the developing mouse 
pancreas, by over expressing FGF 10. 

Materials and Methods: The transgenic construct was made by inserting a 4.5-kilobase 
(kb) Notl-Nael fragment located immediately upstream of the Ipfl/Pdxl gene into a 
vector carrying a polyA site and a 750bp Notl/Ncol mouse FGF 10 cDNA (Ipfl/fgfiO). 
We generated transgenic mice by pronuclear injection of the purified (Notl-BamHI) (1.8 
ng/ml) into F2 B6/CBA hybrid oocytes as described. The genotype was determined by 
PCR analysis of genomic DNA extracted from tail biopsies. Immunohistochcmistiy and 
in situ analysis was performed at various stages of pancreas development. 

Results: Ipfl/fgflO mice were bom alive where approximately 50% of all transgenic 
offspring presented with severe hyperglycaemia (blood glucose levels were 18.4 +/- 1.2 
and 4.2 +/- 0.7 mM for Ipfl/fgflO and wild type littermates respectively). The 
remaining a n i m als appeared healthy with fed blood glucose levels within the normal 
range. However, upon examination of the pancreas, derived from both hyperglycaemic 
and nonnoglycaemic animals, (el3, 15, 17, PI and 7 weeks) the gross morphology 
revealed an enlarged and condensed pancreas. Immunohistochemical analysis using a 
battery of pancreatic markers revealed ductual hjperplasia in the transgenic pancreas, 
which was most apparent from el5 onwards. The anima ls presenting with 
hyperglycaemia, had few differentiated glu+ and ins+ cells, which may explain their 
elevated blood glucose levels. In addition female adult Ipfl/fgflO animals had a fluid- 
filled cyst in the dorsal pancreas position. This cyst had a thin layer of tissue w hich, was 
Ipfl, p48 and carboxypeptidase A positive, but very few insulin positive cells were 
detected. Both male and female derived ventral pancreas had a condensed morphology 
and appeared to harbour more insulin and glucagon producing cells as compared to the 
dorsal pancreas. However, very few Islet structures were observed in both dorsal and 
ventral derived pancreas, instead the cells were in a scattered arrangement 
Conclusions: Overexpression of FGF 10 in the developing mouse pancreas leads to 
ductual hyperplasia and perturbed endocrine cell differentiation. 
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Hepatocyte Growth factor (HGF) induces differentiation of pancreatic ductal 
cells into insulin-producing cells 

E. Anastasi A. Bulotta, S. Fallucca, R. Perfetti and U. Di Mario. 

University of Rome “La Sapienza' Italy and Cedars-Sinai Medical Center/UCLA, Los 
Angeles. 

Background and Aims. HGF and its receptor c-met have been shown to be involved 
in development, growth and regeneration of different organs and tissues. Data from in 
vitro and in vivo studies suggest that the HGF-cmet system may play a role in 
promoting beta cell neogenesis. The aim of the study was to investigate whether 
pancreatic ductal epithelial cells could be induced to differentiate into insulin- 
producing cells by exposing them to hepatocyte growth factor (HGF). 

Materials and Methods: Rat pancreatic ductal cells (ARTP) w r ere first examined by 
immunohistochemistry for the expression of insulin and the HGF receptor, c-met. The 
expression of c-met was also evaluated by western blot analysis. In addition, RT-PCR 
was performed to detect pancreatic-duodenal homeobox-1 (PDX-1) mRNA. ARIP 
cells w'ere cultured at increasing concentrations of HGF and analyzed at different time 
points for the expression of insulin by immunohistochemistry. In addition, insulin 
released into the medium was analysed by radioimmunoassay (RIA). 

Results: A positive im mu noreactivity for insulin was detected in ARIP cells cultured 
in the presence of HGF (50 ng/ml) for 48 hours, in contrast ARIP cells cultured with 
vehicle alone were insulin negative. A positive immunoreactivity for c-met was 
detected in ARIP cells treated with vehicle alone. The constitutive expression of c- 
met receptor was also demonstrated by western analysis. RT-PCR analysis showed 
that PDX-1 gene is constitutively transcribed in ARIP cells. When cultured in the 
presence of HGF, ARIP cells exhibited a dose-dependent response of insulin secretion 
with a plateau of the response with 50 ng/ml of HGF. The analysis of the time course 
of the insulin secretory response revealed a maximal secretion at 48 hours and a 
plateau at 72 hours followed by an early decline at later time points. 

Conclusions: We provide further evidence to support the observation that pancreatic 
ductal cells in vitro could be trans-differentiated into insulin secreting-cells by means 
of culturing with HGF. 
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Restoration of glucose-responsive insulin secretion following formation of cell 
clusters in the poorly responsive betaTC-3 cell line. 

G.A. Roberts, K. Lobner, A. Hauge-Evans, M. Bearzatto, S. Persaud, P. Jones, M R. 
Christie. Department of Medicine at Guy's, King’s and St Thomas' School of 
Medicine and the Endocrinology & Reproduction Research Group, School of 
Biomedical Sciences, King’s College London. 

Background and Aims: Investigation of molecular aspects of insulin secretion is 
restricted by poor availability of human and animal islets of Langerhans. Insulin- 
secreting beta-cell lines have been developed, but these often show poor responses to 
glucose when analysed as monolayers or cell suspensions. Normal islets also show 
reduced secretory responses when dissociated into single cells. We investigated 
whether formation of islet-like clusters increased the ability of the poorly responsive 
betaTC-3 cell line to secrete insulin on stimulation with glucose or activators of the 
cAMP pathway (forskolin plus 3-isobutyI-l-methylxanthine (IBMX)) or of the 
protein kinase C pathway (phorbol 12-myristate 13-acetate (PMA)). 

Materials and Methods: Beta TC-3 cells were grown as monolayers, or formed into 
clusters by culture on gelatin coated plates. Morphology of cells was investigated by 
light and electron microscopy. Monolayers or cell dusters (0.5 million cell 
equivalents) were perifused with sequential changes of medium from 0 mM glucose 
to 20 mM glucose, then to 20 mM glucose with either 10 uM forskolin & 100 mM 
IBNDC, or 500nM PMA. Medium was returned to 0 mM glucose and cells re- 
perifused with 20 mM glucose. Perifusates were collected every 2 min and assayed 
for insulin secretion in a single radioimmunoassay with intra-assay CV of 5.2%. 
Insulin secretion was expressed as % basal secretion. 

Results: When grown on gelatin, beta TC cells formed islet-like clusters, which were 
well granulated and demonstrated inter-cellular tight gap-junctions. Clusters showed 
increased insulin secretion in response to 20 mM glucose (peak 531±61% basal, 
p<0.01), Forskolin + IBMX (958±441, p<0.05) and PMA (735±116) compared to 
monolayers (202±46, I44±19, and 214±17, respectively). Prior stimulation enhanced 
the magnitude of subsequent stimulation (priming) in clusters, but not in monolayers. 
Conclusions: The results demonstrate the importance of islet-like structure for 
appropriate insulin responses to secretagogues. Formation of cell clusters may have 
implications for function of engineered beta cells for transplantation. 
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UP-REGULATION OF E-CADHERIN SIGNALLING ELEMENTS AND 
IMPROVED SECRETORY RESPONSES OF MIN6 PSEUDOISLETS 
M L Luther, A C. Hjugc Evans, S.J. Pcrsaud and P.M. Jones, King’s College 
London, UK 

Background and Aims: The MIN6 cell line forms three-dimensional aggregates 
(pseudoislets; Pis) when grown on gelatin. We have previously shown that Pis 
express more of the Ca 2+ -depcndent cell adhesion molecule, E-cadherin (ECAD) 
and that they show improved secretory responses over monolayer (M) cells to 
nutrient secretogogues. We have now investigated the time-course of PI formation, 
the change in expression of ECAD and a- and P-catcnins in Pis, and the secretory 
responses of Pis to non-nutrient secretogogues. Materials and Methods: MIN6 
Pis were formed in gelatin-coated tissue culture flasks. ECAD, a-catenin and p- 
catenin expression were detected by PAGE and Western blotting. Insulin secretion 
from pcriftised MIN6 cells and Pis was measured by radioimmunoassay. Results: 
MIN6 cells formed clusters that were visible as multi-ccllular aggregates after 2-4 
days in culture. By day 7 these aggregates were indistinguishable from primary 
islets by light microscopy. Western blotting of protein-matched M and PI extracts 
indicated that ECAD, p-catenin and a-catenin expression were all up-regulatcd in 
Pis harvested at day 7. ECAD expression was increased within 1 day, and this was 
maximal by day 4. The membrane-depolarising stimuli KC1 (20mM) and 
tolbutamide (I00{iM) both caused rapid and sustained increases in insulin secretion 
from PI (328±84% and 423±138% basal, respectively, n=4) which were 
significantly (P<0.05) greater than those from M cells. Similar results were 
obtained using the PKC activator PMA (500nM) and the adenylate cyclase 
activator forskolin (lOgM), both of which produced maintained elevations in 
secretion from PI, but had only transient effects in M cells. Carbachol (500pM) 
caused a sustained plateau increase in 20mM glucose-induced insulin secretion 
from PI, but only produced a short (6 min) peak in insulin secretion from M cells. 
Conclusions: These data suggest that the up-regulation of ECAD, a-catenin and p- 
catenin occurs over the same time-course as pseudoislet formation, and that p-ceils 
within islet-like structures exhibit an ov erall enhancement of insulin secretion in 
response to divergent extracellular signals. 
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EXPRESSION OF ISLET MARKERS IN STEM CELLS. 

Martin F., Beraa G., Ensenat-Waser R., Reig J.A. and Soria B. 
Institute of Bioengineering, University Miguel Hernandez, San Juan 
de Alicante, Spain, E-03550. 

Background and aims: Stem cells have the ability to differentiate to 
any cellular lineage, after a differentiation process. Developmental 
studies have shown the involvement of some transcription factors in 
pancreas development. The aim of this study is to investigate the role 
of the above mentioned transcription factors in a mouse embryonic 
stem cell line (D3) and in an adult human intestinal stem cell line 
(HISC), in their process of differentiation to islet cells. Materials and 
methods: D3 and HISC have been differentiated following a standard 
differentiation process, consisting of embiyoid bodies (EB) formation 
and their subsequent culture in monolayer. The visualization of the 
differential expression of the following genes, PDX-1, ngn-3, isl-1, 
NeuroD/Beta2, Nkx2.2, Nkx6.1, Pax4, Pax6, p48, insulin, glucagon, 
somatostatin, PP, glucokinase, GLUT-2 and SUR-1, has been done by 
RT-PCR and immunohistochemistiy. Results: Undifferentiated D3 
cells show markers related with pancreas development, such as ngn-3, 
Isl-1, NeuroD/Beta2, NKx2.2, Pax4 and Pax6. Moreover, these 
undifferentiated cells also show markers from mature endocrine 
pancreatic cells, such as PP and SUR-1. On the other hand, markers 
like PDX-I appear in late differentiation stages. Undifferentiated 
HISC cells show the same markers related with pancreas 
development, except NKx2.2 and PDX-1. On the contrary, HISC cells 
are positive for glucokinase. Conclusion: These data suggest that 
undifferentiated D3 and HISC stem cells already express certain 
pancreatic markers. On the contrary, the presence of other markers, 
like PDX-1 and glucokinase, change in the different lines and along 
the differentiation process, suggesting that differentiation and 
maturation protocols can be used to guide these cells to a islet cell 
precursor population. 
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REGULATION OF INSULLN-LIKE GROWTH FACTOR-BINDING 
PROTEIN-1 SECRETION IN THE GLUCOSE-SENSITIVE RAT 
PANCREATIC BETA CELL LINE INS-1 

M. Lewitt, P.-O. Berggren, K. Brismar. Karolinska Institute*, Institution for Molecular 
Medicine, Karolinska Sjukhuset, Stockholm, Sweden 

Background and Aims: Insulin-like growth factor-binding protein-1 (IGFBP-1) 
regulates the activity of the IGFs and has IGF-independent actions on cell motility 
and apoptosis. We have previously characterised the regulation of rat IGFBP-I in 
vivo and in vitro. In II4-II-E rat hepatoma cells, insulin is a potent inhibitor of 
IGFBP-1 secretion, glucocorticoids are stimulatory and glucose has no effect. We 
have recently identified AMP-activated protein kinase (AMPK) as a novel regulatory 
pathway for IGFBP-1, stimulating its secretion in H4-II-E cells. IGFBP-1 is known to 
be expressed in INS-1 cells, however little is known about its regulation in these cells. 
The aim of this study was to determine whether INS-1 cells also secrete IGFBP-1 and, 
if so, to compare the pattern of regulation in a pancreatic beta cell line to that of 
hepatic IGFBP-1. 

Materials and Methods: Studies were performed in monolayer cultures of INS-1 
cells. After a 6-h serum-free period, cells were exposed to effectors in the absence of 
serum for a further 18h. Conditioned medium was collected and IGFBP-1 measured 
by sensitive immunoassay and by immimoblotting after SDS-PAGE. 

Results: IGFBP-1 was secreted by INS-1 cells. Immunoreactive IGFBP-1 was 
detected in the immunoassay and was also visualised by Western immunoblotting. 
Under these culture conditions dexamethasonc, lOOng/ml, stimulated IGFBP-1 
secretion 4-fold, and increasing the glucose concentration from 11 to 20 mM inhibited 
IGFBP-1 by approx 50%. Activation of AMPK using 5-aminoimidazoIe-4- 
caiboxamide-riboside inhibited IGFBP-1 secretion up to 50%. 

Conclusions: (i) The glucose-sensitive pancreatic beta cell line INS-1 secretes 
IGFBP-1; (ti) similar to hepatic IGFBP-1, glucocorticoids stimulate pancreatic 
IGFBP-1 secretion; and (iii) in contrast to liver, glucose inhibits IGFBP-1 secretion, 
and activation of AMPK is also inhibitory. We speculate that IGFBP-1 may play a 
role in INS-1 cell function, independently or by modulating local IGF activity. 
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DIFFERENTIAL GENE EXPRESSION IN GLUCOSE-RESPONSIVE AND 
NON-RESPONSIVE PANCREATIC 0-CELL (MIN6) SUBLINES. 

V. Lilia, J.-C. [rmingcr and P.A. Halban. Louts-Jeantet Research Labs., University 
Medical Center, 1211 Geneva 4, Switzerland. 

Background and Aims: To date only a few candidate genes have been proposed to 
be involved in maintaining the differentiated state of a pancreatic 0-cell. To identify 
genes involved in regulated insulin secretion, we have established and characterised 
two sublines derived from the insulin-secreting mouse pancreatic 0-cell line MIN6, 
designated B1 and C3. 

Materials and Methods: M3DN6 cells were subcloned by limiting dilution. To study 
their insulin-secretory properties, cells were incubated for 1 h in basal conditions (2.8 
mmol/L glucose) and subsequently for 1 h in stimulated conditions (except KC1 = 10 
min). Data are mean±SE. To identify genes differentially expressed in the two cell 
lines we have applied suppression subtractive hybridization (SSH). 

Results: B1 and C3 cells are morphologically different but do not differ significantly 
in cellular insulin content (4.1±0.7 vs. 5.2±0.4 pg/10<sup>6</sup> cells). B1 
responded to glucose in a concentration and confluence-dcpendar.t manner. At 16.7 
mmol/L glucose, these cells at 75% confluence released I4.7±l.l% insulin content/h 
vs. 3.3±0.1% at 2.8 mmol/L glucose (p<0.01). C3 did not respond to glucose 2.8-16.7 
mmol/L regardless of cell confluence. Fold-stimulation of insulin release by other 
secretagogues (at 2.8 mmol/L glucose) was (B1 vs. C3): 20 mmol/L leucine 4.6±0.2 
vs. 0.8±0.1; 20 mmol/L arginine 1.4±0.2 vs. 0.7±0.1; 1 mmol/L IBMX 3.6±0.6 vs. 
2.3±0.4, 100 nmol/L PMA I6.8±4.0 vs. 2.1±0.5; 30 mmol/L KC1 42.8±5.2 vs. 
15.6±5.2. By SSH we have identified two potentially interesting genes, which are 
strongly under-expressed in the defective clone 03 as compared to Bl. This was 
confirmed by Northern blot and immunofluorescence. They code for the 
neurofilament subunits NF-L and NF-M, which'belong to the family of intermediate 
filament proteins. Such proteins are involved in cellular architecture and their lowered 
expression could be implicated in the cellular/seCrefory defects of C3. 

Conclusions: Secretion studies show an impaired insulin secretion in the C3 cells in 
response to glucose and to the other tested secretagogues as compared to the Bl cells. 
These two sublines should be useful for identification of genes indispensable for 
normal regulated insulin secretion. 
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TRANSCRIPTIONAL REPRESOR DREAM INFLUENCES 
HUMAN INSULIN TRANSCRIPTION. 

LAVagner, F. Ledo*, J. Neophyiou, W. Gartner, B. MellstrOm*, W. WaldhaeusI and 
J.R. Naranjo*. Department of Medicine in University of Vienna, Austria; Molecular 
& Cellular Biology Dpt CNB-CSIC Campus Cantoblanco Madrid, Spain* 
Background and aims: Human DREAM has been identified as a 
Ca“-dependent transcriptional repressor. It contains EF hand domains, 
binds to specific sites in the DNA (the downstream regulatory element 
DRE) and regulates transcription of c-fos and prodynorphin genes in 
the central nervous system. The aim of this study was to investigate if 
DREAM is expressed in cells of the islet of Langerhans and to analyze 
a possible influence of DREAM on insulin transcription. Methods: 
Tissue expression of DREAM was investigated by Northern blot and 
immunohistochemical methods. In order to test involvement of 
DREAM in the transcriptional control a luciferase reporter system 
with the main part and various truncated versions of the human insulin 
promoter were employed. Results: We demonstrate the expression of 
DREAM in human pancreatic islets of Langerhans and in the rat 
insulinoma cell line RIN-5F at protein and mRNA level. Furthermore 
we identified a DRE site linked to the proximal CRE-element in the 
human and rat insulin promoters. Using a luciferase reporter vector 
(pGL3-luc) and the human insulin promoter as well as truncated 
versions we demonstrate a strong influence of DREAM on insulin 
transcription in cotransfection experiments. Conclusions: DREAM 
might represent an important insulin transcription regulatory protein in 
P-cells of the islet of Langerhans which itself is influenced by 
cytoplasmic and nuclear Ca"-fluctuations. Interestingly, expression of 
DREAM in p-cells is influenced by secretagogin, a p-cell- and 
neuroendocrine cell-specific Ca--binding protein. 
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HIGH GLYCAEMIC INDEX DIETS INDUCE CHANGES IN PANCREATIC 
INSULIN SECRETION AND GENE EXPRESSION 

L.J. Aouad, C. Walker, J. Phuyal, C. Thompson, J. Bryson and I. Caterson. Human 
Nutrition Unit, Dept Biochemistry, University of Sydney, Australia. 

Background and Aims: Prolonged intake of high glycaemic index (GI) diets increase 
the pancreatic insulin response to glucose both in vivo and in vitro in rodents. This 
h3S been implicated in the development of insulin resistance. The primary and most 
characterized pathway for glucose stimulated insulin release involves pancreatic 
glucose metabolism. The two major components in this pathway, GLUT-2 and 
glucokinase (GK) (‘the glucose sensor’) play crucial roles in the maintenance of 
normal glucose stimulated insulin secretion. The aim of this study was to determine 
the effect of high GI diets on GLUT-2 and GK expression. 

Materials and Methods: Rats (n=I2) were maintained on one of two diets (68% 
carbohydrate) for 3weeks. Diets contained either low GI starch “amylose” (60% 
amylose 40% amylopectin) or the high GI carbohydrate “polycose” (100% poly cose 
powder). Intravenous glucose tolerance tests (IVGTT) were performed (lg glucose 
/kg body wt) at 3 weeks. Expression of islet GLUT-2, GK and pre-proinsulin genes 
were measured by RT-PCR (expressed as a ratio to b-actin). 

Results: Compared to amylose, polycose diet significantly increased both plasma 
glucose (AUC 25548 vs 155±53 mmol.l-l.2h, p=0.Q2) and insulin (AUC 48 ±6.6 vs 
25±4.7nmol.l-1.2h, p=0.03) when given as a single meal. At 3 weeks there was no 
difference in glucose response to IVGTT between the two diets (AUC 320±48 vs 
309±40mmol.l-l.h, p=0.9). Fasting insulin was the same in each group (225±105 vs 
105±15pmol/l, p=0.14) however, insulin response to IVGTT was elevated in polycose 
rats at 2 minutes after glucose infusion (3900±675 vs 1350±90pmol/l, p=O.04). 
Expression of GLUT-2 was significantly reduced in the polycose group compared 
with amylose group (0.03±0.01 vs 0.3±0.09, p=0.02), as was GK expression 
(0.01±0.006 vs 0.2±0.05, p=0.006) Pre-proinsulin gene expression was not different 
between groups (0.64±0.09 vs 0.68±0.14, p=0.9). 

Conclusions: This unexpected 90% decrease in the expression of the ‘glucose senso’ 
suggests an adaptive response to chronic, intermittent post prandial hyperglycaemia 
and suggests an alternate pathway for the insulin hypersecretion that accompanies 
high GI diets. 
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TSC-22 (TGF-beta-stimulated clone-22) Represses the Transcription of Insulin 
Gene 

Y. Biara, Y. Yamada, K. Miyawaki, N. Ban, A Inada, A. Kuroe, K. Nagashima, T. 
Kurose and Y. Seino. Department of Metabolism and Clinical Nutrition, Graduate 
School of Medicine, Kyoto University, Kyoto, Japan 

In order to identify the candidate genes for type 2 diabetes mellitus in the pancreatic 
beta-cells, we performed fluorescent differential display with cDNAs derived from 
the pancreatic islets of 8-week-old GK rats, a model of non-obese type 2 diabetes 
mellitus, and Wistar control rats. We isolated 34 independent clones showing 
differentially expression in the pancreatic islets of GK rats. The expression levels of 
11 clones among them were down-regulated and the levels of the others were up- 
regulated in GK rats. Among them, TSC-22 (TGF-beta-stimulated clone-22) was 
expressed uniquely in the pancreatic islets of GK rat It was reported that TSC-22 
encodes a leucine zipper-containing protein and has transcriptional repressor activity. 
It was also reported that TSC-22 can homodimerize and heterodimerize with other 
transcriptional family members. Therefore, we have examined the effects of TSC-22 
on the transcriptional activity of insulin promoter. The 5'-frankling sequence of 
human insulin gene was subcloned into a luciferase expression plasmid... This 
luciferase reporter plasmid was transfected into mouse derived insulinoma cell line 
MIN6 cells with or without TSC-22 expression plasmid constructed with rat TSC-22 
full-length cDNA and pCMV plasmid. After 48 hours, luciferase activity was 
measured. The activity of insulin promoter was repressed to 58% of control by the 
expression of TSC-22. The deletion analysis was performed to reveal the region of 
insulin promoter that was interacted with TSC-22. It revealed that -170 to -88 of 
insulin promoter was important for interaction with TSC-22. We conclude that TSC- 
22 may play a suppressive role in insulin gene transcription in the pancreatic beta- 
cells of GK rats and also that it may be one of the candidate genes for type 2 diabetes 
mellitus. 
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GENE THERAPY OF PANCREATIC-DERIVED P-CELLS WITH GLP-1 
RESTORES GLUCOSE-DEPENDENT INSULIN PRODUCTION. 

R. Perfetti and H. Hui, Cedars-Sinai Medical Center/UCLA, Los Angeles, CA, 
USA 

Background and Aims: Glucagon-like peptide-1 (GLP-1) is an incretin 
hormone derived from the preproglucagon gene, capable of regulating the 
transcription of the three major genes that determine the pancreatic p-cell-specific 
phenotype: insulin, GLUT-2 and glucokinase. The aim of this study was to 
investigate the potential role of GLP-1 for the gene therapy of a glucose- 
insensitive pancreatic P-cells. Materials and Methods: We transfected mouse 
insulinoma (MIN-6) cells with a DNA fragment of the human preproglucogone 
gene containing the nucleotide sequence encoding for human GLP-I, but lacking 
the codig region for glucagon. Two constructs were generated: in one of them, the 
expression of GLP-1 was under control of the CMV promoter (CMV/GLP-1), 
while in the second, the rat insulin II promoter (Ins/GLP-1) regulated it. Results: 
Northern blot analysis of the two cell lines revealed that both CMV/GLP-1 and 
Ins/GLP-1 cells expressed a greater insulin mRNA levels when compared to 
controls; however while CMV/GLP-1 cells were glucose insensitive, Ins/GLP-1 
were capable of regulating insulin and GLP-1 gene expression based on the 
concentration of glucose in the culture medium. Detection of the counterpart 
proteins in the culture medium paralleled the observation derived from the 
northern blot analysis. GLP-1 action was mediated by an IDX-1-dependent trans¬ 
activation of the endogenous insulin promoter, as demonstrated by gel shift 
analysis. This was further suggested by a significant increase of the glucose- 
dependent nuclear translocation of IDX-1 protein in Ins/GLP-1 cells, when 
compared to CMV/GLP-1 cells or parental MIN-6 cells. Finally, we observed that 
GLP-1-dependent acquisition of glucose responsiveness was not affected by an 
increased expression level for GLP-1 receptor. Conclusions: In summary, our 
study provides further evidence that GLP-1 by restoring glucose-dependent 
insulin production is a unique candidate for the therapy of type 2 diabetes. 
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PROTEOME ANALYSIS OF ISLETS FROM RATS FETUS MALNOURISHED IN 
UTERO 

Thomas Spane, #Brigitte Reusens, cPeter Mose Larsen, ^Stephen Fey, #CIaude 
Remade and Jom Nerup 

Steno Diabetes Center, Gentofte, Denmark, MLaboratorie de Biologie Cellulaire. Uni¬ 
versity Catholique de Louvain, Belgium, □ Center for Proteome Analysis, Odense, 
Denmark. 

Background: Maternal isocaloric protein restriction during pregnancy in rats impairs 
islet cell proliferation as well as insulin secretion and increases apoptosis in the fetal 8- 
cells. Low protein diet (LP) in early life also increases susceptibility of fetal B-cells to 
nitric oxide (NO) and IL-1B. Aim: To identify changes in protein expression levels in 
islets from fetuses subjected to LP during gestation. Methods: Pregnant Wistar rats 
were fed a LP diet (8% protein) or a control diet (20% protein) throughout gestation. 
At day 21.5 of gestation islets were isolated. During 7 days of culture fetal islets were 
neoformed. Fetal islets were labelled with [35S]-methionine for two-dimensional gel 
electrophoresis. Each sample was run on isoelectric focusing (IEF, pH 3.5-7) and non¬ 
equilibrium pH-gradient electrophoresis (NEPHGE, pH 6.5-10.5) and analyzed on a 
Biolmage computer program. Changes in expression levels of proteins were expressed 
as percentage of integrated optic density and considered significant at p < 0.01 (Stu¬ 
dent's t-test). Significantly changed spots were identified by mass spectrometry. Re¬ 
sults: In total 2.810 protein spots were identified on the gels. Seventy of these spots 
were significantly changed in LP islets compared to control islets. On the IEF side 
1.916 spots whereof 55 were significantly changed and on the NEPHGE side 894 spots 
whereof 15 were significantly changed compared to control diet. So far we have 5 
identifications (elongation factor la, HSC70-PS1, WDR1 protein, albumin and fuse 
binding protein 2), 3 good spectra but no identification and 3 with too few peptides. 
Conclusion: LP diet during development significantly change the expression level of 
70 spots out of 2.810 protein spots compared to control diet. These proteins might be 
involved in the altered B cell mass and the increased susceptibility to NO and cytokines 
in LP islets and therefore of potential interest for type 1 diabetes mellitus pathogenesis. 
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REGULATION OF GLUCOKINASE GENE EXPRESSION L\ PANCREATIC 
B-CELLS BY RETINOIC ACID AND VITAMIN D3 

T. Mocde, I. Lcibiger, P.O. Berggren, B. Leibiger. The Rolf Luft Center for Diabetes 
Research, Dept. Mol. Medicine, Karolinska Institute^ S-17176 Stockholm, Sweden 

Background and Aims: Previous analysis of the B-cell active glucokinase gene 
(bGK) promoter revealed cis-elements, TGGT1 and TGGT2, showing a high 
homology to binding sites for members of the nuclear receptor superfamily, such as 
vitamin D3 receptor (VD3R) and retinoic acid receptor (RAR). Here, we studied the 
involvement of VD3R, RAR and RXR in the regulation of the bGK promoter in 
pancreatic B-cells. 

Materials and Methods: To investigate the effect of RA and VD3 on the bGK 
expression we performed comparative RT-PCR. bGK promoter (-278/+123) driven 
reporter gene expression (CAT and GFP) was analysed in transient expression studies. 
To determine the effect of lpM RA or lOnM VD3 on bGK promoter-driven GFP 
expression, cells were stimulated for 25 min with either hormone. GFP fluorescence 
was monitored online over a period of 4 hours. To analyse the role of RAR, RXR and 
VD3R complexes, these receptors were overexpressed together with the bGK-GFP 
construct. 

Results: Stimulation of islets or HTT cells with RA or VD3 lead to a 1.5 to 3 fold in¬ 
crease in mRNA levels. Online monitoring experiments revealed a I.6+/-0.1- or 
1.4+/-0.Ifold increase in GFP-fluorescence in response to RA- or VD3-stimulation. 
Mutation of either TGGT1 (at -90bp) or TGGT2 (at -168bp) lead to a drastic 
reduction in basic expression (to 34% or 28% of wild type, respectively) and to a 
drastic reduction (in case of TGGT2) or complete loss of response to RA and VD3 
stimulation. The hormone-stimulated bGK promoter activity was enhanced following 
overexpression of VD3R (to 2+/-0.2fold) or VD3R/ RXR (to 1.7+/-0.1fold) or of a 
combination RAR/RXR (to 2.15+/-0.3fold). RAR/RXR had no effect on the VD3- 
stimulated expression, while VD3R had no effect on RA-stimuIated expression 
Conclusion: We demonstrate that the bGK expression in the pancreatic B-ce!I can be 
stimulated by VD3 or RA. While both regulatory pathways seem to converge on the 
same cis-elements, each hormone uses its own distinctive trans-factors, RAR/RXR for 
RA and VD3R or VD3R/RXR for VD3. 


463 

MICROARRAY STUDIES OF ANGIOGENEIC FACTORS AND 
CHEMOKINES EXPRESSED IN MICROENCAPSULATED ISLETS OF 
LANGERHANS. 

A King, C. Carlsson and A. Andersson. Dept, of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden. 

Background and Aims: Microencapsulation of islets of Langerhans may provide the 
means to transplant islets in the absence of immunosuppression. However, little is 
known about the cell biology of microencapsulated islets. An increased expression of 
chemokines in microencapsulated islets could induce an immune response against the 
microencapsulated islets and angiogeneic factors may be expressed in response to 
hypoxia. TKe aim of this project was to study the mRNA expression of chemokines 
and angiogeneic factors in microencapsulated islets of Langerhans. Materials and 
Methods: Islets were isolated from Balb/c mice and after 5-7 days culture, 
microencapsulated in alginate/poly-L-lysine/alginate capsules. Microencapsulated or 
free islets were then cultured for an additional 1-week period. Alternatively,, 
microencapsulated islets were either syngeneically transplanted or cultured for 3 days. 
To isolate RNA, islets were removed from the capsules, by means of microdissection, 
and lysed in lysis buffer. RNA was then isolated using RNeasy kit. A microarray kit 
(GeArray) was used to study the mRNA expression of a variety (23-24) of 
chemokines and angiogeneic factors, which were compared with beta-actin and 
gIyceraldehyde-3-phosphatase dehydrogenase (GAPDH) expression. Results: The 
most abundant chemokines detected after 1-week culture were macrophage 
inflammatory protein lalpha (MIP-lalpha), and to a lesser extent, 1-309 (or scya 1; 
small inducible cytokine At precursor), both of which were expressed at similar 
levels in free and microencapsulated islets. A variety of angiogeneic factors were 
detected to similar extents in free and microencapsulated islets after 1-week culture. 
These included tyrosine kinase receptor 1 (Tie 1), vascular endothelial growth factor 
(VEGF), angiogenin, angiopoietin and the anti-angiogeneic factor endostatin. 
However, transplanted microencapsulated islets had lower expression of VEGF, Tie 1 
and angiopoietin compared with cultured microencapsulated islets. Conclusions: Islet 
expression of a variety of chemokines and angiogenic factors was not altered by 
microencapsulation. However, the expression of some angiogeneic factors w’as 
decreased after transplantation of microencapsulated islets. 
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ASSESSMENT BY D-[ 3 H]MANNOHEPTULOSE UPTAKE OF B-CELL 
DENSITY IN ISOLATED ISLETS FROM GOTO-KAKIZAKI RATS 
L. Ladriere, A. Sener and W.J. Malaissc. Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium 
Background and Aims: The uptake of D-[ 3 H]mannoheptulose, as mediated 
mainly by GLUT2, was recently proposed as a tool to assess the relative 
contribution of insulin-producing cells to the total mass of isolated islets. 
This procedure was so far only used, however, in a comparison between 
control rats and animals injected with streptozotocin a few days before the 
experiments. In the present study, the validity of this novel approach was 
further explored by comparing the uptake of D-[ 3 H]mannoheptulose by islets 
isolated from either control rats or hereditarily diabetic Goto-Kakizaki rats 
(GK rats). Materials and Methods: Pancreatic islets isolated by the 
collagenase procedure from fed female Wistar rats or GK rats were incubated 
for 60 min at 37°C in groups of 20 islets each in 0.1 ml of a salt-balanced 
medium containing 8.3 mmol/1 D-glucose, 2.0 mmol/1 sucrose and 0.1 
mmol/I D-mannoheptulose mixed with tracer amounts of [U-l^C] sucrose ^ 
either ^HOH, D-[5- 3 H]glucose or D-[ 3 H]mannoheptuIose. The islets were 
then separated from the incubation medium by centrifugation through a layer 
of oil. Results: The extracellular [U-^Cjsucrose and intracellular [^HOHJ 
spaces were not significantly different in control and GK rats. The 
intracellular D-[5- 3 H]gIucose space was slightly lower in GK rats (1.83 ± 
0.09 nl/islet; n = 16; P < 0.05) than in control animals (2.12 ± 0.11 nl/islet; n 
— 16). The intracellular D-[ 3 H]mannoheptulose space was much lower in GK 
rats (1.07 ± 0.06 nl/islet; n = 15; P < 0.005) than in control animals (1.51 ± 
0.11 nl/islet; n - 16). Conclusions: The present data are in close agreement 
with those of a prior morphometric study indicating that the density of B- 
cells in isolated islets from adult GK rats represents only 78.5 ± 2.5 % of the 
mean corresponding control value (100.0 ± 1.3 %). 
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POTENTIATION BY METHYL PYRUVATE OF GLP-1 INSULINOTROPIC 
ACTION. 

I. Valverde, J. Cancelas, M.L. Villanueva-Penacamllo and W.J. Malaisse 
Fundacion Jimenez Diaz, Madrid, Spain and Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium. 

Background and Aims: Methyl pyruvate (MP) stimulates insulin release both in vivo 
and in vitro. The present study aimed at investigating whether MP is able to enhance 
the B-cell secretory response to glucagon-like peptide (GLP-1). Materials and 
Methods: Fed male Wistar rats anaesthetised with pentobarbital recieved 
intravenously either saline or MP diluted in saline (2 pmol/g body wt in 30 s, 
followed by 1 pmol/g per min to min 15). Either saline or GLP-1 in saline (5 pmol/g) 
was injected 5 min after the onset of the test. Plasma insulin and glucose 
concentrations were measured in blood samples collected from a carotid artery. Data 
are presented as mean±SEM. The statistical significance of difference between mean 
values was assessed by Student’s t-test Results: Two to five min after injection and 
subsequent infusion of MP, the plasma insulin concentration was increased by 
2.70±55 ng/ml (n=18), as compared (p<0.001) to a paired change of-0.14±0.28 ng/ml 
(n=16) in the control experiments. The integrated GLP-1 induced increment in plasma 
insulin concentration (min 5 to min 20 inclusive) above the pair value recorded at the 
5th min of the test, just before GLP-1 injection, averaged, in the presence of MP, 
102.8±24.4 (ng x min)/ml, as compared to only 22.6±2.2 (ng x min)/ml in the absence 
of MP (n^4 in both cases, p<0.02). In these experiments, MP increased the plasma 
glucose concentration by 0.52±1.13 and 2.72±0.59 mmol/1 (n-9 and p<0.05 in both 
cases) at min 5 and 20, rspectively, whilst no significant change in plasma glucose 
concentration was recorded in the absence of MP. Nevertheless, the insulinogenic 
index (paired ratio between plasma insulin and glucose concentration) was 
significantly higher in the presence than in the absence of MP, both at min 5 (4S6±9$ 
vs 172±29 jig/mol, n=8-9, p<0.02) and 2 and 5 min after injection of GLP-1 
(2.31 ±0.31 vs 0.77±0.13 mg/mol, n=8, p<0.001). Conclusions:These findings 
indicate that, under the present experimental conditions, MP acts as both an insulin 
secretagogue and gluconeogenic precursor, and potentiates the B-cell secretory 
response to GLP-1. 
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DISSOCIATED EFFECTS OF CYTOCHALASIN B AND D ON GLUCOSE 
TRANSPORT, METABOLISM AND INSULINOTROPIC ACTION IN 
ISOLATED RAT ISLETS 

W.J. Malaisse and A. Sener. Laboratory of Experimental Medicine, Brussels 
Free University, Brussels, Belgium 

Background and Aims: Cytochalasin B inhibits glucose metabolism, but 
enhances glucose-induced insulin release in isolated islets. The significance 
of these findings was investigated by comparing the effects of cytochalasin B 
and D upon glucose transport, catabolism and insulinotropic action in rat 
islets. Materials and Methods: The distribution space of 3-O-methyI-D- 
[U- ,4 C]glucose was corrected for that of [U-' 4 C]sucrose, both expressed 
relative to the paired 3 HOH space, in islets separated from the incubation 
medium by centrifugation through an oil layer. D-[5- 3 H]gIucose utilization, 
D-[U- ,4 C]glucose oxidation and insulin release were measured over 90 min 
incubation at 37°C. Results: Over 5 or 15 min incubation, cytochalasin B, 
but not cytochalasin D (both 0.02 mmol/l), decreased by 32-37 % the 
intracellular distribution space of 3-0-methyl-D-[U- ,4 C]glucose. 
Cytochalasin B also decreased D-[5- 3 H]glucose utilization and, to a lesser 
extent, D-[U- ,4 C]glucose oxidation, whilst cytochalasin D failed to affect the 
catabolism of D-glucose. Yet, cytochalasin D was slightly but significantly 
less efficient than cytochalasin B in augmenting glucose-stimulated insulin 
output, whether at 8.3 or 16.7 mmol/l D-glucose and whether in the absence 
or presence of forskolin (10 pmol/1). Such was not the case, however, when 
comparing the effect of cytochalasin B and D upon insulin release evoked by 
non-glucidic nutrients, such as 2-ketoisocaproate or the association of L- 
leucine and L-glutamine (all 10 mmol/l). Conclusions: The dissociated 
effects of cytochalasin B and D upon the transport and further metabolism of 
D-glucose and its insulinotropic action suggest a so-far-unidentified 
interference of cytochalasin B with the B-cell glucose-sensing device. 
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SITE-DIRECTED MUTATIONS IN THE FAD-BINDING DOMAIN OF 
GLYCEROPHOSPHATE DEHYDROGENASE : CATALYTIC DEFECTS 
WITH PRESERVED MITOCHONDRIAL ANCHORING OF THE 
ENZYME IN TRANSFECTED COS-7 CELLS 

M.E. Fabregat, M. Gudayol, J. Rasschaert*, A. Sener*, W.J. Malaisse* and 
R. Gomis. Diabetes Unit, Hospital Clinic, Barcelona, Spain; *Laboratory of 
Experimental Medicine, Brussels Free University, Brussels, Belgium 
Background and Aims: Single strand conformation polymorphism analysis 
of mitochondrial FAD-linked glycerophosphate dehydrogenase (mGDH) 
gene has revealed mutations in both the calcium- and FAD-binding domains 
of this enzyme in some diabetic patients. It was now investigated whether 
site-directed mutations in the FAD-binding domain of the mGDH gene may 
affect the mitochondrial anchoring and catalytic activity of the enzyme. 
Materials and Methods: COS-7 cells were transfected with plasmid cDNA 
coding for either wild type or mutated human mGDH (G->A substitutions at 
positions 352, 355 and 364 and A-»C substitution at position 390) fused at 
the N-terminus of green fluorescence protein. The activity of mGDH was 
measured by both a radioisotopic ( 3 HOH production from L-[2- 3 H]glyceroI-3- 
phosphate) and colorimetric (iodoformazan formation) procedure. Results: In 
cells transfected with the mGDHwt-EGFP or mGDHmut-EGFP constructs, 
the fused protein was found by confocal microscopy exclusively in the 
mitochondria, colocalized with a mitochondrial marker. In homogenates of 
COS-7 cells transfected with mGDHmut, however, the catalytic activity of 
the enzyme was decreased, this coinciding with low ratios between both the 
activities measured in the absence/presence of exogenous FAD and the 
results obtained by the colorimetric/radioisotopic procedure. Conclusions: 
Although the present site-directed mutations of the mGDH gene failed to 
impair the mitochondrial anchoring of the enzyme, they led to catalytic 
defects that were, in some respect, comparable to those previously 
encountered in the lymphocytes or islets of type-2 diabetic patients. 
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Mitochondrial metabolism sets the upper limit of fuel-stimulated insulin 
secretion: Evaluation by computer simulation and engineered triose-stimulated 
insulin secretion 

Peter A. Antinozzi*,# and Claes B. WoIIheim* 

•Division of Clinical Biochemistry, University of Geneva, Switzerland, ^'Center for 
Learning, Organism, and Cell Simulations, www.clocs.com 

Background and Aims: We have recently developed a computer model of beta-cell 
metabolism to test theories of metabolism secretion coupling. Agreeing with published data on 
the high control strength of glucokinase, this computational model demonstrates that glycolytic 
metabolites and mitochondrial oxidation increase with increasing glucose concentrations until 
reac h i n g a plateau around 20mM glucose. Since glycolytic and mitochondrial pools of 
metabolites increase similarly, it is difficult to discern their individual roles on insulin 
secretion. Our goal in this study is to discriminate the importance of these two metabolite pools 
in metabolism secretion coupling. 

Materials and Methods: In silico experiments were performed with the CLOCS four- 
compartment beta-cell model. In vitro experiments were performed in INS-1 cells treated with 
glycerol kinase adenovirus. Metabolites were measured by spectrophotometric enzymatic 
techniques and mitochondrial membrane potential by rhodaminc-123 fluorescence. 
Mitochondrial calcium was measured with aequorin luminescence and insulin secretion was 
monitored simultaneously from a perifusion setup. 

Results: Utilizing computer simulations, we devised a strategy to increase the triose pool 
(DHAP, GlcP) above levels achieved with a maximally stimulatory glucose concentration. 
Expression of glycerol kinase was selected since beta-cells are permeant to glycerol and 
express suitable levels of glycerol phosphate dehydrogenase necessary to drive glycerol 
phosphate into the lower half of glycolysis. Transducing INS-1 cells with the glycerol kinase 
adenovirus and using 2mM glycerol achieves a triose concentration of 295 +/- 28 uM compared 
to 112 +/- 40 uM with 16mM glucose. Fructose 1,6 BP levels arc >4-fold higher with 2mM 
glycerol (1287 +/- 202 uM) versus 16mM glucose (305 +/- 175 uM). Cells treated with 2mM 
glycerol secrete 3 times mere lactate than cells treated with 16mM glucose. Despite these large 
increases in gly colytic metabolites, insulin output is no greater with 2mM glycerol compared to 
I6mM glucose. We therefore evaluated if mitochondrial metabolism limits insulin secretion. 
Mitochondrial membrane potential is similar between 2mM glycerol and I6mM glucose 
treatment as is the peak mitochondrial calcium concentration, 768 +/- 196nM versus 792 +/- 
218nM, respectively. 

Conclusions: Based on these observations, we conclude that the capacity of mitochondrial 
metabolism sets the upper limit of fuel-mediated insulin secretion. 
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AN OMEGAS LIPOXYGENASE FATTY ACID METABOLITE 
UFREGULATES THE NUMBER OF READILY RELEASEABLE INSULIN 
GRANULES 

X-J.'Jing, R. Ivarsson, A. Salehi, B. Strandvik*, M Korotkova* and E. RenstrOm. 
•Lund University and Goteborg University, Sweden. 

Background & Aims: Metabolism of the essential fatty acids (EFA) linoleate (omega-6) and 
linolenate (omcga-3) is suggested be important for adaptation of insulin secretion under various 
conditions. Arachidonic acid (AA) is synthesised via the omcga-6 pathway and is further 
metabolised by lipo- & cyclooxygenases. Here, we have elucidated the role of omega-6 EFA 
for B-cell electrical activity, single-cell release kinetics and insulin secretion. 

Materials & Methods: Female Sprague Dawley rats were fed with a semi-synthetic diet 
without either omcga-6 EFA. Insulin release from isolated islets in static incubations was 
measured using RIA. Single B-cell electrical activity was monitored using the patch clamp 
technique combined with capacitance recordings of exocytosis. 

Results: Glucose-stimulated insulin secretion was suppressed by ~-30% in omcga-6-deficient 
(06D) rat islets, in spite of normal glucose-induced inhibition of ATP-sensitive K-channels and 
even slightly accelerated action potential firing rate in B-ccli dusters from 06D rats. The latter 
effect could be explained by voltage-gated Ca2+-influx being almost 3-fold potentiated. 
Integrated Ca2+ currents elicited by single 500 ms depolarisations averaged 28+-10 and 85+-11 
pC in 06D and control cells, respectively (P<0.001; n= 15 (06DJ &. 12 [control]). However, 
depolarisation-evoked exocytosis in 06D B-cells averaged only 38% of that observed in normal 
cells (P<0.05; n= 8[06D] & 9[contro!]). Whereas a single depolarisation releases the readily 
rclcascable pool of insulin granules, intracellular dialysis of a Ca2+-containing pipette solution 
elicits sustained exocytosis that involves recruitment of new insulin granules for release. This 
process was likewise inhibited by -60% in 06D rats (PO.Ol; n= 12[06D] & 15[contro!]). The 
06D-induccd suppression of exocytosis was fully counteracted by either linoleic or arachidonic 
acid (5 uM). By contrast, neither excess omega-3 or the non-mctabolisable AA analogue ETYA 
(10 uM) could reconsitutc exocytosis. The AA-mediatcd potentiation of exocytosis was 
prevented by the 12-lipoxygenase inhibitor esculin (0.5 uM). In addition, the AA stimulatory 
action depended on protein kinase C and was abolished by bisindolylmaleimidc. 

Conclusions: An omega-6 lipoxygenase metabolite is crucial for B-cell function by: 1) 
upregulating Ca2+-induccd insulin release via a PKC-dcpcndent mechanism, and 2) making 
Ca2+-signalling more efficient These results favour the ideas that omcga-6 metabolism plays a 
role for enhancing GSIS with increasing insulin resistance and for protection against type 1- 
diabetes. 
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DOES GLUTAMATE CONVERSION TO GABA PREVENT THE 
STIMULATION OF INSULIN SECRETION BY L-GLUTAMINE IN ISLETS ? 
J. Tamarit-Rodriguez, S. Fernandez-Pascual, A. Mukala-Nsengu-Tshibangu and R. 
Martin del Rio*. Biochemistry Department, School of Medicine.CompIutense 
University and •Research Department, Hospital'Ramon y Cajal', Madrid, Spain 

Background and Aims:It is generally assumed that the allosteric activation of islet glutamate 
(Glu) dehydrogenase by L-Icucine increases Uglutamine (Gin) metabolism in the Krebs cycle, 
thereby stimulating insulin secretion. 

Materials and Methods: We have investigated the effects of 10 mmol/1 L-lcucine (Leu) on 
14C02-production from L-[U-14C]gIutamine (pmol/ng protein) and on islet amino acids 
(pmolh x pg protein) by means of their dcrivatization with o-phtalaldehyde and HPLC- 
separation of the flour escent derivatives. 

Results: [U-14C]GIn conversion to 14C02 followed a hyperbolic relationship with the 
concentration (0.1 to 10 mmol/1) and the half-maximal rate was reached at 0.5 mmol/1. Gin was 
also converted to other amino acids :half-maximal levels of GABA were reached around 0.3 
mmol/1 and those of Asp and Glu at 0.5 and 1.0 mmol/1, respectively. Leu stimulated a 
predominantly monophasic release of insulin which became biphasic in the presence of 10 
mmol/1 Gin (20.3±1.5,n=41, vs. 9.8±1.8 r n=13,p<0.001). This secretory synergism between Leu 
and Gin was suppressed by 10 mmol/1 malonic acid dimethy l ester (a competitive inhibitor of 
succinic acid dehydrogenase) (9.5±I.8,n=6, vs. 20.3±1.5,n=41;p<0.01). Leu decreased the islet 
content of Gin (55.6±3.5,n=6, vs. 73.9±3.3,n=6;p<0.01) and GABA (43.5±3.4,n=6, vs. 
70.6±4.2,n=6;p<0.001) in islets incubated with 10 mmol/1 Gin but it did not modify the rate of 
14C02-production from 10 mmol/1 [U-I4C]GIn. At 0.5 mmol/1 Gin, the rate of 14C02- 
production was significantly decreased by Leu either in the absence (I9.9±l.4,n=8, vs. 
30.4±1.6,n=21;p<0.001) or presence (16. I±l.l^i=4, vs. 27.5±2.4 J n :i 4,p<0.01) of 2 pg/ml 
oligoraycin. The latter did not exert any significant effect. Leu diminished significantly the 
intracellular contents of Glu (22.6±1.4,n=6, vs. 31.7±2.0,n=6;p<0.01), Gin (3.3±0.4,n=6, vs. 
5.5±0.8,n=6;p<0.05) and GABA (22.2±1.7,n=6, vs. 45.3±4.5,n-6,p<0.001) in islets incubated 
with 0.5 mmol/1 Gin. 

Conclusions: 1. [U-14C]Gln conversion to 14C02 was not sensitive to oligomycin and it was 
mostly accounted for by islet GABA accumulation (Glu-dccarboxylation).2. Leu induced a 
parallel decrease of islet GABA accumulation and 14C02-production from [U-14C]Gln.3. It is 
proposed that inhibition of GABA synthesis by Leu, together w ith its well known activation of 
glutamate dehydrogenase, diverts more Glu into the Krebs cycle and this accounts for the 
observed secretory synergism between Leu and Gin. 
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CARBONIC ANHYDRASE ACTIVITY IN PANCREATIC ISLETS 
P. Courtois, A. Sener and W.J. Malaisse. Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium 
Background and Aims: Carbonic anhydrase isoenzymes may participate in 
nutrient-induced insulin release by coupling the exchange between influent 
COjH‘ and effluent Cl’ to the intracellular conversion of C0 3 H“ and H + to 
C0 2 and H 2 0, by providing bicarbonate for mitochondrial pyruvate 
carboxylase and subsequent circulation in the pymvate-malate shuttle and/or 
by regulating mitochondrial Ca 2+ concentration. The expression of carbonic 
anhydrase in islet B-cells was recently documented by both 
immunohistochemical staining and Western blot analysis. We have now 
measured carbonic anhydrase activity in islet homogenates. Methods: 
Carbonic anhydrase activity was judged from the rate of l4 C0 2 production 
from ,4 COjH~, as catalyzed by islet or parotid cell homogenates. Results: In 
islet homogenates, the generation of U C0 2 from l4 COjH', was proportional to 
incubation time (3-9 min), bicarbonate concentration (0.05-0.5 mmol/1) and 
islet number (30-60 islets). At an 0.5 mmol/1 bicarbonate concentration, it 
averaged 2.6 ± 0.6 pmohmin"’ per pg protein, representing about 25 % of the 
value in parotid cell homogenates, in which carbonic anhydrase represents an 
export protein. Acetazolamide inhibited enzymic activity in both islet and 
parotid homogenates, but differences in concentration dependency suggested 
the participation of distinct isoenzymes. In intact islets, acetazolamide (0.1- 
5.0 mmol/1), although causing a progressive increase in the ratio between D- 
[U- ,4 C]gIucose oxidation and D-[5- 3 H]glucose utilization, progressively 
decreased insulin output evoked by D-glucose (16.7 mmol/I). Conclusions: 
The present findings reveal that carbonic anhydrase activity in islet 
homogenates would be sufficient to ensure full conversion of glucose-derived 
C0 2 to bicarbonate, and indeed suggest that integrity of the enzyme activity is 
required to ensure a normal secretory response of the islet B-cells to D- 
glucose. 
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A NMR STUDY OF GLUCOSE AND ALANINE METABOLISM BY THE BETA 
CELL LINES RL\m5F AND BREV-BDII. 

L. Brennanl, A. Shine 1, C. Hewagel, K. M. Brindle2, J.P.G. Mahhousel, N.R 
McCIenaghzn3, P. R. FIatt3 and P. Newsholmel. 1 Department of Biochemistry, 
University College Dublin, Belfiefd, Dublin 4, Ireland 

2Department of Biochemistry, University of Cambridge, Cambridge CB2 IGA, UK. 
3SchoooI of Biomedical Sciences, University of Ulster, Coleraine, N. Ireland 
Background and Aims: Despite many studies of glucose and amino-acid induced insulin 
secretion little is known about the relative importance of the various routes of metabolism 
of these secretagogues. A study was designed to identify the key metabolic end-products 
of beta-cell glucose and alanine metabolism. Although it is clear that metabolism of 
glucose is required for insulin secretion it is not yet clear whether metabolism of alanine is 
required for the stimulatory effect of this amino acid on insulin secretion. 

Materials and Methods: BRIN-BD1J and RINm5F cells were grown in RPMI media 
supplemented with 10 % FCS, 2mM glutamine and antibiotics. Cells were subsequently 
incubated in monculture at a density of 0.7-0.8x108 cells per 60mL KRB buffer pH 7.4 
which was supplemented with either lOmM 3-13C labelled alanine or 16.7mM 1-13C 
labelled glucose. The cells were extracted with 6 % PCA and debris removed from the 
flask using a cell scrapper. After centrifugation the cell extracts were neutralised with 
KOR The resulting supernatant was freeze dried A NMR sample was then prepared and 
13C NMR spectra were acquired using either a Varian Unity Plus 400 MHz spectrometer 
or a Bruker DRX 500 MHz spectrometer. 

Results: Identification of key metabolites was achieved using 13C NMR. When beta-cells 
were incubated in the presence of 16.7mM glucose the NMR detectable metabolic end- 
products included lactate, acetate, glutamate and alanine. When beta-cells w ere incubated 
in lOmM alanine the NMR detectable metabolic end-products included acetate, lactate, 
glutamate and aspartate. When both glucose and alanine were included in the incubation 
medium the presence of alanine dramatically enhanced all aspects of glucose metabolism. 
Conclusions: We detected similar key end-products of glucose metabolism by RINm5F 
and BRTN-BD11 cells. It has been suggested that Na+-alanine co-transport is responsible 
for alanine induced insulin secretion via depolarisation of the plasma membrane. 
However, we have demonstrated significant metabolism of alanine by RINm5F and BRIN 
BD11 cells which may be related to the enhanced rates of insulin secretion observed in the 
presence of this amino acid Future work will involve determining the impact of the rate of 
generation of key end-products of metabolism, to rates of insulin secretion from the intact 
beta-cell cultured at high density in a purpose built bioreactor. 
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k atp channels are present but do not seem to be involved 

IN THE STLYIULATION OF MOUSE PANCRATIC ALPHA-CELLS 
E. Vieira, Y.J. Liu and E, Gylfe. Department of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden 

Background and aims: Relatively little is known about the signal transduction 
underlying glucagon secretion. We now study the effect of natural stimuli like 
adrenaline and amino acids on the cytoplasmic Ca 2 * concentration ([Ca2+]j), which 
controls glucagon release from the pancreatic a-cell. 

Materials and Methods: Single cells were prepared from pancreatic islets of normal 
mice. 

[Ca 2 *], was measured with a digital imaging technique and the cells were then 
identified by immunostaining. 

Results: In the presence of 3 mmol/1 glucose no insulin-releasing 0-cells and only 
about 5% of the a-cells exhibited spontaneous activity with large amplitude 
oscillations of [Ca 2 *l in the 0.2-0.5 /min range. Previously silent a-cells but not (3- 
cells were found to react to adrenaline and low concentrations of glutamine and 
glycine with elevation of [Ca 2 *]j often manifested as oscillations. In contrast 
practically all (3-cells but only about 6 % of the a-cells showed a [Ca 2 *Jj response to 
tolbutamide, which inhibit ATP-dependent (Katp) channels. The K ATP channel 
activator diazoxide and an inhibitor of voltage-dependent Ca 2 * channels prevented the 
maintained a-cell response to adrenaline and amino acids, but the inhibitory action of 
diazoxide was reversed by tolbutamide. Nevertheless, diazoxide did not preclude the 
initial [Ca 2 *], elevation of in response to adrenaline. The adrenaline effect was 
mimicked by forskolin and antagonised by inhibitors of protein kinase A as well as by 
the P-adrenergic antagonist propranolol. 

Conclusions: Mouse pancreatic a-cells have Katp channels although their function is 
obscure. Adrenaline and amino acids act by raising [Ca 3 ^, via influx through voltage- 
dependent channels. The adrenaline effect involves rise of cAMP and mobilisation of 
intracellular Ca 2+ . 
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ENZYMATIC ACTIVITIES IN TWO POPULATIONS OF PURIFIED RAT 
ISLET B-CELLS 

D. Mercan, A. Sener and W.J. Malaisse. Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium 
Background and Aims: In terms of glucose sensing by islet B-cells, 
emphasis is often placed on both the role of glucokinase, with negligible 
activity of low-Km hexokinase(s), and the prevalence of the oxidative 
modality of glycolysis, a situation attributed by certain authors to a low 
lactate dehydrogenase activity. Conflicting information is available, 
however, on the activity of both low-Km hexokinase(s) and lactate 
dehydrogenase in B-cell homogenates. This issue was reinvestigated, 
therefore, in two populations of purified rat islet B-cells selected on the basis 
of their low (BL) or high (BH) content in NAD(P)H. Materials and 
Methods: Rat islet B-cells were identified by their Fluo3 fluorescence and 
forward scatter of light. Their NAD(P)H fluorescence at 16 mmol/1 D- 
glucose was simultaneously measured, and the cells in the lower and upper 
tertiles of NAD(P)H signal intensity sorted as the BL and BH cells. Results: 
The mean size, protein content and activity of low-Km hexokinase, lactate 
dehydrogenase, mitochondrial glycerophosphate dehydrogenase, glutamate 
dehydrogenase, glutamate-alanine transaminase and glutamate-aspartate 
transaminase was about twice higher in BH than BL cells. The activity of 
glucokinase was comparable, however, in BL and BH cells. Even in BL cells, 
the activity of low-Km hexokinase at 1.0 mmol/1 D-glucose was not lower 
than that of glucokinase at 10.0 mmol/1 D-glucose. Likewise, even in BL 
cells, the activity of lactate dehydrogenase, although being assessed from the 
unfavourable rate of L-Iactate conversion to pyruvate and when expressed as 
D-glucose equivalent, was not significantly low er than that of glucokinase at 
10.0 mmol/1 D-glucose. Conclusions: A low expression of low-Km 
hexokinase(s) and lactate dehydrogenase, as postulated by other authors, is 
not evident in purified rat islet B-cells. 
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ROLE OF THE SARCO-ENDOPLASMIC RETICULUM Ca 2+ -ATPASE 
SERCA3 IN Ca 2 * SIGNALING IN MOUSE (3-CELLS. 

A. Arredouani 1 , J.G. Pcrtusa 1 , J.F. Rolland 1 , J.C. Jonas 1 , L.H. Liu 1 , G.E. 
Shull 1 , J.C. Henquin 1 and P. Gilon 1 . * University of Louvain, Faculty of 
Medicine, Brussels, Belgium and 2 Department of Molecular Genetics, 
University of Cincinnati College of Medicine, Cincinnati , USA. 

Pancreatic islets express both the high Ca 2 *-affinity SERCA2b and the low 
Ca 2+ -affinity SERCA3. Dysregulation of the SERCA3 activity has been 
associated with type 2 diabetes in mice and humans. Wild type (+/+) and 
SERCA3 KO (-/-) mice were used to evaluate the role of SERCA3 in (3-cell 
[Ca 2+ ] c regulation and insulin secretion, and to estimate its contribution to 
glucose homeostasis. Methods. [Ca 2+ ] c was measured (fiira-PE3) in isolated 
islets or clusters of islet cells, and insulin secretion was monitored from 
perifused islets. Results. Stimulation with 15 mmol/1 glucose (G) induced an 
initial, transient drop in [Ca 2+ ] c ascribed to pumping into the endoplasmic 
reticulum (ER) because of its suppression by thapsigargin (TG). This drop 
was unaffected by SERCA3 ablation. Mobilization of intracellular Ca 2+ by 
acetylcholine or TG was similar in +/+ and -/- (3-cells. [Ca 2+ ] c oscillations 
induced by glucose or pulses of high K + normally display a slow descending 
phase caused by slow Ca 2 * release from the ER. SERCA3 ablation (like TG) 
increased the peak of [Ca 2+ ] c during the oscillations and accelerated the 
descending phase. This indicates that Ca 2 * released by the ER into the 
cytosol at the end of each oscillation was pumped into the ER by SERCA3 
during the upstroke phase. Average [Ca 2 *] c at 3 to 20 mmol/1 G was similar 
in +/+ and -/- (3-cells. Diphasic insulin secretion in response to 15 mmol/1 
was not smaller in -/- than +/+ islets. Rcfeeding after 24h fasting did not 
reveal impaired glucose homeostasis in -/* mice. Conclusions SERCA2b 
pumps Ca 2+ into the ER at basal [Ca 2+ ] c in (3-cells. SERCA3 becomes 
operative when [Ca 2+ ] c is elevated during [Ca 2 *] c oscillations. SERCA3 
expression is not required for normal insulin secretion and glucose 
homeostasis, and its defective expression does not contribute to development 
of type 2 diabetes as previously suggested. 
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THE HUMAN PEPTIDE, alpha-ENDOSULFLNE, DIRECTLY BLOCKS L- 
TYPE CA2+ CURRENTS IN MIN6 0-CELLS. 

A Virsolvy*, P.A Smith§, L. Heron*, D. Bataille* and L. Gros*. *INSERM U376, 
Montpellier, France. §GlaxoWel!come Institute of Applied Pharmacology, 
Cambridge, UK. 

Background and Aims: alpha-Endosulfine, a 121-amino acids 13-kDa protein which belongs 
to the cAMP-regulated-phosphoprotcin family, was originally isolated as an endogenous ligand 
for the sulfonylurea receptor. alpha-Endosulfinc has been shown to displace sulfonylurea 
binding, block ATP-scnsitive K+-channels activity (KATP) and stimulate insulin secretion at 
basal glucose concentrations. At stimulator) - glucose concentration, alpha-cndosulfinc inhibits 
trunilin secretion and calcium influx. This inhibition, independent of KATP blockade, is 
observed on MIN6 B-ccIIs and isolated perfused rat pancreas. We have investigated the 
electrophysiological mechanism underlying this inhibitory effect 

Materials and Methods: Using the perforated-patch wholc-ccll patch-clamp technique, we 
have recorded on MIN6 cells the effects of alpha-cndosulfinc on membrane potential and 
calcium currents. Each value is quoted as meant s.e.m. 

Results: In the absence of glucose, the membrane potential (Vra) of the MIN6 cell was 
electrically silent at -67±1 mV (n=16). Under these conditions, the addition of I pM alpha- 
endosulfine resulted in a rapid depolarization of the membrane potential to a steady-state value 
of -I9±6 mV (n=3) and a transient firing of action potentials. The presence of 10 mM glucose 
depolarized the MIN6 membrane potential to -51 ±2 mV and induced action potential firing. 
Subsequent addition of 1 pM alpha-cndosulfinc further depolarized Vm to -20±3.9 mV (n=7); 
this was associated with the abolition of action potentials. These effects were entirely reversed 
on removal of the peptide. Similar experiments performed with 200 pM tolbutamide showed 
that the sulfonylurea did not mimic the effect of alpha-endosulfinc, but instead produced a 
«:rmTl depolarization which was associated with a maintained stimulation of electrical activity. 
Under voltage-clamp, characteristic inward Ca2+-currents flowing through L-t>pe Ca2+- 
channcls w ere elicited at potentials positive to -60 mV flora holding potential of-70 mV. At 0 
mV, I pM alpha-endosulfine blocked the peak current by 40±2.3% and the steady-state current 
by 85±4% (n=4). The block was independent of both use and voltage. 

Conclusions: The primary event occurring upon addition of alpha-cndosulfinc to MIN6 cells 
subjected to glucose stimulation, is inhibition of L-t)pe Ca2+-channcls. alpha-Endosulfinc acts 
as an open Ca2+-channcl blocker reducing Ca2+ influx and consequently insulin secretion. 
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Impaired transport of insulin secretory - granules in the rat insulinoma cell line 
INS-1 expressing antisense Ca2+/caImoduIin dependent protein kinase II d2 
(CaM Kin II d2) 

S.Wolter, tfM.Osterhoff, #M.Moehlig, H.Schatz, tt A. Pfeiffer 

Ruhr-University of Bochum, U German Institute of Human Nutrition Potsdam- 
Rehbrucke, Germany 

Introduction: CaM Kin II d2 is supposed to play a role in stimulated insulin 
secretion. Synapsin 1 mediated actin web debundling after phosphorylation by CaM 
Kin II d2 is one mechanism thought to be involved in the regulated refilling of the so 
called readily releasable pool of insulin granules. We had shown a strong association 
between insulin secretory granules and CaM Kin II d2 by means of subcellular 
fractionation and immunofluorescence as well as coprecipitation of synapsin 1 and 
CaM Kin II d2 in previous works. An INS-1 cell line overexpressing antisense CaM 
Kin II d2 showed a decrease in CaM Kin II expression. 

Aim: It was the aim of this study to investigate the distribution of insulin granules in 
insulinoma cells overexpressing CaM Kin II d2 by confocal microscopy. 

Methods: INS-1 cells overexpressing antisense CaM Kin II d2 were grown in RPMI 
1640 medium under standard conditions. Confocal laser immunofluorescence was 
done with a Zeiss laser scanning microscope. Visualization was performed with a 
anti-insulin antibody and anti-mouse secondary antibody purchased from sigma 
Results: Confocal laser immunofluorescence of antisense cells showed a pattern of 
insulin granule distribution distinct from wt INS-1 cells. In contrast to the regular 
submembraneous pattern of insulin secretory granules in INS-1 there was a 
perinuclear pattern of insulin secretion granules in CaM Kin II d2 antisense 
expressing cells. 

Discussion: These findings point toward a role of CaM Kin II d2 in the modulation of 
insulin granule transport to the plasma membrane. The transport defect may be the 
consequence of decreased synapsin 1 phosphorylation due to CaM Kin II d2 antisense 
expression. 
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Falmitate potentiates glucose-induced insulin secretion by increasing cytoplasmic 
Ca2+ and electrical activity in mouse B-cells 
C. Olofsson, A Salehi, P. Rorsman 

Departments of Molecular and Cellular Physiology and Pharmacology, Lund 
University, Lund, Sweden 

Background and Aims: It is well established that acute exposure of pancreatic islets to free 
fatty acids leads to stimulation of insulin release. We have conclated the effects of palmitale on 
insulin secretion to changes of the cytoplasmic free Ca2+ ([Ca2+]i) with the goal of identifying 
the participating mechanisms. 

Materials and Methods: Collagenase-isolated intact mouse pancreatic islets were used 
throughout. Changes in [Ca2+]i were recorded in fura-2 loaded islets using microfluorimetry. 
Insulin secretion was assessed by radioimmunoassay. Electrical activity was measured appljing 
the perforated patch whole-cell configuration to B-cells in intact islets. Palmitate was applied at 
a concentration of 1 mM and was dissolved with 1% fatty acid free bovine scrum albumin. 
Results: Palmitate had no effect on basal insulin release measured at 3 mM glucose. Adding 
palmitate to islets exposed to 7J or 15 mM glucose increased insulin secretion by 40% and 
85% respectively (n=8). The amount of insulin released in the simultaneous presence of "7.5 
mM glucose and palmitate approached that obtained in response to 15 mM glucose alone. In 
islets exposed to 15 mM glucose, [Ca2+]i oscillated between a plateau level and discrete peaks. 
The frequency of these oscillations (peak-to-peak) was 2.2+0.58 min-1. Addition of 1 mM 
palmitate slightly (»15%) elevated the plateau concentration and increased the frequency of the 
oscillations to 3.2+0.46 miri-I (+45%). Occasionally (20%), addition of palmitate suppressed 
the oscillatory pattern and produced a sustained elevation of [Ca2+]i. [Ca2+]i rarely oscillated 
in islet exposed to the subthreshold glucose concentration 7.5 mM but oscillations similar to 
those seen at i 5 mM glucose were then inducible by addition of palmitate. These effects of 
palmitate on [Ca2+-]i and insulin secretion correlated with stimulation of glucose- 
induccd (15 mM) electrical activity and the normal bursting pattern was replaced by 
uninterrupted action potential firing similar to what is observed at glucose concentrations *20 
mM. 

Conclusions: Wc conclude that the ability of palmitate to stimulate insulin secretion involves 
stimulation of B-cell electrical activity and elevation of [Ca2+li. We further propose that the 
stimulator) - action is secondary to increased generation of ATP, which promotes insulin 
secretion by both closing KATP-channels (thus increasing electrical activity and Ca2+-cntiy) 
and providing the metabolic energy required for insulin exocytosis and/or mobilisation of new 
granules for release. 
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DIVERSE ACTIONS OF PROTEIN KINASE C IN CARBACIIOL- 
INDUCED CA 1+ SIGNALING IN MOUSE BETA-CELLS 
C. Schofl, S. Lange, A. von zur Muhlen, and G. Brabant, Abteilung 
Klinische Endokrinologie, Medizinische Hochschule Hannover, 30623 
Hannover, Germany 

Background and Aims: The neurotransmitter acetylcholine (ACH) 
increases [Ca 2 *]i by activating phosphatidylinositol breakdown thereby 
generating IP 3 and diacylglycerol, which activates protein kinase C (PKC). 
In the present study the potential role of PKC for the generation of ACH- 
linked Ca 2+ -signals was investigated. Materials and Methods: [Ca 2 *]i was 
measured in single fura-2 loaded beta-cells of NMRI mice. Results: The 
ACH analogue carbachol (3 pM) increased [Ca 2 *]j by 226 ± 45 nM (n = 25). 
Pretreatment with the PKC activator PDBu (100 nM), but not with the 
inactive 4a-PDD (100 nM), abolished the ACH-induced Ca 2 *-signal. 
Inhibition of PKC activation by Ro 32-0432, Go 6976 or 
bisindolylmaleimide I significantly diminshed the carbachol (3 pM)-induced 
Ca 2 *-signal by about 40-50% (p < 0.01) demonstrating that receptor- 
mediated activation of PKC provides positive feedback on the generation of 
the carbachol-induced Ca 2+ -signal. In Ca 2 *-free medium carbachol (10 pM) 
caused a transient rise in [Ca 2 *]i by 175 ± 24 nM (n = 12) reflecting IP 3 - 
dependent mobilization of internal Ca 2 *. This was completely inhibited by 
pretreatment with PMA (100 nM) and was somewhat enhanced by the PKC 
inhibitors indicating that activation of PKC exerts negative feedback on 
carbachol-induced internal Ca 2 * mobilization. Furthermore, PKC activators 
as well as PKC inhibitors inhibited both voltage-sensitive Ca 2 *-infiux evoked 
by repetitive pulses of high K + (45 mM) and capacitative Ca 2 * influx through 
non-L-Type channels evoked by thapsigargin (2 pM). Conclusions: In 
mouse beta-cells activation of PKC plays an important role in the generation 
of ACH-induced Ca 2+ -signals by providing complex positive- as well as 
negative-feedback. Supported by DFG grant Scho 466/2-1. 


CALCIUM TRANSIENTS IN PANCREATIC BETA CELLS ARE TRIGGERED 
BY INHIBITORS OF CALCINEURIN AND SUPPRESSED BY LEPTIN 

Eva Grapengiesser. Department of Medical Cell Biology, Uppsala University, 
Sweden. 


Background and Aims: Rise of cyclic AMP promotes IPj-mediated generation of 
transients of cytoplasmic Ca 2 * assumed to be involved in the synchronization of the 
fi-cell activity in the pancreas. The aim of the study was to examine how calci- 
neurin-induced dephosphorylation and leptin affect the firing of these transients. 
Methods: Single cells and small aggregates were prepared from ob/ob , ob/+ and 
mice lacking the ob gene. The cytoplasmic Ca + concentration ((Ca 2 + ]j) was 
measured with a digital imaging technique. Blockade of the voltage-dependent Ca 2 * 
channels with methoxyverapamil made it possible to examine [Ca 2 *]j transients due 
to intracellular release without background of periodic Ca 2+ influx. Results: 
Glucose-induced transients of [Ca 2 *Jj often appeared in synchrony with those in 
other fi-cells separated by distances up to 80 pm. The frequency of the transients 
was very low (< 0.01/min), but increased dramatically when raising the cyclic AMP 
content with glucagon, forskolin, theophylline or caffeine. The P-cells from the 
ob/ob mice were more active in generating [Ca 2 *], transients than those from the 
lean mice, resulting in frequencies of 0.2-0.5/min in the presence of 20 nmol/l 
glucagon. The calcineurin inhibitors cyclosporin A and FK506 increased the 
number of [Ca 2 *]; transients in p-cells from ob/ob mice by 23% (P < 0.05) and 43% 
(P < 0.001) respectively when added at concentrations of 10 pmol/l to a glucagon- 
containing medium. Leptin (1 and 10 nmol/l) reduced the number of transients by 
15% (P < 0.025) and 23% (P < 0.01) respectively. Conclusions: Both cyclic AMP 
phosphorylation of the IP 3 receptor and its dephosphorylation by calcineurin appear 
to modify the generation of [Ca 2 *], transients. Pancreatic [3-cells from ob/ob mice 
are characterized by excessive firing of transients, probably due to the absence of 
leptin. 
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Depolarization causes calcium-induced calcium release in insulinoma cells 
T.K. Graves and P.M. Hinkle, Dept, of Pharmacology and Physiology, University of 
Rochester Medical Center, Rochester, New York 14610, USA 

Background and Aims: Ryanodine receptors have been identified in pancreatic beta 
cells, but evidence of Ca2+-induced Ca2+ release from the endoplasmic reticulum 
(ER) is lacking. We asked how a depolarization-induced rise in cytoplasmic Ca2+ 
would affect ER Ca2+, and whether drugs that inhibit or activate the ryanodine 
receptor could alter the response. 

Materials and Methods: We verified the presence of ryanodine receptors in MIN 6 
cells (glucose-responsive mouse insulinoma cell line) by immunocytochemistry and 
by BODIPY-FL-X-ryanodine binding studies. The cells were transfected with ER- 
targeted'cameleon' Ca2+ indicators, which report changes in ER Ca2+ through 
changes in fluorescence resonance energy transfer between pairs of green fluorescent 
proteins. Under illumination at 440 nm, 535/485nm emission ratio, which reflects the 
concentration of Ca2+, was detected in individual live cells, and the effects of KCI, 
caffeine, and ryanodine were studied. We also examined cytoplasmic Ca2+ in cells 
loaded with the Ca2+-sensing ratiometric dye Fura2-FF. 

Results : With the baseline 535/485nm arbitrarily set at 1, depolarization with 25 mM 
KCI caused a drop to 0.90 + 0.003 (P < 0.0001). This drop in ER Ca2+ was 
reversible with diltiazem which blocks L-type voltage-gated Ca2+ channels. Caffeine 
(10 mM) mimicked the effect of KCI causing a drop in the ratio to 0.85 + 0.006. 
However, there was no significant drop in the 535/485nm ratio in cells treated with 10 
mM ryanodine (post-KCl ratio of 0.98 + 0.012). The post-KCI 535/485nm ratio was 
significantly higher in cells treated with ryanodine than in those treated with vehicle 
(P < 0.0001), indicating a blockade of ER Ca2+ release. In the Fura-loaded cells, KCI 
caused an increase in the 340/380nm ratio from 0.26 + 0.004 to 0.38 + 0.002 in cells 
treated with vehicle, vs. an increase from 0.27 + 0.008 to 0.32 + 0.012 in ryanodine- 
treated cells (P - 0.009). 

Conclusions: We have demonstrated that the ER can release Ca2+ in response to a 
rapid increase in cytoplasmic Ca2+ due to depolarization of pancreatic beta cells. Our 
data suggest that Ca2+-induced Ca2+release through the ryanodine receptor 
contributes to the cytoplasmic Ca2+ signal generated by activation of voltage-gated 
Ca2+channels. 
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FINELY TUNED REGULATION OF STORE-OPERATED Ca** INFLUX 
INTO MOUSE PANCREATIC f-CELLS 

O. Dyachok and E. Gyife. Department of Medical Cell Biology, Uppsala University, 
Uppsala, Sw'eden 

Background and aims: A store-operated mechanism for depolarising entry of cations 
has been proposed to be a determinant of the electrical activity underlying insulin 
secretion. The regulation of store-operated Ca 1 * entry was therefore studied in 
individual mouse pancreatic p-cells. 

Materials and Methods: The cytoplasmic concentrations of Ca 2 * ([Ca 2 *],) and Mn 2 * 
([Mn 2 * ]J were measured with the fluorescent indicator fura-2. Influx trough the store- 
operated pathway was initially shut off by preexposure to 20 mM glucose, which 
maximally stimulates intracellular Ca 2 * sequestration. To avoid interference with 
voltage-dependent Ca 2 * entry the P-cclIs were hyperpolarized with diazoxide and the 
channel blocker methoxyverapamil was also present. Activation of the store-operated 
pathw ay in response Ca 2 *depletion of the endoplasmic reticulum was estimated from 
the sustained elevation of [Ca 2 *]j or from the rate of increase in [Mn 2 *], due to influx 
of these extracellular ions. 

Results: Increasing concentrations of the inositol 1,4,5-trisphosphate-generating 
agonist carbachol or the sarco(endo)pIasmatic reticulum Ca 2 *-ATPase inhibitor 
cyclopiazonic acid (CPA) caused gradual activation of the store-operated pathway. 
Also the carbachol- and CPA-induced influx of Mn 2 * depended on store filling in a 
graded manner. The store-operated influx of Ca 2 */ Mn 2 * was inhibited by Gd 3 * and 2- 
aminoethoxydiphenyl borate, but neither of these agents discriminated between store- 
operated and voltage-dependent entry. 

Conclusions: The store-operated Ca 2 * influx into 0-ceII$ is regulated by Ca 2 *-store 
filling in a graded rather than an all-or-non-fashion. The depolarising influence of the 
store-operated current may be a determinant for the characteristic electrophysiological 
bursting pattern. 
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MEMBRANE STRETCH IS A TRIGGER OF Ca 2+ TRANSIENTS IN PANCREATIC 
P-CELLS BV MOBILIZING INTRACELLULAR Ca’ STORES 

Bo Heilman, Eva Grapengiesser and Helene Dansk. Department of Medical Cell 
Biology, Uppsala University, Sweden 

Background and aims. Nonadrenergic, noncholinergic (NANC) neurons have 
been proposed to synchronize the islets in the pancreas by triggering P-cell 
transients of cytoplasmic Ca 2 * via an IP 3 -dependent mechanism. It was tested 
whether pancreatic P-cell respond to stretch activation with similar types of 
Ca 2+ signals and if these propagate to other p-cells in the presence and absence of 
cell contacts. Methods. Single cells and small aggregates were prepared from p-cell 
-rich islets from ob/ob-mice. The cells were cultured and the cytoplasmic Ca 2 * con¬ 
centration ([Ca 2 *],) was measured with digital imaging technique in the presence of 
20 mmol/l glucose and 50 pmol/l methoxyverapamil. Membrane stretch was 
induced by osmotic swelling or focal touch stimulation. Results. Lowering the 
external medium osmolarity with 100 mosmol/l by removal of sucrose or by 
medium dilution resulted in 2-3 fold increase in the number of transients, reaching 
frequencies of 0.10-0.15/min during an initial 5 min period. In support for the idea 
that the transients were generated by volume expansion, sucrose omission was 
stimulatory also after isoosmolar replacement with readily penetrating urea. The 
intracellular Ca 2 *-ATPase inhibitor thapsigargin suppressed both the spontaneously 
occurring transients and those activated by volume expansion. Touch stimuli in¬ 
duced [Ca 2 *], transients, which rapidly propagated to cells occurring within the 
same aggregate or lacking contact. The ability to react to extracellular signals 
generated by touch diminished with the distance to the stimulated cell, leaving the 
amplitudes of the transients unaffected. Conclusions. Membrane stretch triggers 
[Ca 2+ ]j transients of intracellular origin similar to those proposed to coordinate the 
rhythmlcity of the islets in the pancreas. Touch stimulation is a useful tool for 
investigating the propagation of [Ca 2+ ]j signals between pancreatic P-cells lacking 
contact. 


485 

INVOLVEMENT OF A STORE-OPERATED MECHANISM IN GLUCOSE 
INHIBITION OF GLUCAGON SECRETION 

E. Gylfe, Y.J. Liu and E. Vieira. Department of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden 

Background and aims: Little is known about the mechanism underlying glucose 
inhibition of glucagon secretion. We now study the effect of glucose on the the 
cytoplasmic Ca 2 * concentration ([Ca 2 *],), which controls glucagon secretion. 

Materials and Methods: Single cells were prepared from pancreatic islets of normal 
mice. 

[Ca 2 *], was measured with a digital imaging technique and the cells w'ere then 
identified by immunostaining. 

Results: About 5% of the a-cells exhibit spontaneous activity with large amplitude 
oscillations of [Ca 2 *]iin the 0.2-0.5 /min range in the presence of 3 mM glucose. Most 
a-cells react to 5 pmol/1 adrenaline, 2-3 mmol/l glutamine or glycine with oscillations 
or sustained elevation of [Ca 2 *], due to influx through voltage-dependent channels. 
However, the adrenaline response involves also initial mobilisation of intracellular 
Ca 2 *. Depending on stimulus, rise of the glucose concentration to 20 mM causes 
partial or complete inhibition of the [Ca 2 *]i response. Glucose also stimulates 
intracellular Ca 2 * sequestration into the pool mobilised by adrenaline. Inhibitors of the 
sarco(endo)plasmatic reticulum Ca 2 * ATPase mimicks the stimulatory effects of 
adrenaline causing oscillations or sustained elevation of [Ca ];, which are inhibited 
by hyperpolarisation or by blockers of voltage-dependent Ca channels. 

Conclusions: Release of intracellular Ca 2 * causes depolarisation by activation of a 
store-operated current in the a-cell. This effect alone is sufficient for activation of a 
more prominent voltage-dependent entry of the ion. By stimulating Ca * sequestration 
in the ER, glucose can inactivate the store-operated current. We propose that this 
effect may contribute to or explain glucose inhibition of glucagon secretion. 
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EXPRESSION AND FUNCTION OF THE EXTRACELLULAR CALCIUM- 
SENSING RECEPTOR IN MIN6 CELLS 

E. Gray, *P.E. Squires, S.J. Persaud and P.M. Jones, King’s College London, 
UK;* Warwick University, UK 

Background and Aims: The extracellular calcium-sensing receptor (CaR) is 
the mechanism through which cells involved in the systemic regulation of Ca 2 * 
recognise and respond to changes in extracellular Ca 2 *. We have recently 
demonstrated that p-cclls in human islets of Langerhans express the CaR We 
have now investigated whether the mouse insulinoma MIN6 line also expresses 
the CaR, and whether CaR activation influences MIN6 cell function. Materials 
and Methods: Expression of CaR mRNA by MIN6 cells and primary mouse 
islets was determined by RT-PCR, changes in [Ca 2 *]i were assessed by 
microfluorimetry and insulin secretion from perifused MIN6 cells was 
measured by radioimmunoassay. Results: MIN6 cells and mouse islets 
expressed a mRNA species which amplified using PCR primers specific for the 
mouse parathyroid CaR, giving a single product of the predicted size, identical 
to that amplified in parallel from mouse kidney cDNA. Single cell Ca 2 * 
microfluorimetry demonstrated that increasing extracellular Ca 2 * to activate the 
CaR (0.5mM to lOmM Ca 2 *, 2mM glucose) produced elevations in [Ca 3 *], in 
76% of MIN6 cells in 3 experiments. CaR activation also had marked effects 
on insulin secretion from Derifused MIN6 cells configured as pseudoislets. 
Increasing extracellular Ca 2 * from 0.5 to lOmM caused a marked, prolonged 
and fully-reversible inhibition *of insulin secretion in the presence of both 
substimulatory glucose (2mM, 27±5% control, n=3) or stimulatoiy glucose 
(20mM, 50% control). Conclusions: MIN6 cells express the CaR and its 
activation has effects that were similar to those observed in human primary 
islets. These observations suggest a common function for the P-cell CaR, and 
confirm that MIN6 cells offer a useful experimental model in which to further 
study the regulation of p-cell function by CaR activation. 
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EVIDENCE THAT ATP PRODUCTION OF B-CELL MITOCHONDRIA AND 
K + atp CHANNEL INHIBITION ARE LINKED BY CREATINE PHOSPHATE 

P. Krippeit-Drews, M. Backer, M. Dufer and G. Drews, Auf der Morgenstelle 8, 
Pharmazeutisches Institut, D-72076 Tubingen 

Background and Aims: It has been shown that the ATP which closes K + ATP channels 
in the stimulus-secretion coupling (SSC) of pancreatic B-cells exclusively derives 
from cytosolic NADH production during glycolysis (cNADH). It is yet unclear how 
the cells can discriminate between reduction equivalents generated in the cytosol or in 
the citrate cycle. We propose that ATP derived from cNADH may be specifically 
transformed into another K + A tp channel mediator. 

Materials and Methods: Creatine phosphate (CrPj) was tested for effects on K + AT p 
currents in inside/out-patches of native B-cells and on currents through B-cell K* AT? 
channels expressed in Xenopus oocytes. Effects of creatine kinase (CrK) inhibitors 
were tested on cytosolic free Ca 2 * concentration ([Ca 2 *] c ) by fura-2 fluorescence and 
on L-type Ca 2 * - channel currents in B-cells. 

Results: K* A tp currents in oocytes appeared after poisoning the cells with 5 mM 
NaN 3 . Subsequent injection of 50 nl of a 100 mM ATP or CrP* solution diminished 
the current at +40 mV from 3.11+0.50 pA to 1.20+0.15 pA (n=10) and from 
3.40+0.59 pA to 1.18+0.16 pA (n=14), respectively. Injection of creatine (n=9) or 
phosphate (n=4) (100 mM each) was without effect. CrPj (ImM) alone had no effect 
on single channel K + A -n> currents (n=5), but reduced Po in the presence of ADP and 
ATP (500 pM each) by 85+4 % (n=17). This points to the involvement of a CrK in 
this process. Consequently, substances known as inhibitors of CrK 
(fluorodinitrobenzene, 30 pM; iodoacetamide, 25 pM) abolished glucose-induced 
elevations in [Ca 2, ] c (n=4 and 3, respectively), while having only slight effects on L- 
type Ca 2 * channel currents at 100 pM or 1 mM (n=5 and 6, respectively). 

Conclusions: Energy rich phosphate may be shuttled as CrP* between mitochondria 
and the plasma membrane. The cells seem to transform mitochondrial ATP from 
cNADH to cytosolic CrPi which is converted back into ATP close by the K + AT? 
channel. 
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Effects Of Leptin On Insulin Secretion In Rat Islets In Vitro 
D.Xie, H.Cheng, M.Fu et al.'Endocrinology Department of Internal Medicine, 
Memorial Hospital, Sun Yat-sen University of Medical Sciences, Guangzhou 510 
120, PR China. 

Background and Aims: In recent studies there are some controversial results about 
effects of leptin on insulin secretion in islets. We speculated that the reason might be 
the differences of those experiments' designs. Our aim was to investigate the effects 
of leptin of various concentrations on insulin secretion in rat islets in vitro. 

Material and Methods: Islets were isolated from SD rats and incubated in the 
absence or presence of recombinant rat leptin (R&D, 0, 1,5, 10, 15, 50 or lOOng/ml) 
at either 5.6mM or 16.7mM glucose for 10 min or 2h. After incubation, the medium 
was removed and assayed for insulin by radioimmunoassay. 

Results: At 5.6 mM glucose, a 10-min incubation with lng/ml or 5ng/ml leptin 
stimulated insulin secretion (26.47+2.47 and 26.54+1.79mU/L, respectively, P<0.05) 
as compared to Ong/ml leptin (24.32+1.28mU/L), and a 2h incubation with 5ng/ml 
leptin also stimulated insulin secretion (31.74+2.3 7mU/L, P<0.05), but a 2h 
incubation with >50ng/ml leptin inhibited insulin secretion (23.88+2.95 and 
23.56+3.43mU/L, respectively, P<0.05) as compared to Ong/ml leptin 
(27.58±2.53mU/L). At 16.7 mM glucose, a 10-min incubation with >50ng/ml leptin 
inhibited insulin secretion (23.73+1.40 and 23.69±1.34mU/L, respectively, P<0.05) as 
compared to Ong/ml leptin (8.29±2.53mU/L), and a 2h incubation with >5ng/ml leptin 
also inhibited insulin secretion (31.19+4.42, 27.44+1.83, 27.20+3.79, 26.37+2.43 and 
24.37+0.57 mU/L, respectively, P<0.05) as compared to Ong/ml leptin 
(35.06±4.33mU/L). 

Conclusions: Recombinant leptin has a diphasic effect on insulin secretion in rat 
islets in vitro, which can be influenced by several factors including leptin 
concentration, circumstance glucose concentration and exposure time. 
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Diazoxide inhibits ATP production in isolated B-cell mitochondria only in the 
presence of extramitochondrial Mg-nuckotides 

N. Lembert, L-A. Idahl and H.P.T. Ammon. Dept, of Pharmacology, University 
Tubingen, Germany and Dept, of Integrative Medical Biology, Section for Histology 
and Cell Biology, Umea University, Sweden 

Background and Aims: Diazoxide (DZ) binds to the sulphonylurea receptor (SUR) 
of ATP regulated potassium channels in the plasma membrane and prevents B-cell 
depolarization and insulin release. In addition, DZ impairs B-cell respiration and 
mitochondrial Ca2+ handling. Mitochondrial SUR's have been identified in cardiac 
myocytes and in hepatocytes thus mitochondrial effects in B-cells might be mediated 
by DZ binding to mitochondrial SUR as well. This study aims at characterizing the 
effect of Dz on ATP production in isolated B-cell mitochondria. 

Materials and Methods: Isolated B-cell mitochondria were incubated for 10 min at 
37 C with various substrates in the presence of DZ. Mitochondrial ATP production 
(MAPR) induced by oxidative phosphorylation was normalized by ATP production 
induced by mitochondrial adenylate kinase detected in the absence of substrates. ATP 
was detected with a bioluminometric method. 

Results: Dz (IO-lOOOpM) had no effect on MAPR induced by pyruvate/malate 
(ImM/ImM; 4.59+0.41 in the absence vS. 4.26+0.66 in the presence of lOOOpM Dz), 
a-ketoisocaproate/glutamate (O.lmM/IOmM; 2.45+0.66 vs 2.62+0.35) or glycerol 3- 
phosphate (lOmM; 1.55+0.16 vs 1.46+0.23) excluding a direct but unspecific 
inhibition of the respiratory chain. Addition of MgATP (2pM) rendered MAPR 
induced by pyruvate/malate sensitive towards DZ. A concentration-dependent 
inhibition was observed at lOOpM Dz (10%, p>0.05 vs ATP free control), 300pM Dz 
(20%, p<0.05) or lOOOpM Dz (25%,p<0.05). Similar results were obtained with 
MgCTP (1 mM). 

Conclusions: DZ inhibits ATP production in isolated B-cell mitochondria only in the 
presence of (cytoplasmic) Mg-nucleotides. The requirement of MgATP is 
characteristic for Dz binding to SUR indicating the presence of a functional active 
SUR in the inner membrane of B-cell mitochondria. 
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LEPTIN INHIBITS GLUCOSE-STIMULATED INSULIN SECRETION 
WITHOUT DECREASING ADENOSINE 3\5'-CYCLIC MONOPHOSPHATE 
LEVELS IN ISLETS 

A. Mukala-Nsengu-Tshibangu, S. Femandez-Pascual and J. Tamarit-Rodriguez. 
Biochemistry Department, School of Medicine, Complutense University, Spain 

Background and Aims: It is debated whether leptin inhibits glucose-induced insulin 
secretion and which its mechanism of action might be. It has been recently claimed 
that leptin decreases cellular cAMP levels through the activation of the cyclic 
nucleotide phosphodiesterase 3B. 

Materials and Methods: Therefore, we have studied the effect of mouse- 
recombinant leptin on the insulin secretory response (ng/30 min x pg DNA) of rat 
perifused islets to glucose. Moreover, the effect of leptin on glucose utilization 
(3H20-production from D-[5-3H]glucose), glucose oxidation (14C02-production 
from D-[U-14C]glucose) and islet cAMP levels (finol/ pg DNA; ELISA method) was 
also investigated. 

Results: The biphasic insulin response to 20 mmol/l glucose was significantly 
suppressed by 5 nmol/1 (33±3,n=8, vs. 90±4,n=8;p<0.001) but not 1 mmol/i leptin. 
The inhibitory effect of leptin was completely blocked in the presence of either 250 
pmol/1 8-bromo-cAMP (103±7,n=9, vs. 125+1 l,n=S,N.S.) or 100 nmol/1 trequinsin (a 
specific inhibitor of the cyclic nucleotide phosphodiesterase 3B) (134+8,n=10, vs. 
120±10,n=10,N.S.). However, 166 nmol/1 wortmannin (a phosphatidylinositol 3- 
kinase inhibitor) did not modify the glucose response in the presence of leptin 
(36±3,n=10, vs. 39±3,n=10,N.S.). A change of the glucose concentration from 3 to 20 
mmol/l increased islet cAMP significantly (1212+99,0=9, vs. 
531±3I,n=9,p<0.001).This stimulation was not decreased by leptin (1289±101,n=9), 
neither increased by trequinsin (1141+116,n=9), but it was significantly enhanced by 
the combination of both leptin and trequinsin (1785+119,n=9, vs. 
1212+99,n=9,p<0.002). Leptin modified neither gluco.se utilization nor glucose 
oxidation at either 3 or 20 mmol/l glucose. 

Conclusions: Mouse recombinant leptin inhibits glucose-induced insulin secretion 
without impairing glucose-induced increase of cAMP levels. Therefore, leptin- 
induced suppression of insulin secretion is not due to a decreased generation of 
cAMP. The observed synergism between leptin and trequinsin on islet cAMP levels 
speaks against an activation of the cyclic nucleotide phosphodiesterase 3B by leptin. 
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CALCIUM SIGNALLING VIA L-TYPE CALCIUM CHANNELS MEDIATES 
LL-l-LVDUCEI) ACTIVATION OF C-JUN N-TERMINAL KINASE AND p38 
IN PANCREATIC BETA-CELLS 

J. Sterling, S. V. Zaitsev*, N. Aa. Andersen, L L. Kapelioukh*. A. E. Karlsen, P-O. 
Berggren* and T. Klandrup-Poulsen. Steno Diabetes Center, Niels Steensensvej 2, 
Gentofte, Denmark. *Rolf Luft Center for Diabetes Research, Department of 
Molecular Medicine, Karolinska Institute, Stockholm, Sweden. 

Background and Aims: Interleukin-1 beta (IL-lb), tumor necrosis factor-alfa (TNFa) 
and interferon-gamma (IFNg) have been proposed as immune effectors of pancreatic 
beta-cell death in type 1 diabetes mellitus. Activation of c-jun N-terminal kinase 
(JNK), extracellular signal-regulated kinase (ERK) and p38 mitogen-activated protein 
kinases (MAPKs) and increased calcium signalling through T- and L-type calcium 
channels are essential signalling elements in the beta-cell apoptotic pathway induced 
by IL-lb or a combination of cytokines. We previously found that inhibition of T-type 
calcium channels does not affect cytokine-induced MAPK activity. In this study we 
explored the putative involvement of L-type channel-mediated calcium signalling in 
regulating IL-Ib-induced MAPK activation in beta-cells. 

Materials and Methods: JNK, ERK and p38 activities in whole cell lysates from 
isolated ob/ob mouse islets or mouse beta-TC3 cells were determined in a whole cell 
lysate phosphotransferase assay using c-jun, Elk-1 and heat shock protein 25 (Hsp25) 
as substrates. 

Results: Exposure of ob/ob islets to 400 U/ml of IL-lb induced a 2.3-fold (p<0.0005) 
increase in c-jun phosphorylation and a 1.4-fold (p<0.0005) increase in Hsp25 
phosphorylation, reflecting increased activities of JNK and p38, respectively. No 
increase in Elk-1 phosphorylation was observed, indicating that ERK was not 
activated by IL-lb. Combined inhibition of T- and L-type calcium channels using 
mibefradil and nimodipine reduced IL-lb-stimulated JNK activity to 1.8-fold 
(p<0.01) and completely prevented (p<0.001) p38 activation by IL-lb. Similar results 
were obtained with beta-TC3 cells. 

Conclusions: These results provide evidence that IL-lb signal transduction leading to 
JNK and p38 activation is dependent on calcium signalling through L-type calcium 
channels in beta-cells. 
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PROTEIN INHIBITOR OF NEURONAL NITRIC OXIDE SYNTHASE IS 
EXPRESSED LN RAT B-CELLS AND MODULATES INSULIN SECRETION. 

AD. Lajoix, S. Dietz, S. Peraldi-Roux, T. Chardes, G. Ribes and R. Gross. CNRS 
UMR 5094, Montpellier, France. 

Background and Aims: In our previous molecular studies, we showed the expression 
of a neuronal isoform of nitric oxide synthase (nNOS) that controls insulin secretion 
in rat pancreatic b-cdls. PIN (Protein Inhibitor of Neuronal NOS) is an endogenous 
inhibitor of nNOS previously identified in rat brain. Our work was aimed at 
investigating 1) the presence of PIN in b-cells, 2) its subcellular localization and 3) its 
role in the insulin secretion. 

Materials and Methods: Molecular and biochemical experiments were applied to 
isolated rat islets and to the insulin-secreting cell line INS-1. For functional studies, 
PIN was overexpressed in INS-1 cells by transfection of an expression vector 
containing PIN and insulin secretion was measured after incubation with Krebs 
Ringer bicarbonate buffer containing 5 mM glucose during one hour. 

Results: Using RT-PCR, we showed the expression of PIN mRNA in islets and in 
INS-1 cells. The presence of a protein of 10 kDa identical to the brain PIN is 
demonstrated by Western blot. Immunofluorescence studies performed in INS-1 cells 
with a PIN antibody showed a strong colocalization with the neuronal NOS staining. 
This was confirmed by electron microscopy which evidences the presence of PIN in 
the insulin granules as nNOS and to a lesser extent in the cytoplasm of the b-cells. 
Furthermore, overexpression of PIN in INS-1 cells (5 fold over an empty vertor) 
induced a 75% increase of the insulin secretion induced by 5 mM glucose as 
compared to control cells. 

Conclusions: PIN, the endogenous inhibitor of nNOS, is expressed in rat b-cells, is 
strongly colocalized with nNOS and appears to be a positive modulator of insulin 
secretion. 
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MODULATION OF ISLET ISOFORMS OF NITRIC OXIDE SYNTHASE BY 
DIFFERENT INSULIN SECRETAGOGUES 

J. Jimenez, D. Henningsson, R_ Henningsson and I. Lundquist, Inst of Physiological 
Sciences, Dept of Pharmacology, University of Lund, Sw eden 

Aims. Nitric oxide synthase (NOS) has been detected in the islets of Langerhans and 
NO has been implicated as a negative feedback regulator of glucose-stimulated 
insulin release. We recently found that high concentrations of glucose stimulated the 
activities of both constitutive NOS (cNOS) and inducible NOS (iNOS) in incubated 
islets. The present study was performed to elucidate, whether non-glucose insulin 
secretagogues might influence islet NOS activities in relation to insulin release. 

Methods. Isolated mouse islets W'ere incubated in the presence of different insulin 
secretagogues; i.e. glucose, L- and D-arginine, L-leucine, a-ketoisocaproic acid (KIC) 
and carbachol. Insulin release is assayed with RIA and islet activities of cNOS and 
iNOS with a sensitive HPLC-method. Results Western blot revealed that the islets 
incubated in a basal, non-insulin stimulating glucose concentration contained cNOS 
but not iNOS protein, w r hereas high glucose increased both proteins. L-arginine 
stimulated islet cNOS activity but did not affect islet iNOS activity. D-arginine 
displayed a slight cNOS stimulating effect. Insulin release stimulated by glucose or L- 
arginine was potentiated by addition of a NOS-inhibitor. L-leucine and KIC 
stimulated insulin release without affecting either islet cNOS- or iNOS-activity. 
Similar to L-arginine, carbachol stimulated islet cNOS but induced in addition a very 
slight INOS activity. Carbachol-stimulated insulin release was potentiated by NOS- 
inhibition. 

Conclusion. The present data suggest that glucose, among the tested secretagogues, is 
a major inducer of islet iNOS activity and that the mitochondrial substrates KIC and 
L-leucine exert their action downstream of glucose-stimulated iNOS induction in the 
metabolic transduction pathway. The effect of L-arginine and carbachol on cNOS 
activity is probably exerted by their action to stimulate an increase in intracellular 
Ca2+, being stimulatory to the Ca2+/calmodulin dependent cNOS activity. 
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SECRETORY PHOSPHOLIPASE A, IS RELEASED FROM PANCREATIC p- 
CELLS AND PROMOTES INSULIN RELEASE BY K srP -CHANNEL CLOSURE 

K. Juhl, A. Efanov, H.L. Olsen, J. Gromada. Islet Cell Physiology, Islet Dis¬ 
covery Research, Novo Nordisk A/S, DK-2880 Bagsvaerd, Denmark. 

Aim: To measure the release of secretory phospholipase A 2 (sPLA 2 ) from 
pancreatic P-cells and evaluate its role in modulation of insulin secretion. 
Methods: A sPLA 2 fluorescent substrate, Bis-BODIPY FL phosphatidylcho¬ 
line, loaded into the outer leaflet of the plasma membrane was used to moni¬ 
tor the release of sPLA 2 from single mouse p-cells. ATP-sensitive K* (Katp)- 
channel activity and exocytosis were recorded using patch-clamp techniques. 
Cytoplasmic free Ca 2 ‘ levels ([Ca 2 *],) were determined by microfluorometry. 
Insulin was assayed by ELISA Results: Extracellular application of sPLA 2 
(0.1-5 pM) stimulated insulin secretion from intact mouse islets at 3 mM 
(>300 %) and 16.7 mM (>270 %) glucose. The insulinotropic action of sPLA 2 
was secondary to closure of KAip-channels: the whole-cell Kvrp-conductance 
decreased from 0.62±0.20 to 0.18±0.04 nS/pF in the presence of sPLA 2 
(p<0.01). Inhibition of l<ATp-channel activity by sPLA 2 was associated with 
gradual and irreversible increase in [Ca 2 *l that was mimicked with lyso- 
phosphatidylcholine (lyso-PC). In contrast, arachidonio acid (the other prod¬ 
uct of phospholipid hydrolysis catalysed by sPLA 2 ) elicited a fast and reversi¬ 
ble increase in [Ca 2 j f . Mixture of glucose and KCI induced an increase in 
BODIPY FL fluorescence due to release of sPLA 2 from p-cells with conse¬ 
quent breakdown of the fluorescent substrate by the released enzyme. Sec¬ 
retory PLA 2 , as well as arachidonio acid and lyso-PC, did not affect Ca - 
dependent exocytosis, measured as increases in cell capacitance. Conclu¬ 
sion: These data suggest that sPLA 2 is released from mouse p-cells in re¬ 
sponse to cell stimulation and the released phospholipase A 2 might play a 
role as a positive feedback signal to further enhance p-cell exocytosis by in¬ 
hibition of K A -n>-channel activity. 



A 130 


494 

STIMULUS-RESPONSE COUPLING IN MIN6 CELLS OVER- AND UNDER¬ 
EXPRESSING CYTOSOLIC PHOSPHOLIPASE A 2 

V.D. Belin, H.M. Roderigo-Milne, P.E. Squires, C.P.D. Wheeler-Jones, P.J. 
Marsh, M. Reid, P.M. Jones and S.J. Pcrsaud, King’s College London, UK 
Background and Aims: Cytosolic phospholipase A 2 (cPLA 2 ) has been implicated 
in coupling increases in intracellular Ca 2 * ([Ca 2 *]0 to the release of insulin. We 
have now investigated the effects of over- and under-expression of cPLA 2 on p-cell 
function. Materials and Methods: MIN6 cells were stably transfected with sense 
and antisense cPLA 2 vectors. cPLA 2 expression was determined by Western 
blotting, changes in [Ca 2+ ]i were assessed by microfluorimetiy, insulin secretion 
from perifused MIN6 cells was measured by radioimmunoassay and preproinsulin 
(PPI) mRNA levels were determined by real-time PCR. Results: Western blotting 
of stably transfected cell lines confirmed over- and under-expression of cPLA 2 . 
cPLA 2 overexpression was without significant effect on lOOpM tolbutamide- or 
20mM KCI-induced increases in [Ca 2+ ]i (P>0.2). However, the responsiveness to 
nutrients was dramatically reduced, with only 4% of cells showing a Ca 2+ response 
to 20mM glucose and 8% responding to IOmM KIC, compared with 61% and 94% 
of control cells responding (n=28-52 cells, PO.OOl). Inhibition of cPLA 2 activity 
with 50pM methyl arachidonate fluorophosphonate partially restored glucosc- 
induccd elevations in Ca 2+ (P<0.01). cPLA 2 overexpressing cells were also 
insensitive to 20mM glucose in terms of insulin secretion (sense: 109415.2% basal; 
controls: 326±24.9% basal, n=3, P<0.01). Undcrcxprcssion of cPLA 2 had minimal 
effects on increases in [Ca 2 *]i in response to nutrients and depolarising stimuli 
(PX).2 versus controls), and it did not affect the profile or magnitude of initial 
insulin secretory responses. However, cPLA 2 -dcficient cells were unable to sustain 
a sccrctoiy response upon prolonged stimulation. Insulin content was reduced by 
90% following underexpression of cPLA 2 (PO.OOl), but PPI mRNA levels were 
not significantly different (control: 16.6±2.8fg; antisense: 14.042.7fg, P>0.2). 
Conclusions: These data suggest that overexpression of cPLA 2 inhibits glucose 
kindling by 0-cells without affecting downstream signalling events, and that 
normal expression of cPLA 2 may be required for maintaining insulin stores. 
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CULTURE OF RAT BETA-CELLS WITH INCRETIN HORMONES 
PRESERVES THEIR SUBSEQUENT SECRETION RESPONSIVENESS 
D. Delmeire, D. Flamez, D. Pipeleers and F. Schuit; Diabetes Research Center, Vrije 
Universiteit Brussel, B-1090 Brussels, Belgium. 

Background and Aims: We recently observed that 2-24 h exposure of rat beta-cells 
to low (3 mmol/1) glucose, suppresses their subsequent capacity to release insulin. In 
the present study we examined to which extent addition of the gluco-incretin 
hormones GLP-1 (glucagon-like peptide [7-37 amide]) and/or GIP (glucose- 
dependent insulinotropic peptide) could protect against this secretory failure. 

Materials and Methods: FACS-purified rat beta-cells were cultured for 24 h in 
control medium with alternating glucose concentration of 10 mmol/1 (G10: h 0-1, h 7- 
8 and h 17-18 of culture) and 3 mmol/1 (G3: h 1-7, h 8-17 and h 18-24 of culture) as 
well as in test media in which the G10 condition was supplemented with GLP-1 
and/or GIP. After culture, the cells were perifused at 3 mmol/I glucose and stimulated 
during 10 min pulses at G10 and at G10 with 10 nmol/1 GLP-1. Insulin release was 
measured during culture and during perifusion. 

Results: Insulin release induced by G10 in beta-cells exposed for 6 h to G3 was 
decreased by 8847% as compared to the prior G10 stimulation (0.08±0.04 vs 
0.6540.04 ng.10 3 cells' 1 .h' 1 ; P<0.001). Further incubation in G3 did not enhance the 
secretory defect. The loss in secretory response was limited to 50±8 % by addition of 
1 nmol/1 GLP-1 to the G10 medium; even better protection was observed by addition 
of a mixture of GLP-1 and GIP (total concentration = 1 nmol/1) to the G10 medium. 
Addition of these peptides stimulated cAMP accumulation in the cultured cells but did 
not alter their insulin content. The beta-cells which had been cultured in the presence 
of GLP-1 /GIP.exhibited a stronger secretory response during subsequent perifusion at 
10 mmol/1 glucose (release of 0.060±0.007 % of insulin content vs 0.02240.003 % in 
control preparation; P<0.05). This was also the case when perifused at 10 mmol/1 
glucose plus GLP-1 (release of 0.8640.08 % of insulin content vs 0.4140.06 % in 
control preparation, P<0.05). 

Conclusions: In a model of alternating exposure of beta-cells to 3 and 10 mmol/1 
glucose, supplementing G10 culture medium with incretins better preserves the 
insulin releasing capacity of the cells than observed for cells cultured with glucose 
alone. 
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Establishment of a 4-OH-Tamoxifen-iiiducible CaM-Kinase II-MER fusion-protein 
M. Osterhoff, J. Ortmann, M. Mohlig, A.F.R Pfeiffer 

Background and Aims: Ca2+/caImoduIin dependent protein kinase II (CaMK 13) is 
highly expressed in beta-cells and is thought to be involved in insulin-secretion and insulin 
gene-expression. Previous reports showed actuation of MAP kinases via CaMK II and 
phosphorylation of CREB by constitutively active mutants of CaMK H. This raised the 
question whether CaMK II modulates gene expression at unclear sites in beta-cells. The 
aim of this work was to establish a 4-OH-Tamoxifen inducible CaMKD-constaict by 
cloning the kinase domain (aa 1-293) of the enzyme in front of a mutated estrogen 
receptor (MER) and to explore whether this fusion-protein is functional and able to 
activate MAP-kinase and CREB in an inducible manner. The mutated estrogen receptor 
contains no nuclear-localisation-signal (NLS). The binding of heat shock proteins inhibits 
the kinase-activity until 4-OH-Tamoxifen displaces diem and thereby allows a rapid 
activation of kinase-activity. 

Materials and Methods: The kinase-domain of CaMK II delta2 was amplified by PCR 
and cloned into a pcDNA3.1/His B-vector (Invitrogen) containing the mutated estrogen 
receptor (kindly provided by Prof. Dr. U. R. Rapp, Wuerzburg, Germany). The resulting 
construct was transiently transfected into HEK293 cells by the calcium phosphate method 
The activity of the expressed kinase was determined by radioactive kinase-activity-assays. 
The activation of MAP-kinase, CREB and ATF-2 was measured by use of the PathDetect 
System (Stralagene) and Dual Luciferase reporter-gene-assay (Promcga). 

Results: The pcDNA3.1/His B CaMK D hlER-construct was found to be highly inducible 
by 200 nmol/1 4-OH-Tamoxifen. Kinase-activity-assays revealed a 15 (p-0.001) times 
higher activity in Ca2+ free buffer belonging to the Ca2+ independent activity of the 
CaMK II kinase-domain. Cotransfection of pcDNA3.1/His B CaMK II MER and either 
CREB, Elk-1 (as a marker for MAP-kinase activation) or ATF-2 (the pathway which leads 
to activation of ATF-2 is not characterized yet) did not lead to an activation of CREB, 
MAP-kinase or ATF-2, respectively. In a control PKA caused a strong activation of the 
cotransfected CREB demonstrating the correct function of the PathDetect system. 
Conclusions: A highly 4-OH-Tamoxifen-inducible fusion-protein of the CaMK II kinase- 
domain and the mutated estrogen receptor could be established as determined by kinase- 
activity assays. The fusion-protein w'as not able to activate neither the MAP-kinase 
cascade represented by Elk-1 nor the cAMP pathway represented by CREB nor ATF-2 
leading to die conclusion that CaMK II does not directly phosphorylate nuclear proteins to 
alter gene transcription. 
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SELECTIVE SIGNALING VIA A- AND B-TYPE INSULIN RECEPTORS IN 
PANCREATIC B-CELLS LNVOLVES DIFFERENT PDK 
S. Kemper, B. Leibiger, T. Moede, J. Domin’, P.O. Berggren and I B. Leibiger 
Karolinska Institute!, Dept. Molecular Medicine, Rolf Lufl Center for Diabetes 
Research, Stockholm, Sweden, ’Imperial College School of Medicine, Division of 
Medicine, Renal Section, London, UK. 

Background and Aims: Pancreatic B-cells are targets for positive feedback action by 
secreted insulin. We have shown that secreted insulin activates the transcription of its 
own gene by signaling through insulin receptor (JR) A-type (Exl I-) and p70s6k while 
it activates transcription of the B-cell glucokinase gene (bGK) via IR B-type (Exl 1+) 
and PKB(c-Akt). To start to understand the molecular mechanisms that underlie the 
selective signaling via the two IR isofonns we studied the PI3K involved. 

Materials and Methods: As the readout for signaling via either IR-A or IR-B served 
insulin promoter-driven DsRed expression and bGK promoter-driven GFP expression, 
respectively, in co-transfected HIT-T15 and primary mouse B-cells. PI3K activity was 
measured in IR immunoprecipitates (IPs). 

Results: 25 pM LY294002 or 50 nM Wortmannin in the culture medium blocked 
insulin-stimulated insulin promoter activity. It needed 100 pM LY294002 or 150 nM 
Wortmannin to block bGK promoter activity. PI3K activity in IR-A IPs was inhibited 
by 5-10 nM Wortmannin as described for PI3K classes I, II C2b and III. It needed 100 
nM to block PI3K activity associated with IR-B, i.e. concentrations similar to those 
that inhibit PDK class II C2a. Overexpression of the dominant-negative acting form 
of the class la adapter protein p85, i.e. Delta-pSS, abolished insulin-stimulated insulin 
promoter activity but had not insulin-stimulated bGK promoter activity. Western blot 
analysis of IPs obtained with anti-PI3K C2a-antibodies revealed the presence of IR. 
Conclusions: Our data suggest that one of the molecular mechanisms involved in the 
selective signaling via the two IR isoforms in the pancreatic B-cell is the selective 
activation of different classes of PI3K. Whereas activation of the insulin promoter via 
IR-A and p70s6k involves PDK class la, it requires activation of a class II-Hke PDK 
to activate bGK promoter via IR-B and PKB(c-Akt). 
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role of locally released glucagon in the insulin 

SECRETORY RESPONSE FROM THE INTACT PANCREAS 
K. MOENS, D. Fiamez, V. Berger, P. Huypens, C. Van Schravendijk, J. Ahn*, V. 
Hruby*, D. Pipeleers and F. Schuit; Diabetes Research Center, Vrije Universiteit 
Brussel, B-1090 Brussels, Belgium; *Department of Chemistry, University of 
Arizona, Tucson 85721, USA 

Background and Aims: Glucagon is known as a potent stimulus of insulin release. It 
is recognized by glucagon- as well as by GLP-1- receptors (R) on the B-cells. Locally 
released glucagon uses both receptors to amplify glucose-induced insulin release in 
isolated islet preparations. The present study examines whether this is also the case in 
the intact pancreas. 

Materials and Methods: Glucose-induced insulin release was measured in the 
perfused dorsal rat pancreas in the presence or absence of glucagon- or GLP-1 
receptor-antagonists, namely and, respectively, [des-Hisl,des-Phe6,Glu9]-gIucagon- 
NH2 (desHF-GLU 10 pmol/1) or exendin-(9-39)-NH2 (exendin 1 pmol/1). Receptor 
specificity and potency of both antagonists were determined by measuring cAMP 
production, phosphorylase activity and insulin release in isolated preparations of rat 
hepatocytes, transfected CHL-cells and rat B-cells. 

Results: It was thus found that 1) desHF-GLU, but not exendin, was an effective 
antagonist of glucagon-induced cAMP production and phosphorylase activity in 
hepatocytes, which express glucagon-R but no GLP-1-R. 2) Exendin but not desHF- 
GLU, counteracted GLP-1- and glucagon-induced cAMP production in CHL-cells 
transfected with the GLP-1-R gene. 3) Both desHF-GLU and exendin counteracted 
glucagon-stimulated cAMP production and insulin secretion in purified B-cells. 4) 
None of the two antagonists exerted an inhibitory effect on the biphasic insulin 
release during pancreas perfusion at 20 mM glucose. On the other hand, they 
antagonized the stimulatory effect of their respective agonists, decreasing the 
potentiation of glucose-induced insulin release by exogenous glucagon by 82% 
(p<0.02) or by exogenous GLP-1 by 90 % (p<0.02). These antagonistic effects 
indicate that both compounds reach and interact with their cognate receptors during 
the perfusion experiment. 

Conclusions: Under the present conditions of rat pancreas perfusion, glucose elicits a 
typical biphasic insulin release with an amplitude that appears not influenced by 
locally released glucagon. 
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EXENDIN(9-39)AMIDE SUPPRESSES GLP-1 INSULINOTROPIC ACTION 
IN RATS INFUSED WITH DIMETHYL ESTER OF SUCCINIC ACID 
J. Cancelas, M.L. Villanueva-Penacarrillo, L Valverde and W.J. Malaisse. 

Fundaci6n Jimenez Diaz, Madrid, Spain and Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium. 

Background and Aims: GLP-I is a nutrient-dependent insulin secretacogue and 
markedly enhances insulin output from isolated perfused pancreas of normal and 
diabetic rats in the presence of dimethyl ester of succinic arid (SAD); also, iv 
injection of SAD potentiates the insulinotropic action of GLP-1 in normal and 
neonatally streptozotozin-treated rats. In this study we explored to which extent 
exendin(9-39)amide [Ex(9-39)J, a known antagonist of GLP-1, may oppose the 
insulinotropic action of GLP-1 in rats infused with SAD. Materials and Methods: 
Anaesthetised fed male Wistar rats (241 ±8 g body wt) received, for 10 min, a primed 
constant infusion of SAD (0.5 pmol/g followed by 0.25 pmol/min, both per g body 
wt) and, at min 5, GLP-1 (0.5 pmol/g body wt) was injected iv. In control 
experiments, the same volume of saline was administered instead of SAD and/or 
GLP-1. In one set of SAD-infused rats, Ex(9-39) -a gift from Dr. J. Eng- was infused 
(5 pmol/min and per g body wt) from 1 min before to 3 min after GLP-1 injection. 
Blood samples (0.5 ml) were collected from a carotid artery for measurement of 
plasma glucose and insulin. Data are presented as mean±SEM. The statistical 
significance of difference between mean values was assessed by Student's t-test 
Results: la control experiments (n=4), plasma glucose and insulin concentrations 
were little affected, with mean paired difference (min 15 vs min zero) of -0.64+0.63 
mM and -0.90il.04 ng/ml, respectively. In SAD-ir,fused rats, GLP-1 caused a 
progressive decrement in plasma glucose (2.32+0.37 mM at min 15, n=7, p<0.001), 
which did not occur during Ex(9-39) infusion. SAD infusion provoked within 2 min a 
pair increment in plasma insulin (6.62+0.90 ng/ml, n=12, p<0.005) which was 
mantained at min 5, whereas in the presence of Ex(9-39) it decreased (3.22+0.99 
ng/ml, n=5, p<0.05). GLP-1-induced integrated increment in insulin, over the firs 5 
min, was 11.93+2.73 (n=6), 40.16+6.60 (n=7) and 13.26+2.03 (n=5) ng x min/ml in 
saline-, SAD- and Ex(9-39)-infused rats, respectively. Conclusions: In SAD-infused 
rats, Ex(9-39) infusion decreased plasma insulin before GLP-1 injection, suppresssed 
the B-cell response to GLP-1, and delayed and minimized its hypoglycemic action. It 
is proposed, therefore, that Ex(9-39) could represent a tool in the treatment of 
alimentary or reactive hypoglycemia. 
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Evidence for regulation of glucagon release by protein tyrosine-phosphatases. 

J. Chen, C.-G. Ostenson. Dept of Molecular Medicine, Karolinska Hospital, 
Stockholm, Sweden 

Background and Aims: Augmented glucagon release may contribute to 
hyperglycaemia in diabetes, but the mechanism behind this phenomenon is unknown. 
Hence, we have investigated whether glucagon release from the pancreatic A-cells is 
regulated by protein tyrosine phosphatases (PTPases) in isolated islets of the Goto- 
Kakizaki (GK) rat an animal model of hereditary type 2 diabetes. 

Materials and Methods: Glucagon release was determined by radioimmunoassay in 
batch incubations of isolated GK and control Wistar (W) rat islets. To assess the role 
of PTPases in the regulation of glucagon secretion, a stable and selective inhibitor of 
PTPases, bisperoxo-picolinato vanadate, or peroxovanadate (POV), was used. 

Results: At 3.3 mmol/1 glucose, basal glucagon release was unaffected by 1*10 
pmol/1 POV, while higher concentrations of the compound, 0.1-1 mmol/1, enhanced 
glucagon release 5* and 12-fold (n=5-7; p<0.01), respectively, from GK islets, and 5- 
and 25-fold (n=4-7; p<0.001), respectively from W islets. Arginine (10 mmol/1) 
enhanced basal glucagon release 13.5-fold to 32.2 ± 4.3 pg/islet per h in GK (n=8; 
p<0.001) and 3.7-fold to 6.0 ± 0.9 pg/islet per h (n=9) in W islets. POV (100 pmol/1) 
inhibited arginine-induced glucagon release from GK islets (by 55%, n=8; p<0.05) 
but did not significantly affect the release from W islets. At 1 mmol/1 POV, arginine- 
stimulated glucagon release was unchanged in GK islets (32.2 ± 5.4 pg/islet per h, 
n=7), while it was enhanced 6-fold in W islets (33.8 ± 5.8 pg/islet per h, n=6; p<0.001 
vs 10 mmol/1 arginine). 

Conclusions: PTPase activities in the A-cell may play important but complex roles in 
the regulation of glucagon release, since inhibition of PTPase activity by POV - 
depending on the concentration of the compound - either stimulates or inhibits the 
release. The potent inhibition of arginine-stimulated glucagon secretion by 100 pmol/1 
POV in GK rat islets suggests abnormal PTPase activity behind the augmented A-cell 
secretion in diabetes. 
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PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE 
MIMICKS THE ATP-SENSITIVE K-CHANNEL-INDEPENDENT ACTION 
OF GLUCOSE AT LOW GLUCOSE CONCENTRATIONS 
A. Rosengren, K. Filipsson, B. Ahren and E. Renstrom. Lund University, Sweden. 

Background and Aims: Pituitary-adenylate cyclase activating peptide (PACAP) is released 
from intrapancreadc nerve endings. PACAP increases cytosolic cAMP and results in receptor 
knock-out mice indicate its participation in phasic insulin secretion in vivo. Here we have 
explored how PACAP interacts with the ATP-scnsitive K channel (KATP channel)- 
independent stimulation by glucose on insulin secretion. 

Materials and Methods: The patcb-clamp technique was used to monitor electrical activity 
and Ca2+-currents in clonal INS-1 cells, with exocytosis monitored as increases in cell 
capacitance. 

Results: PACAP (100 nM) had minimal effects on glucose-induced electrical activity. We then 
explored the glucose-dependence of PACAP-mcdiated actions on voltage-gated Ca2+ currents 
and exocytosis elicited by single 300 ms voltage-clamp depolarisations. At 3.3,10 and 20 mM 
glucose, exocytosis amounted 20+-4, 40+-5 and 81+-17 £F, respectively (P<O.05; n=24[3.3] 
&25[10]; and P<0.05; n=25[10] & 12[20]). Since Ca2+-influx was unaffected, these results 
demonstrate the KATP channel-independent action of glucose. PACAP stimulated exocytosis 
significantly at all glucose concentrations, but the effect was relatively largest at 3.3 mM 
glucose and was 180% (p<0.001; n=24[control] &. 17[PACAP]). PACAP also augmented 
depolarisation-elicited Ca2+-influx. The Ca2+ current vs. exocytosis relationship was best 
described by a linear function, enabling us to use the ratio k of the two to quantify the Ca2+- 
efficacy of exocytosis. This comparison confirmed that, a) glucose increased the Ca2+-c£ficacy 
of exocytosis in a concentration-dependent manner (p<0.01; n=24(3.3] & 12(20]); and, b) 
PACAP mimicked this effect only at 3.3 mM glucose (p<0.05; n’=24[control] & 17[PACAP]). 
At higher glucose concentrations PACAP primarily acted by further increasing voltage- 
dependent Ca2+ influx. The effects of PACAP were largely suppressed by Rp-8-Br-cAMPS, 
indicating the involvement of protein kinase A. A role for PKA in the KATP channel- 
independent action of glucose was suggested by the findings that: 1) the phosphatase inhibitor 
okadaic acid (100 nM) itself increased exocytosis at 3.3 mM glucose by 92+19% (P<0.01; 
n=5), and 2) that Rp-8-Br-cAMPS reduced the glucose mediated potentiation of Ca2+- 
dependent exocytosis by >60% (P<0.05; for 3.3 to 20 mM, n=5). 

Condusions:Tbese results suggest that PACAP mimicks the KATP channel-independent 
actions of glucose at low glucose concentrations, whereas at higher glucose concentrations this 
effect is not operative. Furthermore, PKA plays a pivotal role for both the PACAP- and 
glucose-mediated actions. 
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Activation of an inward Na* current by acetylcholine in mouse 

PANCREATIC p-CELLS. 

J.F. Holland, J.C. Henquin and P. Gilon. Unite d’Endocrinologie et 
Metabolisme, University of Louvain, Brussels, Belgium. 

Our aim was to identify and characterize the current by which acetylcholine 
(ACh) depolarizes the plasma membrane of pancreatic p-cells. The 
observations that this depolarization is abrogated by omission of Na + , and 
that ACh increases cytosolic [Na + ] suggested that the current is carried by 
Na + . Methods: Both conventional and perforated whole-cell modes of the 
patch-clamp technique were used in single mouse p-cells, voltage-clamped 
at -80 mV. Results: In the presence of external Na + , ACh induced a 
sustained inward current in intact p-cells (perforated mode), which was 
reversible upon washout of ACh and fully prevented by the muscarinic 
antagonist atropine. The maximal current was 0.77 ±0.15 pA/pF at 100 
pmol/1 ACh, and the EC 50 was observed at - 2.4 pmol/1 ACh. This current 
was not mediated by the rise in [Ca 2 *] c nor by intracellular Ca 2 * pool 
depletion because it was unaffected by pretreatment of the cells with 
thapsigargin (perforated mode) or by addition of 10 mmol/1 EGTA to the 
pipette solution (conventional whole-cell mode). Abrogation of the current 
by omission of Na + from the medium suggests that the current activated by 
ACh carries Na + . Surprisingly, ACh failed to induce an outward Na* 
current when the electrochemical gradient for Na* was reversed (Na + -rich 
pipette solution and Na*-free bath medium). It did not activate any outward 
K* current either (K*-rich pipette solution and (Na*,K*)-free bath medium). 
Insensitivity of the ACh-activated Na* inward current to tetrodotoxin 
excludes the participation of voltage-dependent Na + channels. When the 
pipette solution contained GTP-y-S or GDP-p-S instead of GTP, ACh still 
activated a reversible inward current, suggesting that the current is not 
activated through a G protein. Conclusions: Muscarinic receptor activation 
elicits a Na* current in pancreatic p-cells. By depolarizing the plasma 
membrane, this current contributes to open voltage-dependent Ca 2 * 
channels, increase [Ca 2 *] c and eventually trigger exocytosis. 
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DETERMINATION OF THRESHOLD GROWTH HORMONE 
CONCENTRATION REQUIRED FOR INDUCING BENEFICIAL EFFECT 
ON INSULIN SECRETION FROM HUMAN FETAL ISLETS DURING 
LONG-TERM INCUBATION 

P.B. Djordjevic, N.M.Lalic, AJotic, I. Paunovic, N. Raketic, M. Zamaklar, K. LaJic, 
N. Rajkovic, Lj. Lukic, I. Markovic, Institute for Endocrinology, Belgrade, 
Yugoslavia 

Background and Aims: In our previous studies w’e have shown that long-term 
incubation (15 days) with growth hormone (GH) has a beneficial effect of preventing 
the decline of insulin secretion capacity from isolated human fetal islets during 
cultivation in vitro, but the ability of low GH concentrations to induce this effect 
remains to be clarified. Therefore, the aim of this study was to determine the threshold 
GH concentration required for achieving the beneficial effect of the long-term GH 
incubation. 

Materials and Methods: The islets were isolated by collagenase digestion, and 
Cultured in media with 10% fetal calf serum at 37C, 5%C02. The effect on insulin 
secretion was evaluated by using a 15 day incubation of islets with 200, 300, 400, 
500, 600 and 1000ug/l GH (Genotropin,Kabi Pharmacia) as well as without GH. The 
insulin secretion capacity was evaluated by determining insulin levels in culture 
media after I hr incubation sequentially with 1.67mmol/l glucose and 16.7mmol/l 
g!ucose+5mmol/l theophylline, and expressed as a percentage of the increase in 
insulin levels after stimulation. 

Results: We found that insulin response remained stable with 400ug/l GH 
(dayl:767.9+/>64.3%, day!5: 761.6+/-69.7%; p=NS) and the response partem did not 
differ significantly when higher doses of 500, 600 or 1000 ug/1 GH were applied. In 
contrast, the insulin response declined with 200(dayl:237.3+/-29.3,day 15:124.2+/- 
19.2%; p<0.0l)and 300 ug/1 GH(dayl: 421.6+/-38.2,dayl5:213.4+/-23.1%,p<0.01) 
showing the response pattern similar to that of the islets incubated without GH 
(dayI:223.5+/-24.7 %, day 15:118.1+/-14.3%; p<0.05). 

Conclusions: Our results have demonstrated a threshold GH concentration required 
for its potentiating effect on insulin secretion from isolated human fetal islets which 
might be of relevance during islet preparations for clinical transplantation 


503 

The prevalent GJyl057Asp polymorphism in the insulin receptor substrate -2 
gene is not associated with impaired beta cell function or development 
W. Renn, A. Fritsche, A Madaus, O. Tschritter, A Teigeler, M. Weisser, E. Maerker, 
F. Machicao, H. Haring, M. Stumvoll. Medizinische Klinik, Abteilung fur 
Endokrinologie, Stoffwechsel und Pathobiochemie, Eberhard-Karls-Universitat, 
Tubingen, Germany. 

Background and Aims: Disruption of the insulin receptor substrate (IRS)-2 was 
shown to cause type 2 diabetes in mice. This could be largely attributed to abnormal 
beta cell development. In humans, a prevalent polymorphism in IRS-2 (GIyl057Asp) 
was not found to be associated with type 2 diabetes in linkage and association studies. 
We tested the hypothesis that an extreme challenge of the beta cell might reveal subtle 
abnormalities in carriers of this polymorphism undetected by conventional insulin 
secretion tests. 

Materials and Methods: In addition to assessing beta cell function by oral glucose 
tolerance testing (OGTT) (n = 318, normal glucose tolerance) we measured the 
secretory response to maximal stimulation by hyperglycemia (10 mM), glucagon-1 ike- 
petide (GLP)-l and arginine administered in an additive fashion (n = 77, non¬ 
diabetic). The allelic frequency of the Asp allele was -37%. 

Results: Neither the beta cell function indexes from the OGTT nor the secretory 
response during the hyperglycemic clamp differed measurably between carriers and 
controls. Moreover, maximal plasma C-peptide concentrations in response to the 
combined glucose, GLP-1 and arginine stimulus was not different between Gly/Gly 
(10745 ± 1186) and X/Asp (10800 ±490 pmol/l, p=0.99). 

Conclusions: Our findings strongly suggest that the Glyl057Asp polymorphism in 
IRS-2 is not associated with beta-cell dysfunction. The normal maximal insulin 
secretory response strongly indicates that this common polymorphism does not result 
in developmental defects of the endocrine pancreas or reduced beta cell mass. 
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MELATONIN RECEPTOR EXPRESSION BY HUMAN AND RODENT 13- 
CELLS: FUNCTIONAL ROLE IN INSULIN SECRETION? 

R.D. Jumaheer, D. Sugden, *P.E. Squires, G.C. Huang, P.M. Jones and S.J. 
Persaud, King’s College London, UK, *Warwick University, UK 
Background and Aims: Melatonin secreted by the pineal gland entrains 
circadian rhythms in many physiological processes through interaction with 
two G-protein-coupled receptors (MTs). We have now investigated whether 
pancreatic islets and p-cells express MTs and whether melatonin influences 0- 
cell function. Materials and Methods: Expression of MT mRNA and protein 
by human and rat islets and MIN6 P-ccIls was determined by RT-PCR and 
Western blotting, as appropriate. Changes in intracellular Ca 2 * ([Ca 2 *]i) were 
assessed by microfluorimctry and insulin secretion from perifused human islets 
and MIN6 cells was measured by radioimmunoassay. Results: RT-PCR using 
primers specific for MTj and MT 2 receptors amplified single products of the 
appropriate sizes from mRNA isolated from rat (360 and I54bp) and human 
islets (321 and 285bp). Receptor expression was confirmed in p-cells using 
RNA isolated from MIN6 cells. An anti-MTi receptor antibody recognised the 
60kDa MT* receptor in MTj rcccptor-overexpressing fibroblasts and MEN6 
cells, and it also detected a 72kDa immunorcactive protein in human islet 
extracts'. Melatonin evoked a dose-related increase in [Ca 2+ ], in MIN6 cells 
(31% of cells responsive to InM melatonin; 73% responsive to lOnM 
melatonin), that was reversibly inhibited by blockade of voltage-operated Ca 2 * 
channels with 10pM nifedipine (30/30 cells from 5 separate experiments; 
P<0.001). Melatonin did not affect basal insulin secretion from MING cells 
configured as pscudoislets (2mM glucose: 105±2.7% control; +10nM 
melatonin: 123±20% control, mean±SEM, n=3, P>0.2), but lOnM melatonin 
caused a small, sustained increase in insulin release from human islets at 2mM 
glucose (peak: 250% basal, plateau: 180% basal, n=2). Conclusions: These 
data indicate that human and rodent islets and MIN6 cells express MTj and 
MT 2 receptors and that interaction of melatonin with MTj and/or MT 2 
receptors can initiate insulin secretion from human islets, but not MIN6 cells. 
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CONTOCAL IMAGING OF INSULIN GRANULE MOVEMENTS ALONG 
THE CYTOSKELETON DURING PHASIC INSULIN SECRETION 
R. Ivarsson, J. Galvanovskis, X-J. Jing and E. Renstrom. Molecular and Cellular 
Physiology, Lund University, Sweden 

Background and Aims: Cumulating evidence suggests that first phase glucose-induced insulin 
secretion corresponds to the Ca2+-elicited discharge of a subset of insulin granules docked to 
the B-cell plasma membrane. Much less is known about how glucose stimulates granule 
recruitment during second phase insulin secretion. Here, we have elucidated the role of pre- 
exocjtotic insulin granule translocations in this process. 

Materials and Methods: Insulin granules, microtubules and the actin cell cortex were co¬ 
labelled using LysotrackerRed, EGFP-tubulin and EGFP-actin, respectively, and visualised by 
confocal imaging. We also used the standard whole-cell configuration of the patch-clamp 
technique to test the effects of potential cytosolic regulators of granule mobility. 

Results: Insulin granule motion was intense already in the absence of glucose. Three different 
t)pcs of granule movements could be distinguished: a) random diffusion, b) slow directed 
movements in the 20-40 nm/s range, and c) fast directed saltatory jumps with velocities 
between 200 and 2000 nm/s. Double labelling experiments revealed that saltatory jumps 
occurred exclusively along the microtubules, and disruption of the microtubule network 
abolished saltatory activity. All three types of movements could be observed sequentially in an 
individual granule, and before granules were tethered to the cyloskelcton, they diffused for an 
average 435+90 nra (n-14). Elevating glucose from 0 to 20 mM did not affect the velocity of 
the fast saltatory jumps or the diffusion coefficient. The slow directed movements were, 
however, slightly accelerated from 32+1 to 38+2 nm/s (P<0.01; n=22) and this effect was 
evident within ] min after glucose elevation. Interestingly, these movements occurred near the 
plasma membrane where the actin cortex is located and were not microtubule-dcpcndcnL We 
then investigated the effects of cytosolic factors on granule mobility using the standard whole- 
cell configuration. Immediately after establishment, granule movements were unperturbed, and 
changes in the intracellular ATP/ADP ratio had no acute effects on granule mobility. However, 
a time-dependent run-down of granule motion was manifest after >5 min, suggesting that an 
intracellular constituent required for granule motion was washed out 

Conclusions: Glucose-mediated recruitment of insulin granules for release primarily reflects 
physical translocation of insulin granules that localise in the peripheral actin network. This 
effect appears to depend on Ca2+-influx from the exterior, rather than a change in the B-cell 
metabolic state. Microtubule-dependent saltatory activity was not affected by glucose. 
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NSF IS PRESENT IN RAT B-CEI.ES AND IMPORTANT FOR THE 
REFILLING OF THE READILY RELEASABLE POOL. 

L. Eliasson, J. Schriever-Abeln and X. Ma, Department of Molecular and Cellular 
Physiology, Lund University, Lund, Sweden 

Background and Aims: Insulin is characteristically released in a biphasic pattern 
where the first rapid phase is thought to be attributable to primed granules within a 
readily releasable pool (RRP), and the second phase to the ATP-dependent 
mobilisation of granules from a reserve pool. The aim of this study was to investigate 
the role of NSF (NEM-sensitive factor) in the exocytotic process prior to insulin 
secretion using a monoclonal antibody against the protein (Mab 2E5). 

Material and Methods: For the investigations of the exocytotic process capacitance 
measurements were combined with the standard whole-cell configuration of the 
patch-clamp technique. This technique allows an intracellular application of the 
antibody. 

Results: An -80 kD band corresponding to the size of NSF was found using Western 
Blot analysis. Immunostaining on B-cells revealed the presence of NSF in the cytosol 
and NSF was shown to co-localize with insulin, mainly close to the plasma 
membrane. A train of ten 500 ms depolarising pulses from -70 to 0 mV was applied 
on single rat B-cells. This allows influx of calcium through voltage-dependent 
calcium-channels, which triggers exocytosis. The two first pulses in the train can be 
used to estimate a size of the readily releasable pool whereas the following pulses 
represent mobilisation of granules from a reserve pool. Under control conditions the 
RRP was estimated to 227±22 fF (n=6), which was reduced by 35% to I47±I8 £F 
(n=7) in the presence of the antibody. A more pronounced decrease was observed 
during the latter pulses where an 80% reduction in the increase in membrane 
capacitance was observed in the presence of Mab 2E5 £11±5£F vs 57±17 £F under 
control conditions). 

Conclusions: The data suggest that NSF might be involved in an early step of granule 
recruitment for calcium-dependent exocytosis in rat pancreatic B-cells. 
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In vivo imaging of ryanodine receptor-mediated calcium release from dense core 
secretory vesicles in insulin secreting cells 

K. Mitchell, A. Varadi, E. Ainscow, P. PintonJJ, T. PozzanJt, R. RizzutoJ, and G.A 
Rutter. Department of Biochemistry, University of Bristol, BS8 1TD, U.K., 
^Department of Experimental and Diagnostic Medicine, Ferrara, Italy, JJDepartment 
of Biomedical Sciences, Padova, Italy. 

Background and Aims: Insulin secretory vesicles represent a large potential store of 
intracellular Ca2+ ions, whose mobilisation could increase cytosolic free Ca2+ 
concentration (ICa2+JC) and hence contribute to the stimulation of insulin release. 

Materials and Methods: In order to measure the free Ca2+ concentration in the 
secretory vesicle matrix ([Ca2+]SV), and thus Ca2+ flux across the vesicle 
membrane, we have generated a chimaeric cDNA encoding recombinant aequorin 
(Aq) and vesicle-associated membrane protein-2 (VAMP2). 

Results: In pancreatic islet-derived MIN6 B-cells, [Ca2+]SV was 51 ± 7.5 mM (mean 
± S.E.M., n = 3), ~5-fold lower than in the endoplasmic reticulum (ER; [Ca2+]ER, 
249 ± 12.9 mM, n = 3). Secretory vesicle Ca2+ uptake was insensitive to inhibitors of 
the sarco-endoplasmic reticulum Ca2+-ATPase (SERCA) pump activity, but sensitive 
to the P-type Ca2+ pump inhibitor, orthovanadate. In contrast to the ER, the vesicular 
Ca2+ store was unaffected by inositol (1,4,5) tris-phosphate in permeabilised cells. 
However, either caffeine or the ryanodine receptor agonist, 4-chloroeythyIphenoI, 
induced Ca2+ release from the secretory vesicles and ER in intact cells. Cyclic 
ADPribose also decreased both [Ca2+]SV and [Ca2+]ER in permeabilised cells, an 
effect potentiated by palmitoyl CoA. 

Conclusions: Secretory vesicles sequester Ca2+ via an ATP-dependent Ca2+ pump, 
distinct from SERCAs, but with properties similar to that of the yeast Golgi Ca2+- 
ATPase, PMR1 (human ATP2C1). The presence on vesicles of active ryanodine 
receptors suggests that localised increases in free [Ca2+]C (e.g. close to sites of 
exocytosis) may activate Ca2+ release from vesicles and could contribute to the 
activation of insulin release by glucose and other agents. 
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SNAP-25 PHOSPHORYLATION IN INSULIN SECRETING CELLS 
C. Gonelle-Gispert, M. Costa, M. Takahashi, K. Sadoul* and P. A. Halban. 
Laboratoires de Recherche Louis-Jeantet, Geneva, Switzerland, *Institut Albert 
Bonniot, Grenoble, France and Mitsubishikasei Institute of Life Sciences, Tokyo, 
Japan 

Background and Aims: The tSNARE SNAP-25 (Synaptosomal Associated Protein of 25 kDa) 
is necessary for regulated insulin secretion. The present aim was to investigate whether SNAP- 
25 becomes phosphorylated in insulin secreting cells and if so to further characterise this 
phosphorylation event. 

Materials and Methods: To test for SNAP-25 phosphorylation by PKC, cells were treated 
with the phorbol ester PMA and analysed by immunofluorescence and Western blotting using 
an antibody recognising specifically SNAP-25 phosphorylated at residue Scru 7 (consensus site 
for PKC phosphorylation). The reversibility of SNAP-25 phosphorylation was studied using a 
water-soluble PMA homologue, PDA Phosphorylation of SNAP-25a and b was analysed after 
expression of the myc-tagged isoforms. GFP-SNAP-25 cysteine mutants, which differ in terms 
of their palmitoylation and membrane association, were used to study whether SNAP-25 
phosphorylation takes place in the cytosol or only w hen membrane associated. 

Results: SNAP-25 is phosphorylated at residue Ser„ 7 after treatment of insulin secreting (INS- 
1) cells with PMA (IpM). Phosphorylation was detectable after 5 min and increased with time 
to a maximum after 1 h. SNAP-25a and SNAP-25b isoforms are phosphorylated to the same 
extent in INS cells. SNAP-25 phosphorylation is rapidly reversible, with little detectable 
phospho-SNAP-25 30 min after PDA removal and none after 1 h. The soluble (100% cytosolic) 
GFP-SNAP-25 Cysjs.jj.M .92 mutant (lacking all 4 cysteines necessary for membrane 
association) was not phosphorylated in contrast to the GFP-SNAP-25 wild-type fusion protein. 
The single GFP-SNAP-25 Cys, 5 mutant which is distributed equally between cytosol and 
membrane, revealed that only the membrane-associated fraction was phosphorylated. 

Conclusions:SNAP-25 is phosphorylated at Ser ll7 in insulin secreting cells after treatment with 
PMA and this phosphorylation is a rapidly reversible event The results further suggest that 
SNAP-25 needs to be membrane-anchored in order to be phosphorylated. Studies are presently 
under way to determine what role phosphorylation of SNAP-25 may play in its biological 
function and in particular in insulin secretion. 
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Phosphodiesterase 3B is activated by glucose and insulin in rat islets and 
involved in Ca2+-stimulated eiocytosis 

L H. Hamdahl, X. Jing, E. Renstrom and L. Stenson Holst. Section for Molecular 
Signalling, CMB and Dept of Physiology and Neuroscience, Lund University, Lund, 
Sweden. 

Background and Aims: cAMP is a potentiator of Ca2+ -induced insulin granule exocytosis as 
well as glucose-stimulated insulin release. Selective inhibitors of phosphodiesterase (PDE) 3, 
an enzyme which catalyzes hydrolysis of cAMP, have been used to increase insulin release in 
mouse models and human and rat islets. It is conceivable that increased PDE3 activity, on the 
other hand, may confer inhibition or attenuation of exocytotic and secretory events. Little is 
yet known regarding which agents are capable of activating B-cell PDE3B. The aim of this 
study was to investigate activation mechanisms for PDE3B in rat islets and the effect of the 
PDE3 inhibitor OPC3911 on single B-cell exocytosis. 

Materials and Methods: Rat islets were isolated from coIl3genase-digestcd pancreas tissue 
and incubated over night in Krebs Ringer bicarbonate buffer. Following stimulation in the 
presence or absence of inhibitors, islets were homogenized and PDE3 activity was assayed 
using 3H-cAMP as substrate. Single B-cell exocytosis was monitored as increases in cell 
capacitance. 

Results: In rat islet incubations, insulin secretion-stimulating concentrations (11*20 mM) of D- 
glucose increased PDE3B activity by two-fold, whereas incubation w ith non-metabolizablc L- 
glucose had no effect The activation was inhibited in the presence of 100 nM wortmannin and 
0,1 mM diazoxidc, respectively, indicating involvement of phosphatidyl-inositol 3-kinase and 
dependence on functional A TP-sensitive potass sium channels. Interestingly, a dose-dependent 
activation of PDE3B was also observ ed by stimulation of islets with increasing concentrations 
of insulin (1-100 nM). We then addressed the role of PDE3B in B-cell exocytosis. In intact 
cells (pcrforatcd-patch configuration), OPC3911 increased exocytosis elicited by voltage-damp 
depolarisations by 41+-1I fF (P<0.05; n=*5). Surprisingly, OPC3911 retained a —30% 
stimulatory effect when exocytosis was elicited by intracellular dialysis of a Ca2+-acd cAMP- 
containing patch electrode solution in the standard whole-cell configuration (P<0.05; 0=15 and 
17, in the absence and presence of OPC, respectively). 

Conclusion: Mechanisms for activation of PDE3B in B-cells arc poorly defined, our results 
indicate both nutrient and hormonal control of PDE3B activity. Local control of cytosolic 
cAMP concentration by PDE3B, rather than control of global cAMP, may play an important 
role for modulation of exocytosis in B-ccIJs. 
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SELECTIVE INTERACTION WITH EXOCYTOSIS UNDERLIES GLUCOSE- 
DEPENDENT INSULIN SECRETION BY THE IMIDAZOLINE COMPOUND 
NNC77-0074 

M. Hay, H.L. Olsen. P. Mackay. K. Bokvist J. Gromada, J.S. Petersen. Novo 
NordiskA/S, Bagsvaerd. Denmark. 

Aim: To explore the effects of the novel imidazoline compound NNC77-0074 
on insulin secretion in vitro and in vivo. Methods: All in vitro experiments 
were performed on intact mouse islets or isolated p-ce!!s. Patch-clamp tech¬ 
niques were used to record electrical activity, ion channel activity and exocy¬ 
tosis. Cytoplasmic Ca J * levels were determined by microfluorometry. Insulin 
was assayed by ELISA. Blood glucose and plasma insulin was measured in 
fasted and postprandial Sprague Dawley rats. Results: Intravenous (i.v.) ad¬ 
ministration of NNC77-0074 (20 mg/kg) significantly increased plasma insulin 2 
min later in postprandial rats (from 49.0 pmol/l to 534.5) and lowered blood glu¬ 
cose levels (from 4.8 mmol/! to 3.7 after 30 min, P< 0.004). In contrast, in over¬ 
night fasted rats NNC77-0074 had no significant effect on plasma insulin (from 
6.4 pmol/l to 140.0) or blood glucose levels (from 3.4 mmol/1 to 3.0 after 30 
min). In vitro. NNC77-0074 produced a concentration- and glucose- 
dependent stimulation of insulin release from intact mouse islets. No stimula¬ 
tion was observed at glucose concentrations s5 mM, whereas a pronounced 
stimulation (a100%) occurred at higher glucose levels. The insulinotropic 
action of NNC77-0074 reflected stimulation of Ca z *-dependent exocytosis 
(>100%; ECso=0.1 pM), measured as increases in cell capacitance. The abil¬ 
ity of NNC77-0074 to stimulate insulin release was not associated with inhibi¬ 
tion of ATP-sensitive K* (K^nO-channels, changes in membrane potential, 
altered cytoplasmic Ca 21 ' levels or increased activity of voltage-dependent 
Ca 2 ‘-channels. The stimulatory action of NNC74-0074 was blocked by the 
PKC inhibitors Calphostin C and Bisindolylmaleimide I but not by the protein 
kinase A inhibitor Rp-cAMPS. Conclusion: These data demonstrate that 
NNC77-0074 potentiates insulin secretion in a glucose-dependent manner 
both in vitro and in vivo by K A Tp-channel independent acceleration of Ca ! *- 
dependent exocytosis. 
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Differential glucose responsitivity in insulin-producing cell lines derived from the 
INS-1 line is associated with altered Ca2+ dynamics and Ca2+-evoked exocytosis 
S. Yang, B. Ahren, E. Renstrom, H.E. Hohmeier, C.B. Newgard, H. Mulder 
Lund University, Sweden, and Southwestern Medical Center, Dallas, TX 

Background and Aims: Insulin secretion is impaired in Type 2 diabetes. To gain 
insights into the mechanisms of this impairment, we have compared biochemical 
variables in highly glucose-responsive (line 832/13) and glucose unresponsive (line 
832/2) cell lines, which have been derived from INS-1 insulinoma cells by a 
transfection/selection strategy. 

Materials and Methods: Insulin secretion in static incubations was measured by 
RIA. The cytoplasmic Ca2+ concentration [Ca2+]cyt was determined by dual 
wavelength excitation spectrophotofluorometry, using single cells pre-loaded with 
FURA-2-AM (45 min). By use of the standard whole-cell configuration of the patch 
clamp technique, the exocytotic response evoked by intracellular dialysis with a 
Ca2+/EGTA buffer (free cytosolic Ca2+~2mM), cAMP (0.1 mM) and ATP (3 mM) 
was monitored as increases in cell capacitance. 

Results: Insulin secretion from 832/13 cells was stimulated 10-fold as glucose was 
raised from 1 to 15 mM (3.1 ± 0.17 versus 37.7 ±16 ng/mg/h at 1 and 15 mM 
glucose, respectively; half-maximal response at 10 mM). In contrast, 832/2 cells 
maximally increased insulin secretion from 4.8±0.7 to only 7.3±1.3 ng/mg/h under 
identical conditions. At 15 mM glucose, steady-state [Ca2+]cyt was 62±4 nM in 
832/13 cells (n=ll) versus 40±3 nM in 832/2 cells (n=I3, P<0.001), [Ca2+]cyt 
oscillated with 1.4±0.3 pulses/10 min in 832/13 cells (n=l 1) versus 0.3±0.I/10 min in 
832/2 cells (n=13; P=0.013). The oscillatory amplitude was similar in the 832/13 and 
832/2 line (93±41 versus 100±22 nM, respectively). Upon membrane depolarization 
(20 mM K+), [Ca2+]cyt increased similarly to 228±32 nM (832/13) and 173±15 nM 
(832/2). Moreover, the Ca2+-induced exocytotic response was 2-fold greater in 
832/13 than in 832/2 cells (35±7 and 17±5 £F/s, respectively; P<0.01, n=10 and 12). 
Conclusions: 832/13 cells exhibit higher steady state [Ca2+]cyt and more frequent 
Ca2+ oscillations than 832/2 cells, as well as an exocytotic process that is sensitized 
to Ca2+. These alterations may explain the differential glucose-responsiveness of the 
novel beta-cell lines. 
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ALTERNATIVE MDR SPLICING IS REQUIRED FOR DIRECT 
POTENTIATION OF EXOCYTOSIS BY SULPHONYXUREAS 
A. Wendt, S. Barg, F. Hallden, M. Braun*, F. Thevenod*. E. Renstrom and P. 
Rorsman. Lund University, Sweden and * University of Manchester, U.K. 

Background and Aims: Hypoglycaemic sulphonylureas (SU) initiate insulin secretion by 
inhibiting the ATP-sensitive K-channcl. However, SU-binding predominantly occurs on 
intracellular membranes, including those of the insulin-containing granules. We have 
previously demonstrated that SU also potentiate Ca2+-dependent exocytosis in mouse B-cells. 
This mechanism involves acceleration of granular chloride uptake and facilitatation of granular 
acidification. The process involves a granular 65 kDa protein, related to the mullidrug 
resistance P-glycoprotcin (MDR). Here, vve have extended on this work and started to 
characterise the elusive intracellular SU-rcccptor. 

Materials and Methods: Northern blots and rtPCR were performed on isolates from RJNm5F 
and INS-1 cells. SU-mcdiated stimulation of exocytosis and granule acidification were 
estimated by capacitance measurements and LysoScnsor microfluorimetry, respectively. SU- 
binding was investigated using photo-affinity labelling (PAL) with 3[H]-glibcnclamidc. 

Results: 3[H]-glibcnclamide binding to a granular 65 kDa protein was demonstrated in 
RINm5F cells and normal mouse islets, but not INS-1 cells. In RJNmSF cells, tolbutamide (100 
uM) stimulated exocytosis elicited by intracellular dialysis of a Ca2+-containing patch 
electrode solution (free cytosolic [Ca2+]i 170 nM) by 92% (P<0.01; 21+/-8 and 12+/-4 fF/s; 
n=8 &. 7, with & without tolbutamide, respectively). This effect was parallelled by a SU- 
mcdiated -50% stimulation of granule acidification (P<0.05; d=8, in both groups). By contrast, 
in INS-1 cells SU failed to stimulate either exocytosis or granule acidificatioa The $U- 
mediated stimulation of exocytosis could be prevented by JSB-1 or C219, functional antibodies 
directed against the MDR. These Ab’s recognise a 65 kDa protein, possibly representing a 
splice variant of MDR, which lead us to explore MDR expression on the RNA level. In a 
Northern blot using a probe against MDR vve detected a 4600 bp band corresponding to full- 
length MDR in both cell lines. A prominent 2400 bp band was detected in RINm5F cells, which 
can be predicted to produce a 65 kDa protein. Interestingly, this band was absent in INS-1 cells. 
Wc confirmed the expression of full-length MDR in both RINm5F and INS-1, and a truncated 
transcript in RINm5F by rtPCR. 

Conclusions: These results indicate that the SU-mcdiated potentiation of granule acidification 
and exocytosis requires alternative MDR splicing. We speculate that the granular SU-binding 
65 kDa protein represents a splice product of MDR. 
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IMIDAZOLINES STIMULATE CA"-L\DL'CED EXOCYTOSIS FROM SINGLE 
PANCREATIC p-CELLS BY a PLArDEPENDENT MECHANISM 

H.L. Olsen, M. Hoy, K. Juhl, N. Blume, J. Gromada, J.S. Petersen. Novo Nordisk 
A/S, Bagsvaerd, Denmark. 

Aim: To explore if the stimulatory action of imidazoline compounds on exocytosis is 
dependent on phospholipase A 2 (PLA 2 ) activity. Methods: Exocytosis was measured 
in single mouse pancreatic P-cells as increases in cel! capacitance using the patch- 
damp technique. Cytoplasmic free Ca 2 Mevels were determined by microflurometry. 
Results: Infusion of the imidazoline compound NNC77-0074 (100 pM) into isolated 
p-cells strongly stimulated Ca 2 *-dependent exocytosis (from 5.0S±0.8S to 9.0±0.3 
fF/s, PO.OOl). This stimulatory action of NNC77-0074 on exocytosis was found not 
to be associated with inhibition of ATP-sensitive K + *channeIs or changes in cyto¬ 
plasmic free Ca 2 Mevels. A similar stimulation of exocytosis by NNC77-0074 (100 
jiM) was observed in INS-1 E insulinoma cells. Application of HELSS (30 uM) or 
ACA (100 pM), inhibitors of PLA 2 , abolished the stimulatory action of NNC77- 
0074 on exocytosis (from 9.2±1.3 fF/s to 4.8±1.1 fF/s, P<0.05 and 5.06±0.88 fF/s, 
P<0.05). Since neither HELSS nor ACA is specific for PLA 2 , INS-1 E cells were 
transfected with anti-sense against cytoplasmic PLA 2 type IV (5’- 
GTGCTGGTAAGGATCTAT-3’), PLA 2 sense (5’-GTGCTCCTAAGTTTCTAT-3’) 
or unrelated oligonucleotides to confirm the PLA 2 dependence of NNC77-0074- 
induced exoc>tosis. NNC77-0074-stimulated exocytosis was completely blocked to 
background levels (sense transfected cells without NNC77-0074 stimulation) by anti- 
sense PLA 2 transfection, 2.1 ±0.4 fF/s and 2.0±0.4 fF/s respectively. This was not 
due to a general impairment in exocytosis since the anti-sense treated INS-1 E cells 
responded normally to high Ca 2 * or tolbutamide-induced exocytosis. Insulin release 
measured on transfected INS-1 E cells correlated with the exocytosis data. 
Conclusion: These data demonstrate that NNC77-0074 stimulates Ca 2 *-induced 
exocytosis through a PLA 2 -dependent mechanism, without interfering with the K ATP - 
channel activity. 
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ISOLATION AND STRUCTURAL CHARACTERISATION OF 
INSULINOTROPIC PEPTIDES FROM BOMBINA VARIEGATA 
Y.H.A. Abdel-Wahab, L. Marenah. C. Shaw and P.R. Flatt. School of 
Biomedical Sciences, University of Ulster, Coleraine, N. Ireland, UK. 

Aims: To isolate and characterise insulinotropic peptides from the skin secretions 
of Bombina variegata frogs. Methods: Crude venom (5 mg; 5-10 frogs) 
obtained by mild electrical stimulation from the dorsal skin surface was purified by 
re versed-phase HPLC on a semi-preparative Vydac Cl 8 column. Peaks were 
assayed for insulin-releasing activity by acute 20 min incubations with glucose- 
responsive BRIN-BD11 cells. Results: Three prominent fractions from a total 
of 44 showed 1.4-3.3-fold increases in insulin-release (p<0.001, n=3) compared 
with control (5.6 mmol/1 glucose alone). The viability of BRIN-BD11 cells 
assessed by neutral red assay (16 mmol/1 alloxan as positive control) was not 
affected under these conditions. Electrospray mass spectrometry analysis of the 
Jiree major peaks revealed molecular masses of 1641.7, 1662.6 and 1619.8 Da 
respectively. The amino acid sequences of these purified insulin-releasing peptides 
were successfully completed in a single analysis revealing peptide structures each 
with 14 amino acids. The database search of the amino acid sequences of purified 
nsulin-releasing peptides revealed 100% homology of 1619.8 Da peak with 
ximbesin. The two other peaks 1641.7 Da, and 1662.6 Da represented entirely 
lovel peptides with 73-93% resemblance to native bombesin . To evaluate the 
nechanism of action of the insulin-releasing peptides, acute 20 min incubations 
vere performed with each peptide alone or in the presence of either 300 |lmol/l 
liazoxide, 50 pmol/1 verapamil or 30 mmol/1 KC1. The stimulatory effects 
nduced by the 1641.7 Da peptide on insulin release were reduced by 92% by 
liazoxide (p<0.001, n=4), whereas the stimulatory effects of other two peptides 
vere abolished. Verapamil induced a 47% reduction in the secretory response to 
lombcsin (1619.8 Da peptide) but had no effect on responses to 1641.7 and 
.662.6 Da peptides. All three peptides maintained their ability to enhance insulin 
elease in cells depolarised with 30 mmol/1 KC1 (P<0.001, n=4). Conclusion: 
rhe skin secretions of Bombina variegata frogs contain novel peptides w-ith 
nsulin-releasing activity, which may be useful for exploitation of antidiabetic 
igents. 
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FATTY ACYL COA ESTERS ARE REQUIRED FOR THE LYI IDA ZO LINE 
INSULIN SECRETAGOGUE EFAROXAN TO INITIATE INSULIN 
SECRETION 

S.L.F. CHAN, D. Forrester & N.G. Morgan*. Institute of Cell Signalling, University 
of Nottingham, U.K. and ’School of Life Sciences, Keele University, Staffs., U.K. 

Background and Aims: The imidazoline efaroxan (efx) can potentiate insulin secretion, but it 
fails lo increase release when islets are incubated in the absence of glucose. The secretory 
effects of ebc involve both the blockade of K-ATP channels and the regulation of more distal 
events in exocytosis, but it is not clear why the response exhibits such a strict glucose- 
dependence. A recent hypothesis has proposed that long chain fatty acyl-CoAs (LCCoAs) are 
required for full induction of nutrient-induced insulin release. Thus, in this study', we have 
investigated whether efx can initiate insulin release in the absence of glucose by manipulation 
of intracellular free fatty acid levels. 

Materials and Methods: Islets of Langerhans were isolated from Wistar rats and used in static 
incubation secretory studies. Insulin release was determined by RJA. 

Results: At zero glucose, islets responded to palmitic acid (PA) with a dose-dependent increase 
in insulin secretion, but failed to respond to efx (up to lOOmicroM) under these conditions. By 
contrast, when incubated in the presence of a non-stimulatory concentration of PA (lOmicroM), 
rat islets responded to lOOmicroM efx with a robust increase in insulin secretion (efx alone: 
0.52 ± 0.05, efx plus PA: 0.99 ± 0.02 ng/ islet/ h, p < 0.001). This response was attenuated by 
ISOmicroM condemn, an inhibitor of protein acylation (0.70 ± 0.03, p < 0.001) and by the fatty’ 
acyl-CoA synthetase inhibitor triacsin C. cAMP has been shown to increase intracellular 
LCCoA levels but, in the absence of glucose, the adenylate cyclase activator, forskolin 
(5microM) failed to enhance insulin release. However, co-administration of forskolin with efx 
resulted in an increase in insulin secretory rate (from 0.51 ± 0.03 to 1.05 ± 0.07 ngfelct/h, p < 
0.001), and this was antagonised by ccrulenin (0.76 ± 0.04) and by triacsin C (0.58 ± 0.05). The 
imidazoline insulin sccretagoguc antagonist KUI4R also blocked the synergistic secretory 
response induced by forskolin and efx (0.76 ± 0.05). Equivalent results were obtained when 
lOOmicroM H3MX was used in place of forskolin. 

Conclusions: In the absence of glucose, efx can initiate insulin release under conditions when 
intracellular levels of LLCoAs are elevated. Blockade of fatly acid activation or protein 
acylation antagonises this response suggesting that acyl-CoA molecules may represent critical 
coupling factors that are required for imidazoline-induced insulin secretion. 
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CHRELIN INHIBITS INSULIN SECRETION IN MICE. 

Martina Kvist Reimer and Bo Ahren; Dept. Medicine, Lund University, Sweden 

Background and Aims: The peptide ghrelin is expressed in stomach oxyntic cells 
and is the endogenous ligand for the growth hormone secretagogue receptor. 
Administration of ghrelin increases food intake and lowers energy expenditure, 
causing adiposity in rodents. Furthermore, ghrelin plasma levels correspond to the 
nutritional state in rats, being highest during fasting; thus ghrelin might be involved in 
regulating metabolism. Our aim w’as to test the effects of ghrelin on glucose-stimulated 
insulin release in normal and glucose-intolerant mice, the latter exhibiting 
hyperglycemia and hyperinsulinemia caused by high-fat diet. 

Materials and Methods: Healthy C57BI/6J mice were given ghrelin (0.5 nmol/kg) during an in 
vivo glucose tolerance test (IVGTT, 1 g D-glucose/kg). Insulin secretion from islets isolated 
from C57B1/6J mice was tested in the presence of ghrelin. 

C57BI/6J mice were given a high-fat diet (58 % Cat) or a control diet (11% fat) for 9 months, 
whereafter animals where injected daily with ghrelin (50 nmol/1 i.p.) or saline for 7 days. 
Insulin response to a glucose stimulus w as assessed by IVGTT on day 8. 

Plasma insulin was measured by RIA, glucose levels by the glucose-oxidase method. Statistics 
were calculated by ANOVA. 

Results:Ghrelin caused a significant inhibition of the acute insulin response to iv glucose (179 
± 61 pmol/1 (50nmol/kg ghrelin).'vs. 573 ± 83 pmol/1 in controls). An inhibitory effect on 
insulin secretion was also seen in isolated islets, where insulin secretion was greatly reduced 
(by 77%) in 22.2 mmol/1 glucose (384 ± 104 pmol/1 vs. 1650 ± 503 pmol/1 in controls; p< 
0.001), when ghrelin was present at I nmot/1 in the medium. After 9 months on high-fat diet, 
mice displayed weight increase, hyperglycemia and hyperinsulinemia compared lo control mice 
(54.3 ± 1.4 vs. 26.6 ± 0.5 g; 10.2 ±0.5 vs 3.1 ± 0.3 mM; and 195.1 ± 29.7 vs. 34.5 ± 5.4 pmol/1, 
respectively, all p<0.001). Seven days of ghrelin administration did not affect these parameters. 
However, reduced insulin secretion after iv glucose in the group fed w ith normal diet (20min 
insulin: 391± 58 vs. 917± 264 pmol/1, p=0 02) in association with impaired glucose elimination 
in ghrelin-treated high-fat fed mice (20 min value 32.3 ± 0.9 vs. 26.0 ± 3.0 mmol/1 (p= 0.048) 
was observ ed after ghrelin treatment. 

ConcIusions:Ghre!in potently inhibits insulin release in response to a glucose stimulus in 
healthy mice. Furthermore, in already glucose-intolerant, high-fat diet fed mice, ghrelin further 
reduced glucose tolerance. Since ghrelin is associated to fasting, our results Suggest that this 
peptide contributes to the islet adaptation to fasting. 
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Inhibition of tetrahydrobiopterid synthesis partially reverses IL-1 induced 
inhibition of insulin secretion in rat islets of Langerhans 

J.M. Cunningham and P. Stickings. School of Pharmacy and BiomoIecuJar Sciences, 
University of Brighton, UK. 

Background and Aims: Nitric oxide generated following cytokine induction of iNOS 
is thought to mediate both functional inhibition and cytotoxicity in pancreatic beta 
cells. We have shown previously that synthesis of the iNOS cofactor 
tetrahydrobiopterin (BH4) is required for maximal IL-lbeta-induced NO synthesis in 
rat islets of Langerhans. The aim of this study was to assess the effects of the BH4 
synthesis inhibitor 2,4-diamino-6-hydroxy-pyrimidine (DAHP), on IL-l-induced 
inhibition of insulin secretion. Materials and Methods: Rat islets of Langerhans 
were cultured for 48h and then treated +/- IL-1 (20U/ml) +/- DAHP (5mM) +/- 
sepiapterin (an alternative substrate for BH4 synthesis, 50uM) for 24h. Islets were 
then pre-incubated in 2mM glucose for 30min prior to a challenge with 20mM 
glucose for Ih. Insulin secreted was measured by radioimmunoassay. Results: Insulin 
secretion in control islets was significantly increased following challenge with 20raM 
glucose(2mM0.61 +/- 0.12ng insulin/islet, 20mM 1.74 +/-O.llng insulin/islet, mean 
+/- SEN!, n=5, p<0.0002). Treatment of islets with 20U/ml r.human IL-1 abolished 
this glucose-induced insulin secretion (2mM 0.34 +/- 0.06ng insulin/islet, 20mM 0.37 
+/- 0.05ng insulin/islet, n=5). The BH4 synthesis inhibitor DAHP significantly 
reversed the inhibitory effect of IL-1 on glucose-stimulated insulin secretion (EL-1 + 
DAHP: 2mM 0.29 +/- 0.04ng insulin/islet, 20mM 0.72 +/- 0.12ng insulin/islet, n=5, 
p<0.01). When sepiapterin, which acts as a substrate for BH4 synthesis via a salvage 
pathway, w r as included the effect of DAHP on cytokine-inhibited insulin secretion 
was attenuated (IL-1 + DAHP + sepiapterin: 2mM 0.38 +/- 0.09ng insulin/islet, 
20mM 0.49 +/- 0.17ng insulin/islet, n=4). Conclusions: The effects of the BH4 
synthesis inhibitor DAHP on insulin secretion correlate with our previous findings 
showing that this compound significantly inhibits IL-l-induced NO generation in rat 
islets. These findings support the hypothesis, that IL-I-induced, NO-mediated 
inhibition of insulin secretion is dependent upon synthesis of tetrahydrobiopterin. 
Synthesis of the NOS cofactor tetrahydrobiopterin therefore represents a possible 
target for intervention in cytokine-induced NO-mediated dysfunctional effects on beta 
cells. 
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Effects of chronic exposure of isolated human islets to glimepiride, 
glibenclamide or chlorpropamide 

S. Del Guen-a, L. Marselli, R. Lupi, S. Del Prato, P. Marchetti. Dept of 
Endocrinology and Metabolism, Metabolic Unit, University of Pisa, Pisa-Italy. 

Background and Aims: The direct effects of prolonged exposure to sulphonylureas 
on the function and survival of human islets (HI) are unknown. This study assessed 
insulin content, glucose-stimulated insulin release and the occurrence of apoptosis in 
HI cultured in the presence of glimepiride (Gp), glibenclamide (Gb), or 
chlorpropamide (Chi). 

Materials and Methods: HI were prepared by collagenase digestion and density 
gradient purification from 10 multiorgan donors, and were then exposed for 24h to 
Gp (1.0 or 10 pM), Gb (1.0 or 10 pM) or Chi (200 or 600 pM). Insulin content (IC, 
by acid extraction), glucose (G)-stimulated insulin release (expressed as % of IC) 
and the occurrence of apoptosis (by an ELISA technique) were evaluated. 

Results: IC in control HI was I42±41pU/isIet and was not significantly affected by 
1.0 pM Gp (81±18% of control HI). IC was significantly lower after exposure to 10 
pM Gp (64±10% of control HI), 1.0 and 10 pM Gb (58±15 and 69±43%), 200 and 
600 pM Chi (49±17 and 44±22%). Insulin release from control HI in response to 45 
min challenge with 3.3 and 16.7 mM glucose was 2.6±0.3 and 5.3±1.9% (p<0.01). 
This glucose responsiveness was maintained in HI pre-exposed to 1.0 pM Gp 
(2.8±0.3 and 4.1±0.7% respectively at 3.3 and 16.7 mM glucose, p<0.01), 10 pM Gp 
(3.4±1.0 and 4.6±1.7%, p<0.01), and 200 pM Chi (2.6±0.5 and 3.5±0.8% p<0.05); 
on the contrary, HI pre-cultured with 1.0 pM Gb, 10 pM Gb, and 600 pM Chi 
showed no increase of insulin release at 16.7 vs 3.3 mM glucose. The amount of 
apoptotic cells (expressed as arbitrary OD units) did not differ significantly between 
the experimental groups, and ranged 1.3±0.4 to 2.3±0.6. 

Conclusions: Minimal disturbances of human islets function occurred after 
prolonged culture with glimepiride, as compared to the alterations observed 
following chlorpropamide and, more markedly, glibenclamide exposure. These in- 
vitro results raise the possibility that glimepiride may have less adverse effects on 
pancreatic beta-cells during treatment of type 2 diabetic patients. 
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Tetracycline-Regulated Secretion of Mature Human Insulin in Transfected 
Primary Rat Myoblasts. 

KT Scougall and JAM Shaw. Institute of Medical Sciences, University of Aberdeen, 
UK. 

Background and Aims: Long term constitutive secretion of insulin by host skeletal muscle 
following transduction with an insulin gene construct offers a potential approach to gene 
therapy for diabetes mellitus, circumventing the need for immunosuppression. Transfection 
may be performed ex vivo in primary myoblasts derived from muscle biopsy with subsequent 
reimplantation by intramuscular injection or in situ by direct injection of naked plasmid DNA. 
Therapeutic applicability will however be critically dependent on a mechanism for regulating 
insulin secretion. The aim was to evaluate the potential for tetracycline-responsive 
transcriptional control of human insulin secretion in primary muscle cell cultures. 

Materials and Methods: The human cDNAs for wild-type proinsulin (hppl-l) and a mutated 
construct (hppI-4), in which the dibasic PC2 and PC3 cleavage sites were altered to form 
tctrabasic consensus sites for furin, were sub-cloned into a tetracycline-responsive plasmid 
(pTRE). Transient transfections of the constructs w ith another plasmid, pTet-OCf (coding for a 
transactivating protein) were performed in primary myoblasts cultures derived from adult 
Sprague Daw ley rat solcus muscle. Secreted pro/insulin levels were measured using a non¬ 
specific antibody, measuring total insulin-like immunorcactivity and a specific antibody, 
measuring fully processed insulin. 

Results: In the absence of tetracycline, peak pro/insulin secretion was attained at 24-48 hours 
post-transfection for hppl-l (1.1 ng/ml/24 hours) and at 48-72 hours post-transfection for hppl- 
4 (0.338 ng/mI/24 hours). Conversion of proinsulin to insulin was low with hppl-l transfected 
cells (< 20%) compared to hppI-4 (> 80%). Tetracycline was added to fresh medium at the start 
of each 24 hour incubation period. In the presence of increasing concentrations of tetracycline 
(0.001,0.01 and 0.1 ug/ml), pro/insulin secretion was reduced to 66,48 and 42% for hppl-l and 
64,47 and 39% for hppI-4, respectively compared to untreated cells (100%) during the 24-48 
hour incubation. Following an additional 24 hour incubation (48-72 hour) with equivalent 
tetracycline concentrations, pro/insulin secretion was reduced further to 67, 22 and 9% for 
hppl-l and 75,32 and 11% for hppI-4 transfections compared to untreated cells (100%). 

Conclusions: Regulated secretion of fully processed human insulin has been attained in 
primary muscle cell cultures following in vitro transient transfection with a tetracycline- 
responsive insulin construct 
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Electrical coupling between B-cells in intact islets 

ML Larsson, S. O. Gdpel and P. Rorsman. Dept of Physiological Sciences, Lund 
University, Sweden 

Background and Aims: B-ccIIs within intact islets are electrically coupled. We applied the 
patch-clamp technique to intact islets in order to study electrical coupling and exocytosis in 
functionally identified B-cells. 

Materials and Methods: All experiments were performed in the perforated patch 
configuration. 

Results: The total electrical coupling of B-cells was estimated to -1.2 nS by measuring the 
resting conductance after blockage of KA TP-channels and by recording currents leaking in 
from bursting adjacent cells in the presence of 10 mM glucose. In the presence of TEA (to 
block outward K+-currcnts), voltage gated Ca2+-channcls were activated within a few ms at 
voltages >-40 mV. At 15.7 +/- 3.7 mV (n=7) a secondary inward current was activated within 
—40-100ms. This current is due to an action potential triggered in a neighbouring cell and w as 
only seen in functionally identified B-cells, not in A- or D-cclls. In the presence of 20 mM TEA 
and 5 mM glucose the resting potential was -68.4+/-2 mV. When raising the glucose 
concentration to 10 mM, B-cells generated action potentials starting at -48+/-1 5 mV (n*8). The 
voltage at which the secondary inward current appears thus indicates when the voltage pulse 
applied to the patch-clamped cell caused depolarisation from -68.4 mV to -48 mV in the 
strongest coupled neighbouring cell. From these data the electrical coupling between two cells 
was calculated to 0.15+/-0.0I nS (n=7) Dividing the total coupling conductance with this 
estimate gives that B-cells arc electrically coupled to 7-8 cells. Application of voltage pulses to 
-55 mV from a holding potential at -70 mV elicited a slow capacitive current with a time 
constant of 13.8+/-1.7 ms (n*5) due to charging of coupled cells. This slow component was 
neither detectable in A- or D-cells within intact islets nor in isolated B-cells. This time constant 
was 7 times larger than that for charging a single cell and docs thus not interfere with 
capacitance measurements. Exocytosis elicited by a voltage-pulse to 0 mV lasting 250 ms was 
twice as large (n=13) in intact islets as in single B-cells. Voltage pulses to the Ca2+-equlibrium 
potential at +60 mV docs not induce Ca2+-influx into the voltage clamped cell but triggered 
action potentials and hence exocytosis in neighbouring cells. Exocytosis in the neighbouring 
cell was not reflected in an increase of capacitance of the patch-clamped cell. 

Conclusions: 1) Only B-ceJIs are electrically coupled. 2) B-cells arc coupled to 7-8 cells. 3) 
Electrical coupling does not interfere with capacitance measurements. 4) B-cells within intact 
islets have a stronger secretory response than dispersed B-ccIIs. 
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IN HUMAN PANCREATIC TISSUE SULFATIDE IS PRESENT 
EXCLUSIVELY IN BETA CELLS AND IS SEEN IN THE INSULIN 
SECRETORY GRANULES 

T. Osterbye, T Horn, P Fredman and K Buschard. Bartholin Instituttet; Herlev 
Hospital, Copenhagen, Denmark; and Sahlgrenska Universitetssjukhuset, Mdlndal, 
Sweden. 

Background and Aims: Anti-sulfatide antibodies have been detected in type I 
diabetes patients and sulfatide has been found in rodent islets. In vitro studies have 
demonstrated that sulfatide is capable of stabilizing insulin crystals and to promote its 
monomerization. The aim of the present study was to investigate the localization of 
sulfatide in human pancreatic tissue and to examine the influence of sulfatide on 
insulin processing. Materials and Methods: Islets including some surrounding 
exocrine tissue originating from a healthy 41 year old male organ donor were labeled 
with a sulfatide-specific mAb Sulph I and examined ultra structurally. The tissue was 
also analyzed for glycolipid content using thin-layer chromatography. Furthermore, 
the effect of sulfatide on re-folding of denatured proinsulin was investigated in vitro 
by alkylation of free cystine residues in reduced proinsulin followed by native acryl 
amide gel analysis. Results: Electron micrographs dearly demonstrated the presence 
of sulfatide in the beta-cell secretory granules, whereas neither alpha cells nor 
exocrine tissue were labeled. The amount of sulfatide was determined to be 3 pmol 
sulfatide/pg protein, which is comparable to amounts found in rodents. In presence of 
sulfatide, reduced proinsulin was found to fold momentarily into its native 
conformation indicated by the formation of proinsulin dimers and hexamers. Without 
sulfatide proinsulin oligomerization did not occur but remained denatured in its 
monomeric form. Finally, molecular modeling of the interaction between insulin and 
sulfatide demonstrates that sulfatide fits surprisingly well to insulin and is compatible 
with sulfatide folding over the insulin molecule. The dimer-forming surface of insulin 
is suggested to interact with the fatty acid in sulfatide, and insulin residue A8Thr 
interacts with the sphingosine base. Hence, this model is in good concordance with 
our previous data on monomerization. Conclusions: In this first study of sulfatide in 
human pancreatic tissue, sulfatide is found exclusively in beta cells and is seen in high 
concentrations in insulin secretory granules. In vitro studies with human (pro)insulin 
show that sulfatide facilitates the folding of proinsulin, preserves insulin crystals, and 
promotes insulin monomerization. 
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Modelling of Elimination Kinetics of Endogenous Insulin 

O. Tschritter, A. Fritsche, P. Tschritter, A. Madaus, H. Haring, M. Stumvoll. 
Department of Endocrinology and Metabolism, Eberhard-Karls-Universitat, 
Tubingen, Germany 

Background and Aims: Elimination kinetics of endogenous insulin covering the 
extreme concentration range have not been determined in humans. The aim of this 
study was to determine the model parameters which would best predict plasma insulin 
concentrations using insulin secretion rates (ISR, from plasma C-peptide levels). 

Materials and Methods: We performed a modified hyperglycemic Clamp (10 mM 
Glucose, GLP-I infusion at 120 min, arginine bolus at 180 min) in 8 normal glucose 
tolerant (NGT) and 8 impaired glucose tolerant (IGT) subjects. The insulin 
concentration of a distinct time point was calculated as a function of the following 
parameters: 1. insulin concentration of the preceding time point, 2. ISR minus hepatic 
extraction ('first pass effect'), 3. systemic insulin clearance. 

Results: In this Clamp insulin concentrations ranged from 72 to 1165 pM (glucose), 
376 to 8295 pM (GLP-1) to a peak of 1485 to 15708 pM (arginine). A non-linear, 
two-compartmental model of insulin distribution was assumed with the following 
model parameters. 1. Systemic insulin clearance is a sigmoid function of the plasma 
insulin concentration; 2. Hepatic extraction of secreted insulin ('first pass effect 1 ) is a 
sigmoid function of ISR which serves as semi-quantitative index of portal venous 
insulin concentrations; 3. Postulation of low affinity binding-sites which cause a time- 
and concentration-dependent enlargement of the apparent distribution volume at high 
plasma insulin levels. The difference of predicted vs. measured insulin levels was 
20+/-10% (glucose), 4+/-13% (GLP-1) and 3+/-13% (arginine) in NGT and 22+/-11, 
4+/-13 and 3+/-12 in IGT respectively 

Conclusions: Our model for insulin elimination is the first one that permits prediction 
of insulin concentrations from ISR (i. e. C-peptide) over the full physiologic and 
supraphysiologic range of plasma insulin levels and ISR. 


524 

REPRODUCIBILITY OF PANCREATIC p-CELL RESPONSIVENESS 
DURING MTT AND OGTT LN HEALTHY SUBJECTS 
AIS Albarrak, SD Luzio, R Playle, R Hovorka and DR Owens (City 
University, London; Llandough Hospital, Cardiff, UK) 

Background and Aims: Insulin secretion model (ISM) quantifies fasting (M 0 ) and 
postprandial (Mi) prehepatic pancreatic {J-cell responsiveness during a meal 
tolerance test (MTT). We aimed to validate ISM with the oral glucose tolerance 
test (OGTT) and to compare reproducibility during MTT and OGTT. Materials 
and Methods: Healthy male subjects (N=9, age 27.6 + 2.3 year, BMI 24.2 ± 0.5 
kg/m 2 ; mean ± SE) were studied after a 12 hours overnight fast in random order on 
four separate occasions one week apart having either a 75g OGTT (2x) or a 
500kcal MTT (2x). Fifteen samples were withdrawn every 5-30 minutes over four 
hours to measure plasma glucose, insulin and C-peptidc. Results: Validity of ISM 
with OGTT was assessed and supported by the random distribution of normalised 
residuals, non-significant results of Runs test, and excellent precision of parameter 
estimates (CV for Mj and Mo < 4%). Mi and Mo were not reproducible. 
Incremental area under curve 0-90 minutes of insulin (AAUQ) but not glucose 
(AAUCc) or C-peptide (AAUCc) were reproducible. Conclusions: In conclusion, 
ISM was validated during OGTT in healthy subjects. Fasting and postprandial 
responsiveness were not reproducible due to the lack of reproducibility of glucose 
and C-peptide profiles. MTT resulted in 1.5 fold higher postprandial pancreatic (T 
cell responsiveness than OGTT._ 



Mean ± SE 

Within subjects variation 
as % of total variation 

Within subjects 
CV J 

MTT 

OGTT 

MTT 

OGTT 

MTT 

OGTT 

U|(10*I l/rnin) 

49.4+5.3* 

32.5+2.8 

39% 

66% 

36% 

42% 

Mo (10'* x t/min) 

3.5±0.5 

3.7+0.3 

35% 

45% 

34% 

33% 

AA U Co(mnx)l/l/90min) 

88+lt 

189±18 

31% 

35% 

36% 

30% 

i5AUCc (pmol/I/90min) 

58.4±5.4 

71.4+3.9 

43% 

72% 

34% 

37% 

AAUCj (mU/l/90mm) 

2.6+0.4 

2.8+0.4 

16% 

19% 

26% 

29% 


* P< 0.01, MTT vs OGTT 
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Relationships between age, proinsulin conversion and beta cell function in non¬ 
diabetic humans 

A. Madaus, A- Fritsche, N. Stefan, O. Tschritter, E. Maerker, A. Teigeler, H. Haring, 
M. Stumvoll. Medizinische Klinik, Abteilung fhr Endokrinologie, Stoffwechsel und 
Pathobiochemie, Eberhard-Karls-Universitat, Tubingen, Germany 

Background and Aims: Aging is a key determinant of type 2 diabetes. The aim of 
the present study was to examine the relationships between beta cell function, 
proinsulin conversion to insulin and age. 

Materials and Methods: We studied insulin and proinsulin secretion in non-diabetic 
subjects during an oral glucose tolerance test (OGTT) using published indices of beta 
cell function (N=379, age 16 to 68 years) and a modified hyperglycemic clamp (10 
mM, additional GLP-1 infusion, final arginine bolus; N=50, age 19 to 68 years). 
Proinsulin conversion to insulin was assessed using proinsulin/insulin (PI/I) ratios 
immediately after an acute stimulus (OGT, 30 min; hyperglycemic clamp, 2.5 to 5 
min after glucose and arginine). 

Results: There was a negative correlation between age and beta cell function 
(adjusted for insulin sensitivity, BMI, fasting glucose) in the OGTT (r = -0.21, p < 
0.001) and 1st phase of the hyperglycemic clamp (r = -0.30, p = 0.03) but not 2nd 
phase (r = -0.08, p = 0.6) and arginine induced insulin secretion (r « 0.06, p = 0.7). 
There was a positive correlation between age and the PI/I ratio in the OGTT (r = 0.24, 
p < 0.001). Analogously, there was also a positive correlation between age and the 
PI/I ratio during 1st phase (r = 0.37, p = 0.009) and arginine stimulation (r = 0.33, p = 
0.01) of the hyperglycemic damp. 1st phase insulin secretion of the hyperglycemic 
clamp was inversely correlated with the PI/I ratio (r = -0.60, p < 0.001). Interestingly, 
adjusting 1st phase secretion rate for the PI/I ratio abolished the linear relationship 
with age (r - -0.06, p = 0.7). 

Conclusions: Aging is associated with deteriorating beta cell function and 
deteriorating proinsulin conversion to insulin. The age effect on insulin secretion 
appears to be attributable at least in part to an impairment of proinsulin conversion to 
insulin. 
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FFA ELEVATION MODULATES THE HIGH-FREQUENCY INSULIN 
SECRETORY PATTERN IN A TIME DEPENDENT MANNER. 

M. Hollingdal, C.B. Juhl, N. Porksen, J. Stuns and O. Schmitz. University Hospital of 
Aarhus and Novo Nordisk, Copenhagen, DENMARK. 

Background and Aims: Free fatty acids (FFA) influence insulin secretion and insulin 
sensitivity. The present study was undertaken to examine the effect of physiologic* 
acute and short-term elevation of FFA (400 to 600 mmol/L) on high-frequency 
pulsatile insulin secretion. 

Materials and Methods: Eight lean, healthy, young volunteers were examined 
during acute (1 hour) and short-term (24 hours) infusion of intralipid/heparin 
compared with infusion of saline. Blood was collected every min for two times 60 
min (baseline and glucose entrainment (4 mg/kg body weight every 10 min)) to 
establish insulin time-series, and finally a first-phase insulin secretion test was 
performed (25 g glucose iv). 

Results: Deconvolution analysis was used to determine basal (non-pulsatile) insulin 
secretion (BS) and insulin secretory burst mass (BM). Regularity was assessed by 
spectral and autocorrelation analyses. During entrainment BM significantly increased 
after acute elevation of circulating FFA (BM: 25.7+/-5 vs. 45.2+/-9 pmol/L/min; 
p=0.01), whereas short-term elevation of FFA significantly increased BS (BS: 6.0+/-3 
vs. 9.0+/-4 pmol/L/min; p=0.005). No difference was observed in normalized spectral 
power or autocorrelation coefficient, in the basal or entrainment period, during acute 
or short term elevation. First-phase insulin secretion, as measured by area under the 
curve (AUC), was exaggerated during both protocols (p<0.05), hence indicating beta¬ 
cell compensation for insulin resistance. 

Conclusion: Elevation of circulating FFA does not perturb regularity of high- 
frequency insulin pulsatility but modulates basal secretion and insulin secretory burst 
mass in a rime-dependent manner. 
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The Effect of Fat Infusion on Insulin Secretion in Elderly Obese Man at 
Increased Risk of Developing Type 2 Diabetes 

H.S. Storgaard, C.B. Jensen, Aa. Volund, A. Vaag and S. Madsbad, Dept of Endo, 
Hvidovre Hospital, Copenhagen, Novo Nordisk, Gentofte and Steno Diabetes Center, 
Gentofle, Denmark. 

Background and Aims:EIevated plasma free fatty acids (FFA) are considered to play 
an important role for the development of impaired insulin action (LA) and perhaps 
insulin secretion (IS) in Type 2 diabetic patients. 

Materials and methods: We studied rite effect of a low grade 0, 2 and 24 hours 
Intralipid infusion (intended 10% increase of fasting pl-FFA) on IS and LA in 15 
elderly obese men, 7 glucose intolerant (IGT) first degree relatives of type 2 diabetic 
patients (57,2±2 years, BMI 32,0±1,2 kg/m2) and 8 matched healthy controls (53±2 
years, BMI 32,7±1,4 kg/m2). Study day A and B were performed. A; an intravenous 
glucose tolerance test (IVGTT) (0,3 g glucose/kg) to determine the first phase insulin 
response and a 120 min. euglycaemic hyperinsulinaemic clamp (40mU/m2/min) to 
determine LA B; a graded glucose infusion to determine the dose-response (dose- 
response test (DORE)) dependency of pl-glucose and insulin secretion rate (ISR) 
ending with a 75 min hyperglycaemic (30 mM) clamp combined with arginine 
injection (arginine test (ARGI)). In order to evaluate IS in relation to IA a disposition 
index (Di) was calculated (Di=IA IS). 

Resultsln the total study population and both subgroups IA w r a$ reduced app. 30 % 
from 0 to 2 and 24 hours fat infusion (FI). In the total study population and the 
subgroup of controls IS wasn't affected by either 2 or 24 hours FI in any of the tests. 
Within the group of IGTs, however, IS decreased significantly during the IVGTT 
from 2 to 24 hours of FI (P<0.01). When IA was taken into consideration there was a 
decrease in Di in the total study population in all tests from 0 to 2 and 24 hours FI, 
respectively; DilVGTT (7.85±1.48 vs. 5.14±0.81 vs. 4.98±0.97; P<0.02), DiDORE 
(4.34±0.54 vs. 3.14±0.27 vs. 3.37±0.44; P<0.02), DiARGI (1443±331 vs. 770±253 
vs. 834±244, NS). The two subgroups displayed the same pattern for IVGTT and 
DORE but the changes were only significant within the group of IGTs; DilVGTT 
(0vs24 P<0.01) and DiDORE (Ovs 2 P<0.03). DiARGI was decreased near- 
significantly within the control group (p<0.08). 

Conclusions: Fat induced insulin resistance is not balanced by a sufficient 
compensatory increase in insulin secretion in elderly obese glucose intolerant male 
relatives of diabetic patients and matched controls. 
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LNSULIN SECRETION BEHAVIOUR IN TYPE 2 DIABETES AND 
ABDOMINAL OBESITY 

S. Hussein, A. R. Popa and M.S. AIbu, University of Oradea, Street V. Babes nr.8, 
Bihor County, 3700, Romania 

Background and Aims : We studied the behaviour of the insulin secretion during oral 
glucose tolerance lest (OGTT) in subjects with abdominal obesity, with Type 2 
Diabetes obese or non-obese, comparatively with subjects of different age without 
Diabetes Mellitus or abdominal obesity, but with other diseases. Materials and 
Methods: In the study 2 groups: the first one include 40 normoponderal subjects (20 
subjects, without family or individual history of Diabetes Mellitus and 20 subjects 
with Type 2 Diabetes Mellitus); in the second group we included 40 obese subjects 
(20 subjects, without family or individual history of Diabetes Mellitus and 20 
subjects with Type 2 Diabetes Mellitus). All the subjects were submitted to an oral 
glucose administration standard test with 75g glucose, at least 12h after the last meal. 
The glycemia and the insulinemia were measured fasting, at 1, respectively 2 h. 
Results: Fasting insulinemia was 7.90±1.89 pu/ml, increased to 68.1±4.5pu/ml at lh 
and 36.1±2.3 pu/ml at 2h, in normopoderal subjects. The statistical analyse show ed a 
fasting insulinemia significantly higher than (25.68±3.26) and, at 2h (44.5±3.8- 
p<0.001), but less at lh (39.5±3.2-p<0.001), in obese diabetics. In non-obese 
diabetics, fasting insulinemia was lower (6.51±I .5), comparatively with the non- 
obese non-diabetics, but not statistically significant In the non-diabcric obese 
subjects, fasting insulinemia is significantly higher (25.68±3.26), at lh (76.3±2.25; 
p<0.001), and at 2h (4S.8±2.3; p<0.001) comparatively with the normoponderal non- 
diabctic subjects. Conclusions: Abdominal obesity is characterized by an increased 
level of the fasting insulinemia, at 1 and 2 h. The obese Diabetes Mellitus is 
characterized by a delayed increase of the maxim insulin concentration, and in non- 
obese Diabetes Mellitus, by a low insulin secretion at the onset of die disease. The 
variations of the insulin secretion in subjects without Diabetes Mellitus or abdominal 
obesity, but with other cardio-vascular, metabolic, renal diseases, suggest variations 
of the insulin secretion linked to these diseases. 
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CHARACTERISTICS OF GLUCOSE STIMULATED INSULIN SECRETION 
IN CHINESE INDIVIDUALS 

Y.Q. Bao, W.P. Jia, K.S. Xiang, L. Chen, J.X. Lu and J.L. Tang. Shanghai Diabetes 
Institute, Shanghai No.6 People Hospital, Shanghai 200233, P.RXhina 
Background and Aims: To investigate glucose stimulated insulin secretion under 
various glucose tolerant status in Chinese. Materials and Methods: 634 individuals 
(men 286, women 348) aged 58.34+11.32 years were included. Individuals were 
classified in two ways: 1.Individuals were divided into normal weight(NW) and 
overweight/obese(OW/OB) group according to the obesity criteria of WHO(1998). 
Both groups were further divided into 7 subgroups on the basis of fasting glucose 
levels. 2.1ndividuals were divided into 6 subgroups according to body mass 
index(BMI) and glucose tolerant status: NW with normal glucose tolerance 
(NGTXNW*NGT), NW with impaired fasting glucose/impaired glucose tolerance 
(IFG/IGT)(NW-IFG/1GT), NW with diabetes(DM)(NW-DM), OW/OB with NGT 
(OW/OB-NGT), OW/OB with IFG/IGT(OW/OB-IFG/IGT), OW/OB with DM 
(OW/OB-DM). Mean insulin concentration during 2 hour OGTT was applied for 
estimating glucose stimulated insulin secretion. Homeostasis model assessment was 
used to assess the degree of insulin resistance. Results: l.The relationship between 
olucose stimulated insulin secretion and fasting glucose concentration was similar to 
an inverted U-shaped curve. The glucose stimulated insulin secretion reached the 
peak at fasting glucose level of 5.9mmol/L in NW subjects. 2.The highest level of the 
glucose stimulated insulin secretion was observed in OW/OB-NGT group. 3. In 
OW/OB-IGT group, there was a decrease in glucose stimulated insulin secretion and 
increase HOMA-IR. 4.0W/0B-DM group was related to a further decrease in 
glucose stimulated insulin secretion and worsening of the insulin resistance. 
Conclusions: LIn Chinese individuals the relationship between glucose stimulated 
insulin secretion and fasting glucose concentration was similar to an inverted U- 
shaped curve. 2. In the subgroups of NGT, IFG/IGT and DM, there were associated 
with progressive decrease in glucose stimulated insulin secretion and rise in insulin 
resistance in Chinese individuals with over weight or obese. 
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ORNITHINE a-KETOGLUTARATE POTENTIATES GLUCOSE-INDUCED 
INSULIN SECRETION /,V VIVO 

C. Schneid u , J.P. De Bandt u , L. Cynober ,T2 , G. Reach 1 and S. Darquy 1 
'inserm U341, Hotel-Dieu, Paris, 2 Lab. de Biologie de la Nutrition, Paris V, France. 
Background and Aims: The anabolic/anticatabolic properties of ornithine' alpha- 
ketoglutarate (OKG), largely demonstrated in catabolic states, could stem in part from 
its effects on insulin secretion and/or action. We have previously shown that OKG 
promotes insulin secretion by perifused and incubated isolated rat pancreatic islets. 
The aim of this study was to confirm this observation under in vivo conditions and to 
evaluate its influence on Glucose utilisation. Materials and Methods : Because of 
hypoglycemia induced by OKG in fasted state, non fasted animals were used. Male 
Wistar rats (250 - 300 g) were injected in a single bolus intravenously either by NaCl 
0.9% (C), Glucose (0.8gT<g) (Glc), OKG (12 mg/kg) (OKG12) alone or in the 
presence of Glc (0.8 g/kg) (Glc/OKG12). Blood samples were collected at t=0, 1,3,5, 
7, io, 15, 30, 45, 60 and 75 min. Insulin secretion and glycemia were evaluated. 
Insulinemia was determined by RIA. Total insulin secretion is appreciated by the area 
under the curve of insulinemia. Glucose utilisation following glucose load was 
determined by calculating Kg. Results, presented as mean ± SEM, were compared 
using ANOVA and Fisher t-test for comparison of insulin secretion and the non- 
parametric Mann-Whitney-test for statistical comparison of Kg. Results: Insulin 
jecretion in the different groups were as follows: _ 



AUC (n= 10/group) 

c 

5933 ± 800 

Glc 

1 0502 ± 1824 1 

OKG 12 

9240 ±630 

Glc/OKG12 

14204 ± 710 


V 0.05 vs C, 'p< 0.05 vs OKG 12 and Glc 


Glucose utilisation was significantly increased by OKG (Glc: L25 ± 0.13 %/min; 
Glc/OKG12: 1.60 ± 0.05 %/min, p<0.05). At 45 minutes after injection glycemia was 
indifferent compared to basal values In both groups (t=0 Glc: 9.5 ± 0.4 mmol/1 
Glc/OKG12 8.9 ±0.4 mmol/1 and t=45 Glc 10.8 ± 0.7 mmol! GIc/OKGI2: 11.1 ±0.5, 
p<0.05 ns). Conclusions: Confirming in vitro experiments, OKG stimulates insulin 
secretion in vivo. Moreover, OKG potentiates glucose induced insulin secretion 
leading to a significant increase in peripheral glucose utilisation. 
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Acute insulin responses in patients with congenital hyperinsulinemia caused by 
different K-ATP channel mutations 

H. Huopio, J. Jaaskelainen, J. Komulainen, M. Laakso, R. Voutilainen and T. 
Otonkoski. University Hospitals of Kuopio and Helsinki, Finland 

Background and Aims: Mutations in the beta cell K-ATP channel genes (SUR1, 
Kir6.2) are the major cause of congenital hyperinsulinemia (CHI). The clinical course 
of the disease varies in a remarkable way in patients with different genotypes. In 
Finland, the SUR1 mutations V187D and E1506K explain 55% of all CHI cases. The 
aim of this study was to investigate in vivo the acute beta cell responses of CHI 
patients with different genotypes. 

Materials and Methods: Acute (1-5 min) blood glucose, plasma insulin and C- 
peptide responses to an iv. bolus of calcium, glucose and tolbutamide were 
investigated in 18 CHI patients (age 1-28 yrs.). K-ATP channel mutations were 
identified in 12 patients (E1506K, n=6; V187D, n=5; Kir6.2 compound heterozygote, 
n=l). No K-ATP channel mutations were found in six patients. 

Results: Plasma C-peptide and insulin responded significantly better to calcium 
stimulation in the patients with, as compared without K-ATP channel mutations 
(p<0.05). The plasma C-peptide responses to calcium were significantly higher in the 
SUR1 E1506K patient group as compared with the SUR1 V187D patient group 
(p=0.011). The C-peptide response to tolbutamide was lower in the patiens with K- 
ATP channel mutations (p=0.058). The results of intravenous glucose tolerance test 
did not differ significantly between the study groups. 

Conclusions: Our results show that sudden elevation of the plasma calcium level 
stimulates insulin secretion in CHI patients with K-ATP channel gene mutations. This 
result is in accordance with previous studies showing that beta cells with K-ATP 
channel mutations have a constant activity of voltage-gated calcium channels, 
possibly explaining why an increase in extracellular calcium could directly stimulate 
insulin release. An impaired response to tolbutamide is consistent with the existence 
of a K-ATP channel mutation. These findings support the usefulness of calcium and 
tolbutamide tests in differentiating the CHI patients with or without K-ATP channel 
dysfunction. 
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CHRONIC EXPOSURE TO HIGH GLUCOSE OR FREE FATTY ACIDS 
IMPAIRS INSULIN SECRETION BY INCRESESG UNCOUPLING-2 
PROTEIN (UCP-2) EXPRESSION AND AFFECTING GLUCOSE 
METABOLISM. 

G. Patane, M. Anello, S. Piro, R- Vigneri, F. Purrello, and A.M. Rabuazzo. Internal 
Medicine, Endocrinology and Metabolism, Ospedale Garibaldi, University of Catania, 
Italy. 

Background and Aims: Chronic exposure to high glucose or free fatty acids (FFA) impairs 
glucose-induced insulin release in vitro. Under these experimental conditions we have recently 
observed an impairment of glucose oxidation. 

Materials and Methods: To further investigate the mechanism of this alteration, we cultured 
rat pancreatic islets with either high glucose (16.7 mM, 48 h) or high FFA (2mM, 72 h) and 
then measured glucose oxidation (formation of 14C02 from U-I4C-gIucose), glucose- 
stimulated Pyruvate Dehydrogenase (PDH) activity (Radiochemical assay: formation of C02. 
from l-14C-p>Tuvatc) and Pyruvate Carboxylase expression (by Western Blot analysis). We 
also measured ATP and ADP levels (bioluminometric assay), and uncoupling-2 protein (UCP- 
2) expression by Western Blot 

Results: When compared to control islets, islets exposed to high glucose or FFA showed: 1) 
reduction of glucose (22.0 mM) oxidation (29.843.6 or 35.0422 pmol/islcl/120 min in islets 
exposed to either glucose or FFA, respectively, vs 47.5±2.4 in control islets; meaniSE, n=4, 
p<0.01), 2) impaired glucose-stimulated pyruvate dehydrogenase activity* (1.28± 0.08 pU/isIet 
and I.49±0.22 in islets exposed to either glucose or FFA, respectively, vs 2.3840.16 in control 
islets; mean±$E, n=3, p<0.05); 3) unchanged pyruvate carboxy lase levels; 4). impaired 
glucose-induced ATP production (* of increment ova baseline: 0.740.5 and 0.540.3 pmol/islct 
in islets exposed to either glucose or FFA, respectively, vs 12.1 413 in control islets; n=3; 
p<0.05). As a consequence, glucose-induced increase of the ATP/ADP ratio was reduced 
(4.740.7 and 6.640.5 in islets exposed to either high glucose or FFA, respectively, vs 13.841.5 
in control islets; mcan4SE, n-3, p<0.01). Moreover, we found that chronic exposure of 
pancreatic islets to either high glucose or FFA induced overexpression of UCP-2 (I91%429% 
and I97%±13% in islets exposed to either high glucose or FFA, mcan±SE, n=4, p<0.05). 
Conclusions: These data indicate that in rat pancreatic islets exposed to high glucose or FFA 
the impairment of glucose oxidation is associated with (and might be due to) a reduction of the 
ATP/ADP ratio and of glucose stimulated PDH activity, while the expression of UCP-2 protein 
is increased. Therefore, the rat pancreatic islet response to fuel overload may occur via two 
different mechanisms: an impairment of ATP production by a reduction of PDH stimulated 
activity and an increase of energy expenditure by UCP-2 overexpression. 
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FATTY ACID INHIBITION OF HUMAN ISLET AND BRIN-BD11 CELL 
FUNCTION: EVIDENCE OF A ROLE FOR NITRIC OXIDE. 

RA Proctor, JEP Brown, S Thomas*, and SJ Dunmore. Diabetes Research Group, 
Division of Biomedical Sciences, University of Wolverhampton, WV1 1DJ UK. * 
Cellular Pharmacology Group, School of Life Sciences, Keele University, Staffs, ST5 
5BGUK. 

Background and Aims: Elevated plasma free fatty acid (FFA) levels may play a role in the 
development of type 2 diabetes. Long-chain FFA alter B-cell function possibly through a nitric 
oxide (NO) dependent pathway, a mechanism also activated by cytokines. We therefore 
investigated the efTcct of FFA and cytokines on insulin release/secretion and NO generation in 
human islets and BRIN-BD11 cells. 

Materials and Methods: Human islets (100 islet equivalcnls/wcll), obtained from UK 
transplant programs, or BRIN-BD11 cells (-2.5x105 cells/well) were pre-cultured in 24-well 
plates in RPMI medium for 24 h. The cells were then treated at various glucose concentrations 
(5.5,11 and 22mmol/l) + FFA (2 mmol/1,2:1,01eate:Palmitate) or + combined cytokines (IFN- 
y, IL-1B and TNF-a, lOOpmol/1 each) for 72 and 48 h respectively. Insulin release was 
measured by RIA, NO generation by Greiss assay. 

Results: Human islets treated with 2 mmol/1 FFA showed a significant (p - 0.05) 50-75% 
increase in insulin release (72-h) at 5.5 and 11 mmol/1 glucose, with a significant (p = 0.05) 
25% decrease observed at 22 mmol/1. However, the insulin released in response to 2 mmol/1 
FFA appeared maximal (at ~6.00ng/isIet/72-h), irrespective of the glucose concentration 
Subsequent 1-h insulin secretion was inhibited (~10-fold) by FFA at all glucose concentrations. 
BRIN-BD11 cells were glucose responsive; FFA significantly decreased insulin release (-7- 
fold over 48-h) (p= 0.05) and secretion (~5-fold 1-h post secretion) (p - 0.05). A significant 
increase in NO generation (p= < 0.05) -200-fold was seen in the BRJN-BDI1 cells treated with 
2 mmol/1 FFA, and a 50% increase (N.S.) in human islets. 

Conclusions: Incubation with 2 mmol/1 FFA caused a stimulation of insulin release (72-h) and 
inhibition of subsequent acute insulin secretion in human islets. In BRIN-BD11 cells an 
inhibition of both insulin release and secretion was seen. The results suggest that raised FFA 
levels not only affect B-cell function in human islets, but also cause a significant decrease in 
insulin release and secretion in BRJN-BDI 1 cells. Our results suggest that this may occur via a 
NO dependent mechanism. This is therefore further evidence that FFA play a role in B-cell 
dysfunction leading to type 2 diabetes in both human and animal models. 
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Lipotoxieity in human pancreatic islets and the effects of metformin. 

R. Lupi, S. Del Guerra, V. Fierabracci, L. Marselli, M. Novelli, G. Patane, U. Boggi, 
F. Mosca, S. Piro, P. Masiello, S. Del Prato, P. Marchetti. Dept of Endocrinology and 
Metabolism, Dept of Patology and Dept of Oncology, University of Pisa; Dept of 
Endocrinology, University of Catania - Italy 

Background and Aims: Experiments in rodents have shown that prolonged exposure 
of pancreatic islets to high concentration of free fatty acids (FFA) causes alterations 
of insulin release and reduced islet cell survival (lipotoxieity). We evaluated the 
phenomenon of lipotoxieity in isolated human islets, investigated some of the possible 
mechanisms and assessed the role of the antidiabetic drug metformin. Materials and 
Methods: Isolated human islets were prepared from multiorgan donors and incubated 
for 48h in the presence of 2.0 mmol/I FFA (oleate to palmitate, 2 to 1). Insulin 
secretion was then assessed in response to glucose (3.3 and 16.7 mmol/I), arginine (20 
mmol/1) and glyburide (200 pmol/I) during static incubation or by perifusion 
experiments. Glucose oxidation and utilization, and intraislet trygliceride content 
were also measured. Finally, the effect of metformin (2.4 pg/ml) was studied. 
Results: Glucose (28.3±6.9 vs 56.7±12.6 pmol/islet/45 min, p<0.01), but not arginine 
(50.4412.6 vs 47.249.4 pmol/islet/45 min) or glyburide (53.5411.6 vs 44.1±9.4 
pmol/islet/45 min)stimulated insulin release was significantly lower from FFA- 
exposed islets as compared to control islets. Upon perifusion, it was found that 
impairment of insulin secretion after exposure to FFA was mainly accounted for by a 
defect of early-phase release (total release: 34.8±5.9 vs 43.8±6.4 pmol/min; 0-10 min 
release: 19.747.2 vs 66.6416.2 pmol/min; 11-30 min release: 12.641.8 vs 17.445.4 
pmol/min). In control islets, increasing glucose concentration was associated with an 
increase in glucose utilization and oxidation, which were significantly decreased after 
incubation with FFA. Islet triglyceride content increased significantly after FFA 
exposure (25.442.5 vs 15.0±2.1 ng/islet; p<0 05). Addition of metformin to high FFA 
media prevented the impairment of glucose-mediated insulin release, the decline of 
first-phase insulin secretion, the reduction of glucose utilization and oxidation, 
without affecting triglyceride accumulation in the human islets. Conclusions: These 
results show that lipotoxieity in human islets is characterized by selective loss of 
glucose responsiveness and impaired glucose metabolism, with a main defect in early- 
phase insulin release; metformin prevents these deleterious effects, suggesting a direct 
protective action on human beta-cells. 
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LOCALIZATION OF AMYLOID POLYPEPTIDE IN OTHER ISLET SITES 
THAN THE SECRETORY VESICLES OF BETA CELLS FROM NON¬ 
DIABETIC SUBJECTS. 

C. Van Schravendijk, X. Hou, B. Laube*, Z. Ling, A. Clark* and D. Pipeleers. 
Diabetes Research Center, Vrije Universiteit Brussel, Brussels, Belgium, and 
•Diabetes Research Lab., University of Oxford, Oxford 0X2 6HE, United Kingdom 

Background and Aims: Islet amyloid deposits are present in more than 90% of type 
2 diabetic patients but can also occur in the pancreas of non-diabetic subjects. Little is 
known about the mechanisms which underlie formation of islet amyloid polypeptide 
(LAPP) fibrils in the islet. The aim of this study was to examine whether sustained 
stimulation of human beta cells can lead to LAPP fibrils. 

Materials and Methods: Isolated islet cell preparations from non-diabetic subjects 
were cultured for 6 days in Ham's F10 medium at 6 or 20 mM glucose with or without 
isobutylmethylxanthine as potentiator of the beta cell secretory activity. After culture, 
cells were fixed and embedded for electron microscopy. Immuno-gold labeling was 
used to determine the presence of LAPP and N-pro-IAPP at the ultrastructural level. 
Antibodies against insulin and lysosome-associated membrane proteins (LAMP) were 
applied to examine localization of the IAPP peptides in secretory vesicles or 
lysosomes. 

Results: In all tested conditions, both IAPP and N-pro-IAPP were found in insulin 
containing secretory vesicles. In beta cells, IAPP - but not N-pro-IAPP or insulin - 
was also identified in fibrils and in lipid-storing vesicles, some of which were positive 
for LAMP. In the islet interstitium, IAPP was often detected on electron-dense 
structures of cellular debris, which were negative for N-pro-IAPP or insulin. With the 
present techniques, we were unable to examine any quantitative differences in IAPP 
distribution among the different culture conditions. 

Conclusions: In beta cells from non-diabetic subjects, IAPP is found in other sites 
than the secretory vesicles, namely lysosomes, cytoplasmic fibrils and extracellular 
debris. It is still unknown whether environmental conditions influence this 
distribution, and whether these sites contribute to amyloid formation in vivo. 
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PRESENCE OF N-PROISLET AMYLOID POLYPEPTIDE 
r RECURS ORFORM IN ISLET AMYLOID OF TYPE 2 DIABETIC 
PATIENTS. 

X. Pettier, D. Pipeleers and C. Van Schravendijk. Diabetes Research Center, Vrije 
Universiteit Brussel, Brussels, Belgium 

Background and Aims: Amino-acid analysis of islet amyloid in type 2 diabetes has 
identified islet amyloid polypeptide (LAPP) as its main constituent. Immunochemical 
analysis has so far not been conclusive for the presence of proIAPP precursorforms. 
Since we have previously noticed that proIAPP is the main IAPP form released by 
human beta cells cultured at high glucose levels, we consider the possibility that LAPP 
precursors might become incorporated in amyloid deposits. We therefore evaluated 
the occurrence of proIAPP in islet amyloid of type-2-diabetic patients, using different 
methods of tissue preparation. 

Materials and Methods: Human pancreatic tissue, obtained at autopsy from type-2- 
diabetic patients (n=10) was formalin-fixed, paraffin-embedded and/or unfixed 
frozen, before sectioning and incubation with polyclonal antibodies to the N- orC- 
terminal flanking peptide of proIAPP (these antibodies were kindly provided by A. 
Clark, Oxford, UK). To retrieve antigens, sections were heated in 0.6mol/l citrate 
buffer. Antibody binding was revealed by fluorescence. Amyloid deposits were 
visualized by Congo red fluorescence. 

Results: In formalin-fixed sections that had not been heated, no C- or N-proIAPP 
immunoreactivity (IR) was detected in the amyloid deposits. Heating revealed 
positivity for N-proIAPP but not for C-prolAPP. In frozen sections, no pretreatment 
was needed to detect N-proIAPP IR on islet amyloid, however, C-proIAPP IR 
remained negative. N-proIAPP IR was completely blocked by synthetic N-terminal 
flanking peptide. 

Conclusions: Islet amyloid from type-2-diabetic patients contains N-proIAPP but no 
C-terminally extended prccursorform. This observation is compatible with the 
possibility that increased secretion of N-proIAPP under chronic hyperglycemia results 
in incorporation of IAPP precursor in islet amyloid of type-2-diabetic patients. 
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EFFECTS OF LONG-TERM EXPOSURE TO GLUCOSAMINE ON RAT 
PANCREATIC ISLET FUNCTION. 

M. Anello, G. Patane, S. Piro, AM Rabuazzo, R. Vigneri and F. Purrello.Intemal 
Medicine, Endocrinology and Metabolism, Ospedale Garibaldi, University of Catania, 
Italy. 

Background and Aims: Since glucosamine competitively inhibits glucokinase 
activity, its acute addition to isolated islets reduces glucose-induced insulin release. 
The aim of present study is to investigate the effects of chronic exposure to 
glucosamine on pancreatic islets. 

Materials and Methods: Rat pancreatic islets were cultured in CMRL medium 
containing 5.5 mM glucose, with or without 10 mM glucosamine, for 24 and 48 
hours. At the end of the culture, islets were carefully washed to ensure that 
glucosamine was completely removed from the medium. We then measured: a) 
glucose-stimulated insulin release; b) glucokinase activity (by measuring the rate of 
glucose-6-phosphate formation in a fluorimetric assay); c) glucose utilization and 
oxidation rates (by measuring the formation of 3H20 and 14C02 from (5-3H)- 
glucose and (14C)-glucose respectively). 

Results: Glucose-induced (22.2 mM) insulin release was unaffected in islets pre¬ 
exposed for 24 h to glucosamine (820±109 vs. 883±38 pg/islets/30min in control 
islets, mean±SE, n=3), but significantly reduced in islets pre-exposed for 48 h to 
glucosamine (362±104 vs. 787±63 pg/islet/30min, mean±SE, n=3, p<0.05). The islets 
insulin content was similar in the two experimental groups (30.8±4.8 vs. 39.2±9 
ng/islet, meaniSE, n=3). In the islets pre-treated with glucosamine, glucokinase 
activity was slightly but not significantly reduced as indicated by the enzyme Vmax 
(82±10 vs. 111±12 pmol/pg protein/90min, mean±SE, n=4). In contrast, glucose 
utilization and glucose oxidation were significantly reduced in islets pre-exposed to 
glucosamine for 48 h when compared to control islets (81 ±20 vs. 175±20 
pMoI/islet/120min, p<0.001, and 46±6.4 vs. 65±5.6 pMol/islet/120min, mean±SE, 
n=4, p<0.05, respectively). 

Conclusions: In rat pancreatic islets 10 mM glucosamine reduces glucose metabolism 
and glucose-induced insulin release only after long-term exposure (48 h) These 
effects are not dependent on the contemporary presence of glucosamine in the 
incubation media and on its effect on glucokinase. 
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REGULATION OF TOE ENZYME IDURONATE-2-SULFATASE (IDS) IN 
HUMAN AND MICE PANCREATIC ISLET 

I. C. Pons, M. E. Fabregat, M. Julia, A. Novials*. R. Gomis. Endocrinology and 
Diabetes Unit, Laboratory of Experimental Diabetes, IDIBAPS. Hospital Clinic, 
Barcelona University,* Fundacio Sarda Farriol. 

IAPP is the main peptide detected in pancreatic amyloid. Although factors involved in 
amylin deposition are unknown, the presence of highly sulphated proteoglycans in 
many forms of amyloid has suggested that they may play a role in amyloidogenesis. 
The lysosomal enzyme iduronate-2-suIfatase (IDS), involved in proteoglycans 
degradation, has been identified in human pancreatic islets. A defect in such enzyme, 
might result in an abnormal proteoglycan metabolism in human islets and this could 
contribute to amyloid formation. Aims: To investigate the expression and regulation 
of IDS in human and mice pancreatic islets. Material and Methods: IDS mRNA 
expression pattern was analysed by RT-PCR and PCR-in situ hybridization in human 
pancreatic tissue. Human and mice pancreatic islets were isolated and cultured for 24 
hours at 3, 11.1 and 24.4mM Glucose (G). Mice islets were also cultured for 24h in 
the presence of 24.4mM Mannose (MN), ll.lmM Mannoheptulose (MH), lmM 
Glyceraldehyde (GL) or 24.4mM 6-Deoxyglucose (6-DG). rDS and IAPP mRNA 
levels were quantified by real-time PCR. Results: PCR-In situ hibridization and RT- 
PCR experiments indicate that IDS is expressed in endocrine and exocrine cells. 
Human pancreatic islets cultured for 24h in the presence of 11.1 and 24.4mM G 
showed an increase in the IDS mRNA expression of 62% (p<0.001) and 38% 
(p=0.005) respectively in relation to the control (3mM G). We also observed a 17 fold 
(p<0.005) and 32 fold (p<0.01) increase in the IAPP mRNA expression at 11.1 and 
24.4mM G, using the same control conditions. Mice pancreatic islets cultured at 11.1 
and 24.4mM G, showed an increase in IDS mRNA expression of 38% and 120% 
respectively in relation to the control (3mM G). The addition of GL or 6-DG to the 
culture medium (at 3mM G) didn’t success any effect in the IDS mRNA expression. 
On the other hand, when we incorporated MN in the same medium, there was an 
increase in IDS mRNA levels of 75%. The addition of MH to the culture at 24.4mM 
G elicited a decrease of 98%. Conclusion: IDS is located in human pancreatic islets 
and its mRNA expression is regulated by signals derived from glucose metabolism. 
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Effects of insulin secretagogues on the viability of pancreatic B-cells 
I.Rustenbeck, A. Krautheim, A. JOms and H.J. Steinfelder. Institute of Clinical 
Biochemistry and Institute of Anatomy, Hannover Medical School, Germany. 
Institute of Pharmacology, University of Gottingen, Germany 

Background and Aims: The sulfonylurea tolbutamide and several imidazolines have 
recently been described to affect the viability of pancreatic B-cells and insulin- 
secreting cell lines by inducing apoptosis. It was checked whether the apparent 
toxicity was related to the mechanism of action of these secretagogues and whether 
the toxicity was specific for B-cells. Materials and Methods: Secretagogue-exposed 
isolated mouse islets were examined by electron microscopy. The viability of 
secretagogue-exposed HIT cells was checked by MTT-testing. DNA fragmentation 
and DEVD-caspase activity in these cells were determined to distinguish between 
apoptosis and necrosis. Results: In islets exposed for 18 hr to a maximally effective 
concentration (100 uM) of idazoxan, phentolamine, alinidine, quinine and tolbutamide 
(500 uM) there was an increased percentage of damaged B-cells but not other islet 
cell types. Depending on the secretagogue, 4 to 18% show'ed membrane ruptures and 
swelling of the mitochondria, whereas in control-incubated islets less than 2% were 
affected. To obtain a concentration-dependency of the secretagogue-associated 
toxicity HIT cells were exposed for 24 and 48 hr to 10, 100 and 1000 uM of the above 
compounds. High concentrations of idazoxan, phentolamine and quinine led to a 
virtually complete block of MTT conversion whereas alinidine and tolbutamide were 
only moderately toxic. The reduction of MTT conversion in HIT cells correlated with 
the number of damaged B-cells. Only idazoxan and phentolamine at 100 uM caused 
DNA fragmentation and increased caspase activity, indicating apoptotic cell death. 
Diazoxide (300 uM) and D600 (50 uM) were practically ineffective to reduce the 
number of damaged B-cells in secretagogue-exposed islets, to prevent the decrease in 
MTT conversion or to diminish DNA fragmentation in HIT cells. Conclusions: B- 
cells are particularly susceptible to the toxicity of the secretagogues at the tested 
concentration. The toxicity varies widely between the secretagogues and involves 
both apoptosis and necrosis. Depolarization and calcium influx are not essentia! steps 
in the secretagogue-associated B-cell damage, thus the toxicity is not intrinsic to the 
insulinotropic mechanism of action. 
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CELL SURFACE TRAFFICKING OF FAS IN PANCREATIC BETA-CELLS: 
DISSECTION OF FAS-EXPRESSION 

P. Augstein, C. Salzsieder, R. Kubemath, J. Bahr, P. Heinke, G. Wachlin* and E. 
Salzsieder. Institute of Diabetes'Gerhardt Katsch' Karlsburg e.V., Karlsburg; 
•Institute of Pathophysiology of the University of Greifswald, Germany 

Background and Aims: Fas has been detected in a variety of organs including the 
liver, kidney, intestine, lung and ovary but not in the pancreatic islets of normal 
subjects. However, Fas has been identified exclusively in infiltrated islets of patients 
with recent-onset of Type-1 diabetes and the induction of Fas by cytokines released 
from islet infiltrating cells was postulated. The aim of the study is to investigate the 
relation of surface and intracelluar Fas expression in beta cells exposed to cytokines. 
Materials and Methods: Transformed beta cells (NIT-1) were cultured with IL- 
Ib/IFN-g (100/1000 U/ml) for 6, 12, 24 and 48 h or kept untreated as controls (Co). 
Surface and intracellular Fas expression (% i SD) was analysed by flow-cytometry 
using the antibodies Jo2, AAP-221 and M-20 and confirmed by Western-blot 
analysis. 

Results: Surface Fas expression was induced after 6h culture (IL-lb/IFN-g: 11.8 ± 
4.2%; Co: 1.8 1 2.6 %). Brefeldin A, a protein-secretion inhibitor, completely 
abolished the induction Fas (IL-lb/IFN-g: 0.6 i 0.9 % ; Co: 0.6 ± 0.79%). After 12h 
NIT-1 cells show ed a constant level of surface Fas expression (12h: 13.1 l 3.8% vs. 
0.7 i 1.1%; 24h: 15.0 1 6.9% vs. 2.1 ± 2.2%; 48h: 15.3 ± 6.2% vs. 0.5 1 0.7%). 
Intracellular Fas expression was comparable between cytokine-treated NIT-cells and 
controls as detected by AAP-221 (IL-lb/IFN-g : 72.2 i 7.7%; Co: 80.2 i 7.5%) and 
M-20 (IL-lb/IFN-g: 78.61 9.7%; Co: 81.0 ± 11.0%). The independence of 
intracellular Fas expression from cytokine exposure w'as confirmed by Westem-blot. 
Conclusions: Beta cells of infiltrated islets seem to get sensitive to Fas-induced 
apoptosis by translocating the cysteine-rich domains to the cell surface. The results of 
the intracellular Fas staining indicate that parts of the transmembrane domain and/or 
intracellular death domain are expressed in beta cells independent of cytokine 
exposure. 
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SERUM SOLUBLE FAS AND FAS LIGAND PROFILES IN AUTOIMMUNE 
DIABETES 

J. Knezevic-Cuca, I. Misur, B. Rocic, A. Radica*, J. Pasini* and Z. Metelko. Vuk 
Vrhovac University Clinic, Zagreb, Croatia, University Hospital Center Zagreb*, 
Zagreb, Croatia 

Background and AimsBeta cell apoptosis has been associated with Type 1 diabetes onset. Fas 
and Fas ligand expression was detected in inflamed islets in pancreas sections of patients with 
recent-onset Type 1 diabetes mellitus.The aim of this study was to examine the balance 
between soluble Fas (sFas) and soluble Fas ligand (sFasL) and how that factors might reflect on 
ctiopathogcncsis of autoimmune diabetes. 

Materials and Methods: The study included 20 rcccnt-onsct (RO, age 7.2+/-3.4 yrs, duration 
0.4+/-0.2 mo), 20 long-standing Type 1 diabetic patients (LS; age 22.3+/-10.2 yrs, duration 
9.0+/-4.5 yrs), 21 first-degree relatives (FDR; age 15.9+/-12 yrs) double positive for two 
disease-associated auloantibodies (ICA and GAD) and 19 agc-matchcd healthy controls (HC). 
Circulating scrum levels of sFas and sFasL were measured using a sandwich ELISA. 

Results: In the LS group the level of sFas correlated with age (p<0.05) and with the duration of 
the disease (p<0.05). In the FDR group the level of sFasL inversely correlated only with age 
(p<0.0001), while no correlation was found regarding ICA or GAD antibody titres. No such 
correlation was found in the RO group.The groups were then compared using the Marui- 
Whitncy U tcsL The level of sFas in the RO group was higher than in the LS group of patients 
(12.5+/-3.9 vs. 11.0+/-4.8 U/ml, p=N.S.) but the difference was not significant. On the contrary 
the level of of sFasL was higher in the RO group compared to LS group of patients (0.85+/-0.1 
vs. 0.72+/-0.1 ng/ml, p<0.001). Both sFas and sFasL were higher in RO patients compared to 
FDR subjects (12.5+/-3.9 vs. 8.4+A4.3 U/ml, p<0.005; 0.85+/-0.I vs. 0.76+/-0.1 ng/ml, 
pO.Ol) and HC subjects (12.5+/-3.9 vs. 7.4+/-4.2 U/ml, p<X).005; 0.85+/-0.1 vs. 0.7+/-0.I 
ng/ml, p<0.005). When LS group was compared to FDR and HC groups only sFas was higher 
in patients (11.0+M.8 vs. 8.4+/-4.3 U/ml, p<0.05; 11.0+/—4.8 vs. 7.4+7-42 ng/ml, p<0.05). 
Finally, although both sFas and sFasL were higher in the FDR group of subjects at risk 
compared to HC group, the difircncc was not significant (8.4+M.3 vs. 7.4+/-4.2 U/ml, p=N.S.; 
0.76+/-0.I vs. 0.7+/-0.1 ng/ml, p=N.S ). 

ConcIusions:Both sFas and sFasL are significantly elevated at the onset of the disease 
confirming the role of this apoptosis system in ongoing target tissue damage. After onset of the 
disease the level of sFasL decreses while sFas level remains relatively high. However, the 
relationship of sFas and sFasL with antibody markers of active autoimmunity was not 
confirmed. 
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SURFACE EXPRESSION OF FAS AND ICAM-1 ON PANCREATIC ISLET 
BETA CELLS FROM DIABETES-PRONE BB RATS 

G. Wachlin, P. Augstein’, D. Schroder, B. Kuttler, I. Kloting and S. Schmidt, Insti¬ 
tute of Pathophysiology of the University of Greifswald, ’institute of Diabetes 
"Gerhardt Katsch" Karlsburg e.V., Karlsburg, Germany 

Background and Aims: Cytokines released by activated mononuclear cells sup¬ 
press p-cell function and exhibit direct toxic effects on pancreatic islets. The aim of 
our study was to investigate cytokine-induced alterations of pancreatic islets from 
diabetes-prone BB rats and possible involvement of Fas in this context. Materials 
and Methods: Islets preculturcd for 3d were exposed to IL-lp (10 U/ml) or IL-lp 
(10 U/ml)+IFN-y (500U/ml)+TNF-a (500 U/ml) for 24h or not (control islets). 
After cytokine treatment islets were used for functional tests. Surface antigen ex¬ 
pression was measured on single islet cells by FACS analysis using polyclonal 
antibody against Fas or monoclonal antibodies recognizing ICAM-1 (1A29) and 
P-cells (K14D10). Islet proteins were separated by SDS-PAGE followed by im- 
munoblotting. Results: EL-ip alone and in combination with IFN-y + TNF-a de¬ 
creased insulin content (p< 0.001) and insulin release to 20nunol/l glucose 
(p<0.001) compared to controls. Whereas no membrane alterations of IL-lp 
treated islet cells w ere detectable combination of all 3 cytokines caused damage of 
cell membranes as measured by spontaneous 5l Cr-reIcasc (40.58 ± 2.40% vs. 15.49 
± 2.75% of controls) accompanied by impaired mitochondrial membrane potential 
and increased percentage of hypodiploid nuclei. All 3 cytokines together signifi¬ 
cantly diminished number of p-cclls (87.4 i 2.6% vs. 95.6 i 0.7 % of controls) and 
increased ICAM-l + (p<0.001) and Fas* p-cclls (65.9 i 5.3 % vs. 33.8 i 4.6 % on 
IL-ip treated islets vs. 3.8 i 0.9 % on controls) as well as ICAM-1 (p<0.001) and 
Fas antigen density (10.72 i 0.54 logU vs. 8.77 1 0.82 log U on IL-lp treated islets 
vs. 3.09 1 0.88 logU on controls). In protein extracts of cultured islets Fas was 
similarly detectable by immunoblotting in both cytokine-treatcd islets as well as in 
controls and in freshly isolated islets too. Conclusions: Our results suggest the 
possibility that pancreatic p-cells are destroyed by apoptotic mechanisms through 
upregulation of the “death receptor” Fas and that simultaneous activity of proin- 
flammatory cytokines (IL-lp, TNF-a) as well as type 1 cytokines (IFN-y) enhance 
risk of Fas-mediatcd p-cell destruction. 
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INHIBITION OF CYTOKINE-INDUCED FAS-EXPRESSION BY THE NO¬ 
SYNTHASE INHIBITOR AMINOGUAMDIN 

B. Kuttler 1 \ H. Wanka 1 * and O. Morgenstem 2> : institute of Pathophysiology, 
2> Institute of Pharmaceutical Chemistry, University of Greifswald, Germany, 
Background and Aims: Aminoguanidin (AG) is well known as a potent inhibitor of 
the inducible NO-synthase which was shown by inhibition of cytokine-induced NO- 
production by pancreatic islets and B-cell lines. Other NO-synthase inhibitors prevent 
cytokine-induced DNA cleavage and consequently apoptosis, which was con-elated 
with NO production. We investigated whether AG is able to prevent cytokine- 
induced Fas-expression of the 13-cell line RIN5AH. Material and Methods: RIN-cells 
(I0 6 /mI RPMI 1640, 10% FCS) were cultured as follows: (1) in medium alone 
(control), (2) addition of IL-lp (0.05 to 1.0 ng/ml) and IFN-y (100 IU/ml), (3) 
addition of AG (5 mmol/I) and (4) addition of IL-ip, IFN-y and AG. After 48h NO- 
production was determined in the supernatant (Griess reaction, ELISA). The cells 
were harvested using trypsin and labelled for flow cytometry (FACS Calibur, BD) 
with the following monoclonal antibodies: OX18-PE (MHC I), 1A29-PE (ICAM-i), 
K14D10-FITC (B-cells) and anti-Fas (APO-I/CD95, detection with anti-rabbit-IgG- 
PE). Results: NO-production of control cells amounts to 0.510.2 nmol/10 6 cells 
(n=9) which is not influenced by AG alone (0.210.1 nmol/10 6 cells). NO is 
significantly induced by IL-ip/IFN-y and is dependent on IL-ip concentration 
(119.3131.3 nmol/10 6 cells at 0.05 ng/ml IL-ip to 357.2140.3 nmol/10 6 cells at 1.0 
ng/ml IL-lp, p<0.001). AG inhibited NO-production completely (3.910.7 nmol/10 6 
cells, pcO.OOl). More than 96% of the control cells are positive for K14D10, 
98.6±0.3% express MHC I and 77.6±2.3% express ICAM-1. Fas was measured on 
18.912.5% (n=16) of control cells. IL-ip/IFN-y reduced the proportion of 
K14D10 + cells to 80%, enhanced lA29*cells to 89.611.7% (p<0.001) and increased 
Fas-expression to 56.7±3.6% (n=15, 1.0 ng/ml IL-ip, p<0.001). Increase of Fas- 
expression was dependent on IL-ip concentration (0.1 ng/ml: 37.016.0%; 0.05 
ng/ml: 18.712.9%). AG inhibited the cytokine-triggered reduction of K14D10 + cells 
and reduced Fas-expression to control values at all IL-lp concentrations 
(22.211.8%). Conclusions: Prevention of cytokine-induced NO-production by AG is 
accompanied by an inhibition of cytokine-induced Fas-expression and suggests a 
possible role of AG in the prevention of NO-mediated apoptosis. 
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Evidence for a role of PKC delta in lipoapoptosis of beta-cells 
K. EiteI,A. Sobke, A. Hennige, H.U. Hiring and M. Kellerer 

University of Tuebingen, Department of Metabolism and Endocrinology, Otfried- 
Miiller-Str. 10 72076 Tuebingen 

Background and Aims: Chronic incubation of isolated beta-cells of islets with FFAs 
impairs insulin secretion and induces apoptosis. The molecular mechanisms for these 
so called lipotoxic effects are poorly understood. Recent studies have shown that 
protein kinase C (PKC)-delta is activated during apoptosis. Since the PKC-delta 
represents the predominant PKC isoform being expressed in beta-cells w-e have 
studied whether this PKC is involved in lipapoptosis of beta-cells. 

Materials and Methods: The rat insulinoma cell line RIN1046-38 and primary beta- 
cells isolated from pancreas of mice were incubated with the unsaturated FFA 
palmitate. Intracellular distribution of PKC-delta was detected with an isoform 
specific antibody by confoca! laser microscopy. Apoptosis was tested by DNA 
fragmentation assay. 

Results: Palmitate (0.5 to l mM, 15 min.) induced a rapid translocation of PKC-delta 
from the cytosolic pool to the nuclear membrane both, in primary beta-cells as well as 
RIN1046-38 cells. Furthermore chronic incubation of RIN 1046-38 cells with 
palmitate (>12 hours at 0.5 to 1 mM) resulted in a significant increase in apoptosis 
measured by DNA fragmentation which was 1.89 % in the basal condition and 7,2 % 
after palmitate incubation (n=3, % of total DNA). Coincubation of RIN1046-38 cells 
with rottlerin which specifically inhibits PKC-delta at the concentration we have used 
(5 pM) prevented palmitate induced apoptosis. 

Conclusion: These data suggest a role of PKC-delta for palmitate induced beta-cell 
apoptosis. This mechanism may potentially be relevant for reduced beta-cell mass in 
obese Type 2 diabetic patients as well. 
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Inducible expression of BcI-2 using the Ru 486-reguIated adenovirus vector 
system: effects on beta-cell viability and mitochondrial membrane potential 
A. Barbu and N. Welsh. Dept of Medical Cell Biology, Uppsala University, Uppsala, 
Sweden. 

Background and Aims: The beta-cells in the pancreatic islets of Langerhans arc the targets of 
selective and progressive destruction in type 1 diabetes and beta-cell death is induced, at least 
partially, via apoptosis. Bcl-2 can inhibit apoptosis in pancreatic beta-cells suggesting its 
potential as a tool for gene therapy. Previous studies have shown that the protective effect of 
Bcl-2 may be correlated with preservation of mitochondrial membrane potential. 
Protonophores, such as carbonyl cyanide p-trifluoromethoxylhydrazonc (FCCP), collapse the 
proton gradient across the mitochondrial inner membrane, resulting in the complete abolition of 
the mitochondrial membrane potential. The aim of this study was to obtain an efficient and 
inducible transduction system for expression of the antiapoptotic Bcl-2 gene in insulin 
producing cells as a potential tool for protecting against pancreatic beta-cell death in type 1 
diabetes. 

Materials and Methods: In this study we genetically engineered insulin producing cells with 
Bcl-2 gene using an adenovirus vector system based on the RU 486-rcgulatad progesterone 
antagonist Isolated pancreatic rat islet cells or rat insulinoma (RINm5F) cells were incubated 
with a mixture of pAdG5Bd-2 adenovirus, expressing the Bcl-2 gene and pAdCMVProg helper 
virus at different viral concentrations (MOD and different Ru 486 inducer concentrations. Bcl-2 
overexpression was assessed by Western blot assay and the transfection efficiency was 
determined by FACS analysis. Bcl-2-exprcssing pancreatic beta-cells were treated with 5mM 
FCCP for 24 h and the viability of the cells w as assessed using the colorimetric assay (XTT 
based) for cell viability. The mitochondrial membrane potential was assessed by using the 
lipophilic cationic membrane potential-sensitive dye JC-1. 

Results Beta-cells from dispersed pancreatic islets were transfected with an efficiency of more 
than 60% (at 30 MOI). The Bcl-2 protein expression levels could be adjusted by varying the 
amount of RU486 inducer reaching at most a 100-fold induction in RINm5F cells. Both JC-I- 
FACS analysis and XTT assays showed a significantly increased viability of Bcl-2-expressing 
beta-cells, which though, did not prevent mitochondrial membrane potential collapse following 
addition of FCCP 

Conclusions: The system permits an efficient and light control of Bcl-2 gene expression in 
insulin producing cells, allowing further optimisations to an increased protection against beta- 
cell death in type I diabetes. 
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Overeipressioa of Na/Ca exchanger increases apoptosis by inducing 
endoplasmic reticulum stress and activation of caspase-12 in insulin secretion 
cells. 

O. Diaz-Horta*§, F. Van Eylen*, A. Herchuelz* 

* Laboratory of Pharmacology, Free University of Brussels, Belgium. 

§ National Institute of Endocrinology, Havana, Cuba. 

Background and Aims: In the pancreatic B-cell, Ca2+ regulates a large number of 
cellular processes, its concentration being in turn finely regulated by various channels, 
pumps and exchangers. In the B-cell, Ca2+ has also been implicated in triggering 
programmed cell death (apoptosis) and regulating death-specific enzymes. Therefore, 
the development of strategies to control Ca2+ homeostasis may represent a potential 
approach to prevent or enhance B-cell apoptosis. In the present study, we examined 
the effect of Na/Ca exchanger (isoform NCX1.7) overexpression on apoptosis in 
insulin-secreting cells (BRIN BD11 cells). 

Materials and Methods: Rates of apoptosis were determined using the MTT assay, 
nuclear chromatin staining, quantification of DNA fragmentation and gel 
electrophoresis of low molecular weight DNA. Cytosolic and endoplasmic reticulum 
(ER) Ca2-+ concentrations were measured using fura-2 and furaptra, respectively. 
Results: NCX1.7 overexpression significantly increased apoptosis in cells exposed 
(48h) to ER Ca2+-ATPase inhibitors, thapsigargin (2 jiM) and cyclop iazonic acid (25 
pM, P<0.001). No evidence of apoptosis was found after exposure to high 
concentrations of glucose (22.2 mM) or glibenclamide (lOpM). NCX1.7 
overexpression reduced the rise in cytosolic Ca2+ concentration induced by all agents 
and depleted ER Ca2+ stores. This depletion was attended by the activation of the 
ER-specific caspase (caspase 12), even in the absence of proapototic stimuli. 
Thapsigargin and ionomycin increased caspase 12 activation but to a larger extent in 
overexpressing than in control cells. Overexpression of NCX1.7 also sensitised the 
cells to Ca2+ -independent proapototic signaling pathways, such as that mediated by 
nicotinamide (50 mM). 

Conclusions: We show that Na/Ca exchanger overexpression, by depleting ER Ca2+ 
stores, induces ER stress with resulting activation of caspase 12, and increase in 
apoptotic cell death by Ca2+-dependent and independent pathways. 
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Differential effects of genistein on NaF-induced apoptosis in primary islet cells vs 
RINm5F cells 

N.G. Morgan, J. Elliott, J.H.B. Scarpello. School of Life Sciences, Keele University, 
Staffs, ST5 5BG, UK. 

Background and Aims: Previous studies have revealed that both normal pancreatic islets and 
clonal RINm5F-celIs can be induced to undergo apoptosis upon incubation with NaF and that 
this response is enhanced in cells treated w ith pertussis toxin. On this basis, it has been assumed 
that RJNm5F cells represent a suitable model for study of the signalling mechanisms involved 
in the regulation of islet apoptosis by G-protein dependent pathways. In the present work, we 
have investigated this proposition further and show that the response of pertussis toxin-treated 
human and rat islets differs markedly from that of RINm5F cells, when the effects of the 
tyrosine kinase inhibitor, genistein, are studied. 

Materials and Methods: Annexin-V was combined with carboxyfluorescein staining and 
fluorescence microscopy to identify viable, necrotic and apoptotic cells in isolated human and 
rat islets and in populations of cultured RINmSF cells. 

Results: Treatment of either normal islets or RJNm5F cells with 5mM NaF resulted in a 
marked increase in apoptotic cells (from 0.5+/-0.1% to 21+/-2% in rat islets; 3+/-0.5% to 11+/- 
1% in human islets and 1+/-0.1% to 12+/-2% in RINm5F cells; p<0.001 in each case). Addition 
of IOOuM genistein alone, also increased apoptosis in each preparation (rat islets: 23 +/-3%; 
human islets: 17+/-2%; RINmSF cells: 7+/-2%; p<0.001). However, the combination of 
genistein and NaF dramatically reduced the overall extent of apoptosis in RINm5F cells (to 
control levels; p<0.001) while it provoked a further increase in apoptosis in rat (to 32+/-3%; 
p<0.01) and human (to 22+/-2%; p<0.01) islets. This difference could not be accounted for by 
any corresponding alteration in the numbers of necrotic cells in the various preparations, 
suggesting that the response of normal islets to genistein is quite different from that seen m 
RJNm5F cells. In support of this, w hereas the ability of pertussis toxin to cause an enhancement 
of NaF-induced apoptosis was antagonised by genistein in RJNm5F cells (from 26+/-3% to 6+/- 
1%; pO.OOl) it was further increased in primary islets (from J4+/-2% to 22+/-4%; p<0.01). 

ConcIusions:Thcse results indicate that there are marked differences in the apoptotic responses 
of RINmSF cells to stimuli controlling G-protcin-dependcnt mechanisms, by comparison with 
normal rat and human islets. They suggest that caution should be exercised when extrapolating 
conclusions about the regulation of apoptosis in cultured bcta-celi lines to primary islet cells. 
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APOPTOSIS AND IL-1BETA mRNA EXPRESSION IN SYNGENEIC RAT 
ISLET GRAFTS 

M Biames, M. Mont olio, N.Tellez, J.SoIer and E.Montanya. Laboratory of Diabetes 
and Endocrine Unit. CSUB-H.BeIIvitge. Barcelona. 

Background: transplanted islets are particularly vulnerable in the first days after 
transplantation (Tx) and it is essential to know and identify the mechanisms of beta 
cell destruction and protection. 

Aims: to determine in syngeneic rat islet Tx whether: 1) beta cell apoptosis is 
increased in the first days after Tx, 2) cytokine genes are expressed in islet grafts, 3) 
insulin treatment has a beneficial effect in the outcome of the graft. Material and 

Methods: two groups of streptozotocin diabetic Lewis rats were Tx with 500 
syngeneic islets, an insufficient beta cell mass to achieve normoglycaemia. One group 
was treated with insulin from day 7 before Tx to day 14 after Tx, and the other group 
was not treated with insulin. Grafts were harvested 1,3 and 7 days after Tx. Apoptosis 
w-as determined by TUNEL technique and expressed as percentage of positive beta 
cells. The proinflammatory cytokine IL-lbeta mRNA expression w’as mesured by 
semi-quantitative RT-PCR and indexed to a housekeeping gene (cyclophilin) 
expression. 

Results: in insulin-treated group, when insulin was discontinued rats remained 
normoglycaemic despite the Tx of an insufficient beta cell mass. As expected, the 
non-insulin treated group remained hyperglycaemic throughout the study. Beta cell 
apoptosis was increased on day three after Tx (0.34 ± 0.11%) compared to apoptosis 
in pancreas of control animals (0.05 ± 0.02%). The expression of proinflammatory IL- 
lbeta cytokine transcripts was increased in islet grafts on day 1 and 3 after Tx. 

Conclusions: beta cell apoptosis was increased in the first days after syngeneic rat 
islet Tx. The expression of IL-lbeta in these syngeneic islet grafts initially after Tx 
suggests that proinflammatory citokines may play a role in beta cell apoptosis. 
Normoglycaemia improved the prognosis of islet Tx in rats; we are currently studying 
whether there are any differences in the expression of cytokines between 
hyperglycaemic and normoglycaemic recipients. 
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Nitric Oxide and Free Radicals 
in Beta-Cell Destruction 

550 

INTERLEUKIN-1 p DECREASES THE RESISTANCE OF RAT p-CELLS TO 
DIFFERENT AGENTS. 

V. Goranov, T. Mokhort and S. Melnov. 

Research Institute of Radiation Medicine and Endocrinology, Minsk.Belarus. 

The cytokine, interleukin-Ip (IL-lp) has been implicated to play an important 
role in the p-cell damage of type 1 diabetes. Recent work has highlighted the 
importance of Fas expression is increased on P-cells, in response to IL-ip treatment. 
Here, we report that IL-1 alone induces apoptosis in rat islets and we confirm, that 
IL-1 further sensitises rat P-cell to the induction of apoptosis by a Fas-dependent 
mechanism in case of subsequent influence of streptozotocin or IL-1, but not alloxan. 

Isolated rat pancreatic islets were precultured for 6d and than exposed to IL-1 P 
(10 U/ml) for 18h or remained untreated (control). Every other day (by 6 th d) after 
cytokine treatment, cell viability was measured in colorimetry tests w ith neutral red. 
CD95 antigen was measured by FACS analysis on prepared with EDTA single islet 
cells. On the fourth day after the moment of cytokine treatment both experimental 
groups of pancreatic islet cells were again treated by IL-lp (lOU/ml) for 18h, as well 
as by streptozotocin (0,1 mM) or alloxan (1,0 mM) for 0,5h. Part of the cells in these 
experimental groups was left without repeated influence. The CD95 antigen 
expression was observed in 17±2,1% for interleukin treating cells, but in four days 
its content was 5±0,1%. The repeated addition of IL-lp or its combination with 
streptozotocin caused a reduction of p-cell number (p<0,05) (23±4,1% vs intact 
cells culture and 40±6,3% vs once treated with interleukine cells culture). CD95 
antigen expression increased to 56+8% in these P-cells. Similar changes were 
observed w hen streptozotocin w as used on the fourth day after initial influence of IL- 
lp. But only 20±2% cells expressed CD95 antigen in this case. The same regime 
incubation with alloxan didn’t demonstrate reliable difference of CD95 antigen 
expression vs control. But in this case observed reduction of p-cells number 
26±5,6% vs once treated with interleukine cells culture. It is possible to conclude 
that interleukin-lp is not only cytotoxic for p-cells, but make them more sensitive to 
cytotoxic agents such as streptozotocin, alloxan and also interleukin-1 P itself. This 
cytokine-induced decrease of of p-cell stability is associated with changes in CD95 
antigen expression. But in case of alloxan It was realized by quite different 
mechanisms of p-cells destruction. 
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HUMAN BETA CELLS ARE HIGHLY RESISTANT TO STREPTOZOTOCLN 
IN VIVO. 

J.R. Wright, Jr. and H. Yang, Pathology, IWK Health Centre, Halifax, Canada 

Background and Aims: Su-cptozotocin (STZ) is the prototype for beta cell death via DNA 
damage precipitating poly-ADP-ribose synthetase activation followed by lethal NAD depletion, 
a mechanism well-documented in rodents. It is unclear whether human islets are susceptible to 
this type of damage. For obvious reasons, no one has ever performed a dose response study on 
humans. Our aim is to study human islets in vivo. 

Materials and Methods: Islets were isolated from CD1 mice and Lewis rats (both sensitive to 
STZ), tilapia fish (highly resistant), and from man (supplied by JDFI Human Islet Distribution 
program) and were transplanted under the renal capsules of STZ-diabctic (non-fasting blood 
glucose > 400 mg/dl x 1 week) athymic nude mice. Islet recipients were then followed for 30 
days (blood glucose measurements 3x/wcck). Recipients that were uniformly normoglycemic 
(blood glucose < 200 mg'dl) and had normal glucose tolerance tests (GTTs) on day 30 were 
randomly assigned into treatment groups. We then injected the groups of recipient mice with 
increasing intravenous (TV) doses of STZ, followed their blood glucose levels for one week, 
and repeated the GTTs on any mice that were not overtly' diabetic. Next, the mice w ere killed 
and graft-bearing kidneys and native pancreata processed for histology (including insulin 
stains). 

Results: Based upon 3 criteria (i.e., blood glucose levels, GTTs, and islet histology), the 
following observ ations were made: (1) Recipients of rat islets were uniformly resistant to 25 
mg/kg STZ (n=3) (i.e., by all 3 criteria) but were uniformly diabetic at doses of either 50 (n=-3) 
or 75 (n=3) mg/kg IV. (2) Recipients of CD1 mouse islets w ere resistant to 75 mg/kg (n=3) but 
were uniformly diabetic with doses of either 150 (n=3) or 200 (n=2) mg/kg IV. (3) Recipients 
of the tilapia islets were uniformly resistant to doses of 300 (n=3) and 400 (n=3) mg/kg STZ; 
however, at a dose of 450 mg/kg IV (n=4), 2 mice were non-diabetic, 1 had an abnormal GTT, 
and 1 died while normoglycemic. (4) Recipients of human islets w ere resistant to 100 (n=l), 
200 (n=l), 300 (n=2), 400 (n=3), and 450 (n-1) mg/kg IV. Doses higher than 450 mg/kg IV 
were not tested because of the finite solubility of STZ in citrate buffer and the desire to avoid 
marked hemodilution by injecting excessive volume. 

Conclusions: The results of STZ dose-response profiles in recipient nude mice bearing long¬ 
term Lewis rat, CD1 mouse, or tilapia islets were the same as results of published dose- 
response data for each donor species. Therefore, we extrapolate that our results based on human 
islet grafts in murine recipients closely reflects STZ sensitivity in man. We conclude that 
human islets are highly resistant to STZ in vivo. 
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QUANTIFICATION OF THE CONTRIBUTION OF FEROXYNITRITE TO 
MIXED RADICAL- AND NITRIC OXIDE-MEDIATED BETA CELL DEATH 
B.S. Hosker, R.F. Bilton, G.M. Lowe and A.C. Loweth, Liverpool John Moores 
University, Merseyside, UK 

Background and Aims: The mixed radical donor, SIN-1, and the pure nitric oxide (NO) donor, 
S-nitrosoglutathione (SNOG) are widely used to investigate the role of reactive species in beta 
cell cytotoxicity. However, the relative contribution of the reactive species generated by these 
compounds is little understood. We have quantified the levels of peroxynitrite (PN) generated 
by the radical donors using DCDHF oxidation and have used the specific PN scavenger, 
FeTPPS, to investigate the contribution of PN to SIN-1 and SNOG-mcdiated cytotoxicity. 
Materials and Methods: RJNm5F cells were treated for 24 hours with 500uM SIN-1 (or 
500uM SNOG) with and without 20uM or 40uM FeTPPS. The effects on cell viability were 
assessed by Trypan blue exclusion cell counts on detached cells and by acridine orange staining 
and fluorescence microscopy. Formation of DCDHFs oxidation product, DHF, was measured 
by spectrophotomctric analysis at 500nm. 

Results: 20uM and 40uM FeTPPS completely abolished the cytotoxic effects of 500uM SIN-I 
(Mean dead cells/ml +/-SEM (n=8): Control: 6906 +/-425; +500uM SIN-1: 25500 +/- 1025*; 
+500uM SIN-I+20uM FeTPPS: 7813 +/- 427**; + 500uM SIN-1+ 40uM FeTPPS: 6563 +/- 
319**. * pO.OOI vs. control; ♦* p<0.001 vs. 500uM SIN-1). 20uM and 40uM FeTPPS also 
significantly reduced the cytotoxic effect of SNOG, although to a much lesser extent than that 
seen with SIN-1 (Mean dead cclls/ml +/- SEM (n=8): 

Control: 8219 +/- 238; +500uM SNOG: 24938 +/- 1326*;+500uM SNOG + 20uM FeTPPS: 
20000 +/-1502**; +500uM SNOG + 40uM FeTPPS: 18188 +/- 1250**. *p<0.001 vs. control; 
**p<0.01 vs. 500uM SNOG). The mixed radical donor, SIN-1 was found to generate large 
amounts of PN in total (in excess of 25uM generated from lOOuM SIN-1 in 2hour 30 min). 
More surprisingly, the pure NO donor, SNOG also led to significant amounts of PN being 
formed, although over a slower time course (20uM from lOOuM SNOG in 7 hours). 
Conclusions: The relative difference in the effects of PN-scavenging by FeTPPS on SIN-I- and 
SNOG-mcdialed cytotoxicity could therefore reflect differences in their dynamics of PN 
generation or, equally, the relative contribution of NO and PN in mediating cell death. These 
results demonstrate the potential of DCDHF and FeTPPS as tools in dissecting the roles of 
specific reactive species in beta cell death. 
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REDUCED INDUCTION OF PROSTAGLANDIN E 2 FROM CYTOKINE 
TREATED P-CELLS DEFICIENT IN INDUCIBLE NITRIC OXIDE SYNTHASE 
A K. Andersson and S. Sandler, Department of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden 

Background and Aims: In rodent islets, exposure to proinflammatory cytokines 
including interleukin-lp (IL-P) and uiterferon-y (EFN-y) induces expression of 
inducible nitric oxide synthase (iNOS) and subsequent nitric oxide (NO) formation. 
NO may suppress islet function, and the use of iNOS inhibitors or a deletion of the 
iNOS gene has been shown to be protective both in vitro and in animal models of 
type 1 diabetes. However, we and others have shown that cytokines may induce NO- 
independent suppression of islet function. In parallel to iNOS induction and NO 
formation, IL-ip induces cyclooxygenase-2 (COX-2) expression and prostaglandin 
E 2 (PGE 2 ) formation. PGE 2 is suggested to impair glucose stimulated insulin release. 
COX-2 expression is activated by similar signalling pathways as iNOS, and NO may 
affect COX-2 activity. The aim of the present study was to examine if iNOS 
deficiency affects the PGE 2 formation from cytokine treated mouse islets. Materials 
and Methods: Islets isolated from iNOS-/- and wild-type (wt) mice were cultured 
for 6-7 days and then exposed to IL-lp (25 U/ml) or a combination of IL-lp (25 
U/ml) and IFN-y (1000 U/ml) for 48 h. PGE 2 content in culture medium was 
measured by E1A, and NO formation was quantified using the Griess reagent 
Results: IL-ip alone induced a significant increase in NO formation from wt islets, 
which was potentiated by IFN-y. Cytokine exposure to iNOS -/- islets did not induce 
NO formation- In parallel to NO formation, DL-1(J and DL-ip+IFN-y induced a 
significant increase in PGE 2 formation from wt islets. In iNOS -/- islets, IL-ip and 
IL-lp+IFN-y induced PGE 2 formation, although this increase was about 80% lower 
compared to wt islets. Wt islets: control 0.17±0.13; IL-lp 0.89+0.28*; IL-ip+IFN- 
y 1.2±0.49* ng PGE/lOO islets * 48 h, n=5, iNOS -/- islets: control 0.04+0.03; IL-ip 
0.19+0.05*; IL-1 J3+IFN-y 0.20+0.04* ng PGE 2 /100 islets • 48 h, n=5. *=p<0.05 vs. 
control (within the same strain), using ANOVA. Conclusions: We conclude that in 
iNOS deficient mouse islets, LL-lp or IL-ip + IFN-y have a reduced ability to induce 
PGE 2 formation. 
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EFFICACY OF 1400W, A NOVEL INHIBITOR OF INDUCIBLE NITRIC OXIDE 
SYNTHASE, IN PREVENTING RODENT PANCREATIC ISLET DAMAGE 

T. Rydgren and S. Sandler. Department of Medical Cell Biology, Uppsala 
University, Uppsala, Sweden. 

Background and Alms: Nitric oxide (NO), produced by the enzyme inducible nitric 
oxide synthase (iNOS), has been implicated as a mediator of destruction of p-cells in 
type ] diabetes. In vivo studies suggest that inhibition of NO formation might protect 
against diabetes in animal models. However, inhibitors tested so far have not shown 
a desired selectivity against iNOS. Our aim is to test if 1400W (N-(3- 
(Aminomethyl)benzyl)acetamidme), a new and selective inhibitor of iNOS can 
prevent interleukin-ip (IL-ip) induced suppression of pancreatic islet function in 
vitro and multiple low-dose streptozotocin (MLDS) induced diabetes in vivo. 
Materials and Methods: We exposed precultured rat pancreatic islets for 48 h to 
medium with or without 1,10 and 50 pM 1400W and in the presence or absence of 
25 U/ml IL-ip. We did two in vivo experiments in which male C57BL/Ks mice 
received five daily i.p. injections with streptozotocin (STZ) while the inhibitor were 
given i.p. for ten consecutive days (8.34 mg/kg body weight, once a day, in the first 
experiment and 20 mg/kg body weight, twice a day, in the second). Statistical 
analysis was done by ANOVA and data presented as means + SEM. Results: The 
inhibitor alone did not affect any of the islet functions analysed in vitro. However, at 
50 pM, it fully counteracted both the suppression of glucose oxidation rate (control 
437 + 30, IL-lp 252 + 47*, IL-lp + 1400W 441 +23# (pmol/10 islets * 90 min.), 
n=4, *—p<0.01 vs. control and #=p<0.01 vs. IL-IP) and the increase in NO 
production (control 5.2 + 3.1, IL-ip 10.7 + 6.4*, IL-ip + 1400W 6.0 + 2.9#o 
(pmol/10 islets * h), n=5, *=p<0.001 vs. control and #=p<0.001 vs. IL-lp) caused by 
IL-ip. The marked decrease, seen with IL-lp, in glucose stimulated insulin release 
w'as also counteracted by the addition of 1400W (50 pM). In this case from ~-14 % of 
the control value to ~54 % (control 30.0 + 2.4, IL-ip 4.18 + 1.2*, IL-ip + 1400W 
16.3 + 3.0# (ng/10 islets * h), n=5, *=p<0.001 vs. control, #=p<0.01 vs. control and 
c=p<0.05 vs. IL-ip). Mice treated in vivo with STZ gradually developed 
hyperglycaemia and none of the concentrations of 1400W used was able to prevent 
this. Conclusion: 1400W could counteract the IL-ip induced suppression of rat 
pancreatic islets in vitro, but failed to protect against MLDS induced diabetes in vivo , 
at least w ith the administration protocols used here in. The latter failure may be due 
to a too short duration of 1400W in vivo. 
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Inhibition of nitric oxide synthase prevents Ca2+-dependent apoptosis of 
pancreatic beta-ceUs in the calmodulin-overexpressing transgenic mice. 

I. Niki, W. Yu, T. Niwa, F. Horio, S. Teradaira, T. J. Ribar, A R. Means and T. 
Senda. Nagoya University Graduate School of Medicine and Graduate School of 
Bioagricultural Sciences, Nagoya University, Nagoya, Japan, Duke University 
Medical Center, Durham, U S A and Fujita Health University School of Medicine, 
Toyoake, Japan. 

Background and Aims: Beta cell-specific overexpression of calmodulin in 
transgenic mice results in a sudden-onset of hyperglycemia associated with rapid 
disappearance of beta cells. We investigated the mechanisms underlying the beta cell 
loss. 

Materials and Methods: Pancreata from nontransgenic or transgenic mice were 
examined by light and electron microscopic approaches. Beta cell apoptosis w'as 
detected by either the modified terminal deoxynucleotidyl transferase mediated 
deoxyuridine triphosphate nick-end labelling (TUNEL) method or electron 
microscopy. 

Results: Ultrastructural analysis of pancieata from the transgenic mice demonstrated 
decreased size of beta-cells coupled and number of the insulin granules. Transgenic 
beta cells appeared apoptotic but without necrotic changes of the cells or infiltration 
of lymphocytes. Injection of tolbutamide into the transgenic mice increased the 
number of TUNEL-positive beta cells. Hyperglycemia in the transgenic mice was 
prevented by injection of the nitric oxide-synthase (NOS) inhibitor, Nw-nitro-L- 
arginine methyl ester (L-NAME) and beta cell size and granule number were retained. 
Immunofluorescent staining demonstrated preferential distribution of neural nitric 
oxide synthase (nNOS) in pancreatic beta cells. 

Conclusions: These results suggest Ca2+/calmodulin-dependent NO-production by 
nNOS may be involved in the generation of apoptosis in beta-cells of calmodulin¬ 
overexpressing transgenic mice. 
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2(S)-amino-6-boronohexanoic acid, an arginase inhibitor, increases cytokine- 
induced nitric oxide generation in rat islets of Langerhans. 

P. Stickings, J-L. Boucher* and J. M. Cunningham. School of Pharmacy, University 
of Brighton, UK. *Laboratoire de Chimie et Biochimie Pharmacologiques et 
Toxicologiques, Universite Paris V, France. 

Background and Aims: Arginine-derived nitric oxide (NO) produced in response to pro- 
inflammatory cytokines is thought to play an important role in beta cell destruction. We have 
shown previously that islets express high levels of both isoforms of the arginine-utilising 
arginases. While it is possible that NO generation can be restricted by a high rate of flux of 
arginine through arginase, there is no previous evidence from islet studies to support this 
notion. Our aim was to assess the effect of the specific arginase inhibitor 2(S)-amino-6- 
boronohcxanoic acid (ABH) on r3t islet arginase activity and to investigate the effect of 
arginase inhibition on the rate of cytokine-induced NO generation in islets. 

Materials and Methods: Cytosolic extracts were prepared from freshly isolated adult male 
Wistar islets. Arginase activity in supernatants was measured by the conversion of 14C- 
gnanidino-arginine to 14C02. For NO generation studies, islets were cultured in RPMI 1640 
containing 1.1 mM arginine for 48h followed by 24h treatment with 20U/ml r.human IL-lbcta 
in medium containing l.lmM, 0.1 mM or O.OlmM arginine. Nitrite in the culture medium was 
measured using the Greiss assay. 

Results: Addition of 50uM ABH to islet extracts significantly reduced arginase activity: control 
96.S +/-12.4 mU/mg protein, + ABH 27.4 +/- 2.7 mU/mg (mean +/- SEM, n=3, P<0.006). In 
culture experiments, ABH significantly increased cytokine-induced NO generation by islets 
cultured in medium containing O.OlmM arginine (IL-I alone 37.7 +/- 9.5 pmol/ug protein, IL-1 
+ ABH 64.6 +/- 9.2 pmol/ug, n=5, p<0.01). Culture of islets in medium containing 0.1 mM 
arginine enhanced cytokine-induced nitrite generation and this was also significantly increased 
by treatment with ABH (IL-1 alone 63.6 +/- 7.5 pmol/ug protein, IL-1 + ABH 79.6 +/- 4.8 
pmol/ug, n=*5, p<0.03). At l.lmM arginine, ABH did not significantly affect cytokine-induced 
nitrite generation (IL-1 alone 69.8 +/- 6.5 pmol/ug protein, IL-1 + ABH 84.5 +/- 12.7 pmol/ug, 
n=3). 

Conclusions: These results are consistent with an increased activity of islet nitric oxide 
synthase due to an increased availability of a rate-limiting substrate following inhibition of 
arginase by ABH. This effect was dependent on the concentration of arginine in the culture 
medium. Genetic, physiological and pharmacological factors that affect islet arginase activity 
may therefore be of importance to the control of NO generation and subsequent beta cell 
damage during insulitis. 



A146 


556 

CATALASE AND SUPEROXIDE DISMUTASE ACTIVITIES IN DIABETES- 
PRONE BB/S RAT ISLETS 

L.A.J. Sigfrid, L.A.H.Borg, J.M.Cunningham, I.C.Green and AJ.Bone, University of 
Brighton, East Sussex, UK and University of Uppsala, Uppsala, Sweden 

Background and Aims: It has been proposed that low activity of antioxidant 
enzymes, including superoxide dismutase and catalase in pancreatic beta cells may 
increase susceptibility to autoimmune driven free-radical damage. Previous 
measurements of islet superoxide dismutase are inconsistent and catalase has not been 
estimated in an animal model of autoimmune diabetes. Our aim was to compare 
antioxidant enzyme activities in islets from pre-diabetic diabetes-prone BB (BB DP), 
diabetes resistant (BB DR) and Wistar control rats. 

Materials and Methods: The BB/S colony of rats consists of diabetes prone (BB DP, 
incidence 80%, onset 70-90d) and diabetes resistant (BB DR, diabetes-free> 17 
generations). Sonicated extracts were made from freshly isolated islets for 
determination of activities of catalase, by conversion of methanol and hydrogen 
peroxide into water and formaldehyde (540nm), and superoxide dismutase measured 
by its inhibition of the chemiluminescence of luminol. Data are expressed as mean +/- 
SEM, statistical comparison by Student's t-test. 

Results: Freshly isolated islets from 52d old BB DP rats had lower superoxide 
dismutase activity compared to age-matched BB DR rats (1.1+/-0.26 vs 4.48+/-1.1) 
mU/ug protein, P<0.05, n=7-8. 

Islets from 55d old BB DP rats had significantly lower catalase activity than islets 
from age-matched Wistar rats (0.10+/-0.02 vs 0.31+/-0.04) pkat/ug protein in extract, 
P<0.01, n=4-6. There was no difference in percentage insulin secretion between the 
groups, however BB DP islets contained and secreted less insulin than Wistar islets. 
Treatment of normal cultured Wistar islets and RINm5F cells with cytokines (IL-l, 
IFN-g, TNF-a) or nitric oxide both decreased catalase activity to 70% and 50% of that 
in untreated islets and cells. 

Conclusions: Islets from diabetes-prone BB rats contain less catalase and superoxide 
dismutase activity compared to islets from BB diabetes-resistant and Wistar rats. This 
may be the result of altered gene expression of either antioxidant enzyme or of 
increased cytokine activity leading to nitric oxide-induced inhibition of catalase 
activity. 
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HYDROGEN PEROXIDE-BASED SELECTION OF RINm CELLS 
IMPROVES CELL RESISTANCE TO OXIDATIVE STRESS. 
K.BIoch, M-Vorobcychyk, and P.Vardi. The Laboratory for the Research 
of Diabetes and Obesity, FMRC, Tel-Aviv Univ ersity, Petah Tikva, 
Israel. 

Background and Aims : Beta-cell lines constitute a potential source for 
future transplantation of engineered, insulin-producing cells. The cell 
defense system is believed to be crucial for post-transplantation long 
term success. Following our recent findings on selection of RINm cells 
for STZ and alloxan resistance ( UEDR , 1:2000), we further analyzed the 
effect of hydrogen peroxide (HP)-bascd selection on RINm cell defense 
mechanisms against oxidative stress. Materials and Methods : Resistance 
to HP (RINmHP) was obtained by repeated exposure of parental RINm 
cells to 100 pM and 200 pM of HP. Cell viability was estimated by the 
MTT colorimetric method, while defense potential was estimated by 
determination of catalase activity and hydrogen peroxide degradation in 
the cultured cells. Cell functional capacity was evaluated by insulin 
response to glucose and IB MX, and by determination of cell ins ulin 
content. Results : We found that RINmHP resistance to 200 pM and 300 
pM of HP was 3.5 and 5.8-fold higher w hen compared to that of parental 
RINm cells (pO.Ol). In addition, the half-life of HP in the RINmHP 
culture medium was lower then that of parental cells. These data 
correspond with the 2-fold higher activity of catalase in RINmHP 
compared to that obtained in parental cells. The better defense properties 
of the selected cells were not found to be associated with any significant 
changes in the cell’s capacity to respond to stimulatioa Conclusion : HP 
treatment can be considered as a method to obtain insulin-producing cells 
which are resistant to oxidative stress due to their higher level of catalase 
activity. 
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JNK BUT NOT MEK AND P38 INHIBITION REDUCES IL-lp INDUCED RIN CELL 
DEATH INDEPENDENTLY OF NO PRODUCTION. 

N. Aa. Andersen, M. Nikulina, A. M. E. Sprinkel, C. Bonny 5 and T. Mandrup- 
Poulsen. Steno Diabetes Center, Gentofte, Denmark, 5 Division of Medical Ge¬ 
netics, Centre Hospitalier Universitaire Vaudois-University Hospital, Lausanne, 
Switzerland. 

The aim was to investigate the effects of a JXK inhibitor versus the effects of the 
MEK and p38 inhibitors on IL-ip induced cell death and NO production in rat 
insulinoma (RIN) cells. Background: IL-l induced NO production and cell 
death is decreased by inhibitors of the mitogen activated protein (MAP) kinases 
ERK and p38 in rat islets of Langerhans. However, it has been suggested that IL- 
1 induced cell death in cell lines is preferably signalled via the MAP kinase JNK. 
Methods: RIN-5AH-T2B cells (250.000 cells/mL) were seeded in RPMI+10% 
FCS and precultured for 24 hours. One hour prior to IL-l exposure the cells were 
incubated with 10 pM p38 inhibitor SB203580 (p38i) and 100 pM MEK inhibi¬ 
tor PD09S059 (MEKi) or 1 pM JNK inhibitor tat-JBD (JNKi). Cells were ex¬ 
posed to 400-600 U/mL rhIL-lp for 24 hours (using MEKi and p38i) or 48 hours 
(using JNKi). NO production was measured by Griess reaction, whereas cell 
death was measured by Propidium Iodide (PI) or Hoechst/PI staining. Results: 
NO production was increased significantly after exposure to IL-l (PcO.Ol). 

MEKi and p38i significantly reduced IL-l induced NO production with 50% 
(PO.05) whereas JNKi had no effect on IL-l induced NO production. IL-l in¬ 
duced cell death (PO.05 versus control) was increased by 100% by MEKi and 
p38i (PO.05), whereas JNKi reduced IL-l induced cell death by 50% (P0.001). 
Conclusion: We suggest that IL-l induced cell death in RIN cells is induced by 
a high JNK activity relative to a low ERK and p38 activity, and further that JNK 
signalling leads to cell death independently of NO production. 
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COMPARISON OF THE FUNCTIONAL PROPERTIES OF ISLETS FROM 
PREDIABETIC AND DIABETIC PSAMOMMYS OBESUS 

J.A.G.Pertusa 1 , RNeshcr 2 , N.Kaiser 2 , E.Cerasi 2 , J.C.IIenquin 1 and J.CJonas 1 . 
Endocrinology and Metabolism, University of Louvain, Brussels, Belgium and 
Endocrinology and Metabolism, Hadassah University Hospital, Jerusalem, Israel. 
Background-Aim: When fed on a high energy (HE) diet, P. obesus rapidly develops 
type 2 diabetes. Within 5 days of hyperglycemia, glucose-stimulated insulin secretion 
(GSIS) is largely reduced, likely as a result of £ cell degranulation. However, little is 
known about p cell stimulus-secretion coupling in P. obesus. Methods: Islets isolated 
from 12 prediabetic (low-energy LE diet) and 14 hyperglycemic (5 days HE diet) P. 
obesus (blood glucose = 4.4 ± 0.2 and 19 ± 1 mmol/1, respectively) were cultured 
overnight in either 5 mmol/1 glucose (G5) for LE islets or G10 for HE islets. Islet 
NAD(P)H autofluorescence and cytosolic calcium concentration ([Ca 2+ J c ) were 
measured during perifusion with G0.5, 2,4, 6, and 10, whereas insulin secretion was 
assessed at G2, 6 and 10. Results: In LE islets, glucose dose-dcpendently increased 
NAD(P)H with threshold, half-maximal and maximal effective concentrations of 2, 
5.1 and 10 mmol/1. Corresponding values for glucose increase of [Ca 2 *J c were 4, 5.6 
and 10 mmol/1. These metabolic and {Ca 2 *] c changes resulted in a dose-dependent 
GSIS (-10 and 20 fold increase over G2 in G6 and G10 respectively). In comparison, 
islets from HE animals had a significantly higher sensitivity to glucose for NAD(P)H 
and [Ca 2 *]; responses, with threshold, half-maximal and maximal effective 
concentrations (mmol/1) of 2, 3.3 and 6 for NAD(P)H and 2, 2.7 and 6 for [Ca 2+ J c 
respectively. Strikingly, [Ca 2 *] c was already found to oscillate in G2, resulting in a 
18-fold higher rate of secretion compared to LE islets, despite a 4-fo!d reduction in 
insulin content However, raising glucose to 10 mmol/1 did not further stimulate 
insulin secretion. A similar shift in glucose sensitivity was observed in freshly 
isolated islets. Conclusion: Our results suggest that the in vivo defect of GSIS in HE 
P.obesus results from the complex interplay between decreased maximal secretory 
output due to P cell degranulation and increased glucose sensitivity as indicated by 
maximal NAD(P)H and [Ca 2 *] c levels at low physiological glucose concentration. 
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DISORGANIZATION OF CYTOPLASMIC Ca'* OSCILLATIONS AND 
PULSATILE INSULIN SECRETION IN ISLETS FROM ob/ob MICE 
M.A. Ravier', J. Sehlin 2 and J.C. Henquin 1 . 'Endocrinology and Metabolism 
Unit. University of Louvain, Brussels, Belgium; 2 Departement of Integrative 
Medical Biology, Histology and Cell Biology, University of UmeS, Sweden. 

In normal mouse islets, glucose induces synchronous cytoplasmic [Ca 2+ ]j 
oscillations in all P-cells, and each oscillation triggers a pulse of insulin 
secretion. Chronically hyperglycemic and hyperinsulinemic ob/ob mice were 
used to evaluate the impact of an overstimulation of insulin secretion on this fine 
regulation of islet function. Methods. Islets were isolated from 8-12 m-old 
ob/ob mice and their age-matched lean littermates. After 18h culture in 10 
mmol/1 glucose, islet [Ca 2 *]j was measured (fura PE3 technique), sometimes 
simultaneously with insulin secretion. Results. During stimulation with 9-12 
mmol/1 glucose, a lack of synchronization between [Ca 2 *]j oscillations was 
observed in only 6% of lean islets vs 65% of ob/ob islets. Culture of ob/ob islets 
in 5.5 mmol/1 glucose increased the incidence of desynchronization. In some 
islets the desynchronization was subtle (missing oscillation or variable shift 
between oscillations in different regions). In other islets, oscillations with 
distinct periods and shapes continuously occurred in different regions. 
Sometimes, the whole islet was crossed by [Ca 2> ], waves with variable starting 
points. Only small (40% of the volume of the others) ob/ob islets were 
synchronized, but there was a large overlap between sizes of well synchronized 
lean islets and desynchronized ob/ob islets. In lean and ob/ob islets stimulated 
with 12 mmol/1 glucose, regular and synchronous [Ca 2+ ]j oscillations w’ere 
accompanied by parallel oscillations of insulin secretion. In poorly synchronized 
ob/ob islets, the pattern of secretion was also irregular but followed the pattern 
of the global [Ca 2t ], change in the whole islet. Conclusions. Hyperstimulation 
of P-cells and/or hyperplasia of the islets disrupt the regularity of [Ca 2 *]j 
oscillations and associated pulsatility of insulin secretion. These observations 
made in ob/ob mouse islets suggest a mechanism for the irregularity of insulin 
oscillations in type 2 diabetic patients. 
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Defective glucose-regulated insulin gene expression limits insulin production in 
the Psammomys obesus model of type 2 diabetes. 

G. Leibowitz, G. Uckaya, A. Oprescu, E. Cerasi, D.J. Gross, and N. Kaiser. 

Dept, of Endocrinology and Metabolism, Hadassah Hospital, Jerusalem, Israel 

Background and Aims: Psammomys obesus (P. obesus), an animal model of type 2 
diabetes, shows a marked depletion of insulin content in response to increased 
secretory demand. We have previously shown that P. obesus islets fail to increase 
insulin gene expression in response to glucose, probably due to the absence of the 
conserved form of the transcription factor PDX-1. In the present study we have 
evaluated the interrelationship between insulin gene expression, proinsulin 
biosynthesis and immunoreactive insulin (IRJ) content in islets from the diabetes- 
prone P. obesus and from the diabetes-resistant Sprague-Dawley (SD) rat. 

Materials and Methods: Islets of P. obesus and SD rats were cultured at various 
glucose concentrations (1.7 to 16.7 mmol/1) for 3, 6 and 24 h and then analyzed for 
insulin mRNA by quantitative RT-PCR, proinsulin biosynthesis by leucine 
incorporation into proinsulin and IRI content and secretion by RIA. 

Results: Insulin mRNA content was 2-3 fold higher in P. obesus islets cultured in 3.3 
mmol/1 glucose compared to islets in 1.7 mmol/I glucose; no further increase was 
observed at higher glucose concentrations. The failure to increase insulin mRNA in 
response to glucose concentrations higher than 3.3 mmol/1 was associated with a 
blunted increase in proinsulin biosynthesis (-1.5 fold). In contrast, rat insulin 1 
mRNA was augmented in a dose-dependent manner by a wide range of glucose 
concentrations (-3 fold increase at 3.3 relative to 1.7 mmol/1 glucose and 2-4 fold at 
16.7 relative to 3.3 mmol/1 glucose). This was accompanied by a marked increase in 
proinsulin biosynthesis (6 fold increase at 3.3 vs. 1.7 mmol/1 glucose and 
approximately 9 fold increase at 16.7 vs. 3.3 mmol/1 glucose). Despite the 2-3 fold 
higher insulin secretion at 16.7 mmol/1 glucose in rat compared to P. obesus islets, 
insulin content was significantly lower in P. obesus islets. 

Conclusions: The attenuated insulin gene expression in response to glucose 
stimulation in P. obesus is associated with a marked reduction in glucose-dependent 
proinsulin production. These findings support the hypothesis that inadequate 
regulation of insulin gene expression by elevated glucose contributes to the failure of 
P. obesus to cope with increased secretory demand with depleted insulin stores and 
diabetes as a consequence. 


562 

Rescue of beta-cell exhaustion after the development of diabetes mellitus in 
db/db mice 

F. Kawasaki, M. Matsuda, K. Kohara and K. Kaku Kawasaki Medical School, 
Kurashild, Japan 

Background and Aims: It has been shown that poor glycemic control results 
pancreatic beta-cell damages. In this study, w f e demonstrated the possibility to rescue 
an exhaustion of beta cells by reducing stresses of insulin secretion using diazoxide, 
ATP sensitive K-channel opener, and pioglitazone. 

Materials and Methods: 4 groups of db/db mice (n=6 per group): i) control db/db 
mice (C), ii) db/db treated with diazoxide 30mg/kg per day orally from 6 to 18 weeks 
of age (Dz), iii) db/db treated with pioglitazone 100 mg/kg orally from 6 to 18 weeks 
of age (Pio) and iv) db/db treated with Dz+Pio, were studied. Body weight and fasted 
blood glucose (FBG) was measured every two weeks, insulin concentrations (IRJ) in 
plasma and pancreas were also measured, and pancreatic tissue was stained immuno- 
histochemically using antibodies to insulin at 12 and 18 weeks of age. 

Results: At 8 weeks of age, FBG in control mice readily showed higher than that in 
other groups, and further increased in course of time. FBGs in treated groups were 
lower compared with controls (Dz: 273±60, Pio: 177459, Dz+Pio: 165453 vs C: 
386±103mg/dl, p<0.05, at 12 weeks of age, and Dz: 284487, Pio: 260±30, Dz+Pio: 
225433 vs C: 722±83mg/dl, p<0.05, at 18 weeks of age). Plasma IRI levels in treated 
mice were higher than those in controls (Dz: 5.340.9, Pio: 6.441.1, Dz+Pio: 6.5±1.0 
vs C: 5.841.2ng/ml, p=ns, at 12 weeks of age, and Dz:5.5±0.9, Pio: 6.740.8, Dz+Pio: 
7.441.1 vs C: 3.341.Ong/ml, p<0.05, at 18 weeks of age). Pancreatic islets and insulin 
positive cells in control mice were reduced in size and number, while islets were 
swollen and insulin positive cells were well preserved in mice treated with Dz and/or 
Pio. This effect on morphological findings was most significant in mice treated with 
Dz+Pio. 

Conclusions: The present results demonstrate that both Dz and Pio prevent the beta¬ 
cell damage in db/db mice functionally and histologically, probably through 
improving insulin over-secretion from beta-cells. Additional effects of Dz and Pio, 
which mechanisms are different each other, further enlarge the possibility of 
pharmacological intervention to prevent the progress of diabetes mellitus. 
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Altered islet hormone secretion in grp receptor deficient mice 
K Persson 1 , G Pacini 2 and B Ahren'.'Lund Univ.. Sweden. 2 LADSEB, Padua, Italy 
Background and aims: Gastrin-releasing peptide (GRP) is a neuropeptide in islet 
parasympathetic nerves and may therefore be involved in the neural regulation of 
islet function. This is supported by a previous study where we showed that mice 
deficient for the GRP receptor gene (GRPR-ko) display impaired glucose tolerance 
and deficient insulin response after oral glucose. In this study we investigated 
insulin secretion and insulin sensitivity derived from the minimal model of glucose 
disappearance after intravenous glucose, as well as glucagon and insulin secretion 
after autonomic activation in GRPR-ko. Materials and methods The GRPR-ko and 
controls were given iv glucose (lg/kg). arginine (0.25g/kg), 2-deo.xy-glucose (2DG, 
0.5g/kg) and carbachol (O.53pmo!/kg). Insulin secretion was the suprabasal acute 
insulin release the first 5 minutes (AIR) and glucose tolerance was the slope of 
glucose disappearance in 20 min (Kc)l insulin dependent glucose disposal was the 
insulin sensitivity index (S|). The effect of insulin was defined as the “disposition 
index”(DI=A!R x S,). Results: The GRPR-ko mice had enhanced insulin response 
after iv glucose (AIR: 666±72 vs 317±87 pmol/1; p<0.01), and a higher Kq 
( 2.68±0.27% vs 1.81±0.28; p<0.05), but comparable S|. The DI was enhanced in 
GRPR-ko mice (7220-t 1510 vs 2970±740; p<0.05). Furthermore, the GRPR-ko mice 
displayed deficient glucagon and insulin responses to 2DG 4I50±490 

vs 7230±750 pmol/l/50min; p<0.0l; AUC m4 : 35±9 vs 63±14 nmol/1/50min;p<0.05). 
Glucagon release stimulated by the muscarinic receptor agonist carbachol was the 
same (AUC B , uc , Bon : 590±143 vs 681 ±205 pmol/l/20min; n.s.) but the insulin response 
was potentiated in GRPR-ko (AUC ins : 18622*2871 vs 11580*1203 pmol/t/20min; 
p<0.05). In contrast, the insulin and glucagon responses to arginine were not 
different between the groups. Conclusions: GRPR-ko have an increased glucose 
elimination after iv glucose due to potentiated insulin secretion with preserved 
insulin sensitivity. Increased sensitivity to cholinergic stimulus, after a long-standing 
glucose intolerance, might explain this potentiation. Furthermore, GRPR is essential 
for islet hormone release after autonomic activation. 
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ALTERATION OF BETA-CELL CONSTITUTIVE NO SYNTHASE IS 
INVOLVED IN THE ABNORMAL LNSUHN RESPONSE TO ARGININE IN 
A NEW RAT MODEL OF TYPE 2 DIABETES. 

A. Pocai (1), M. Novel I i (1), A. Lajoix (2), D. Bezzi (1), R. Gross (2) and P. Masiello 
(1). Dip. Patologia Sperimentalc, University of Pisa, Italy; (2). UMR 9921 du CNRS, 
Univ. Montpellier I, France. 

Background and Aims: We have previously obtained a new diabetic syndrome in 
adult rats given streptozotocin and nicotinamide, characterized by reduced beta-cell 
mass, partially preserved insulin response to glucose and tolbutamide and excessive 
sensitivity to arginine. In this study, we explored the kinetics of glucose- and 
arginine-stimulated insulin release in perifused islets as well as the effect of L-N-w- 
nitro-L-arginine methyl ester (L-NAME), inhibitor of constitutive NO synthase 
(cNOS), to provide insight into the possible mechanisms responsible for the arginine 
hypersensitivity observed in this and other models of type 2 diabetes 

Materials and Methods: Perifusion of islets isolated from control and diabetic 
animals by the collagenase technique. 

Results: A reduced first phase and a blunted second phase were observed upon 
glucose stimulation of diabetic islets, substantially confirming previous data in the 
perfused pancreas. Exposure of diabetic islets to 10 mM L-arginine, at 2.8 mM 
glucose, elicited a remarkable monophasic increment in insulin release, which peaked 
at 639±31 pg/islet/min as compared to 49±18 pg/islet/min in control islets (p«0.01). 
Furthermore, the insulin response to arginine was not modified by the addition of L- 
NAME in diabetic islets, whereas it was markedly enhanced in control islets, as 
expected in consideration of the documented inhibitory effect exerted by cNOS 
activity in normal beta-cells. 

Conclusions: Our results, obtained through a pharmacological approach, provide for 
the first time evidence that functional abnormalities of type 2 experimental diabetes, 
such as the insulin hyper-responsiveness to arginine, could be due to an impairment in 
cNOS activity of beta-cells. 
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Insufficient beta! cell proliferation in OLETF (Otsuka Long Evans Tokushima Fatty) rats 
after partial pancreatectomy : Decreased proliferation or Increased apoptosis ? 

S.H. Ko, K.H. Yoon, S.H. Suh, Y.B. Ahn, S.J.Yoo, K.H.Song, RS.Son, M.I.Kang, 
B.Y.Cha, K.W.Lee, KY.Son, S-K.Kang. Dept Endocrinology and Metabolism, 
Catholic Research Institutes of Medical Science, The Catholic University of Korea, 
Seoul, Korea 

Background and Aims: Compensatory beta-cell proliferation for adapting to increased 
insulin resistance might be achieved by neogenesis of beta-cell from duct cells, 
replication of pre-existing beta cells and also inhibition of beta-cell apoptosis. This 
study was designed to study about the mechanism of incomplete beta-cell 
compensation in OLETF rat after partial pancreatectomy(Px). 

Materials and Methods: 12\vcck-©ld OLETF(Otsuka Long Evans Tokushima Fatty) rats 
weighing 280-320g were used. 70% partial Px was done. Experimental animals were divided 
into 4 subgroups by date of killing after Px: O(Px0), 3(Px3), 90(Px90), 120(Pxl20) days. After 
glucose tolerance testfGTT), pancreas remnant was excised and immunohistochemical staining 
was done for insulin to quantify the beta cell mass by point-counting method and also observed 
the amount of fibrosis of the islets after Masson's trichrome staining. Immunostaining with anti- 
BrdU antibody and propidium iodidc(PI) of pancreatic islets was analyzed for evaluation of 
beta-cell proliferation and apoptosis. 

Results: We observed that impaired glucose tolerance or diabetes were developed after 70% 
Px. The mean value of AUCg of PxO, Px3, Px90 groups in OLETF and LETO rats was 601.9+/- 
26.5, 756.6+/-136.9, 1248.9+/-2!9.9mg/dl and 594.5+/-38.8, 737.3+/- 127.8, 1101.3+/- 
206.7mg/dl respectively. In PxO, Px3, Px90 group, the mean value of beta-cell mass was 
1.I0+/-0.3,0.6I+/-0.3, 1.35+/-0.8mg in OLETF rats and 1.13+/-0.3, 0.49+/-0.2, 1.94+/-0.8mg 
in LETO rats, but was not statistically different At Px3, the mean areas of duct cell 
proliferation were not significantly different between OLETF and LETO rats. And rapidly 
proliferating duct cells werre observed in the adjacent area of common pancreatic duct and 
main duct even uplo 90days after Px. But the amount of fibrosis area in the islets were 
significantly increased in OLETF rats. In addition, increased PI proportion of beta cells in islets 
was also observed. 

Conclusions: More severe hyperglycemia and islet disorganization were apparent in OLETF 
rats despite of existence of beta cell regeneration and renewal process. So it seemed that 
hyperglycemia accelerated aging process or senescence of beta cells in OLETF rats. Increased 
apoptosis might be an important mechanism for progression of hyperglycemia. 
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A STUDY ON THE EFFECT OF NEUROPEPTIDE Y ON PANCREATIC ISLET CELL 
FUNCTION IN NORMAL AND DIABETIC RATS AND CHINESE HAMSTERS. 

XIAN Yang *, LI Xiu jun, FU Mao, and ZHAO Guizhi Endocrinology / Internal Medicine, 
First University Hospital, West China University of Medical Sciences, Chengdu, China 

Background and Aims: Hie relationship of neuropeptide Y (NPY) and diabetes is unclear. 
Thus, we conducted this study to explore the implications of NPY in the regulation of islet 
cell function in normal and diabetic status. Materials and Methods: Pancreatic islets from 
normal, STZ diabetic rats and diabetic Chinese hamsters were isolated, purified and cultured 
Islets were subsequently subjected to stimulation of II.lmM glucose, and NPY in 
concentrations ranging from 0.1 nM to lOnM for normal Islets, and lOOnM for diabetic islets 
by using a colum islet cell perifusion system. Insulin and glucagon release in response to 
glucose and NPY stimuli were evaluated sequentially and djnaraically from each collection 
of perifusate. Besides, islets from diabetic hamster incubated with anti-NPY antibody, or 
normal rabbit anti-scrum for 2h were also perifused and hormonal release assessed in the 
same ways. Results: 1. Low dose (O.lnM) NPY stimulated (79.21 ±6.52 vs. 121.00+18.20 
mU/1/50 islets, P<0.05), but high dose (>6nM) inhibited (79.21+6.52 vs. 14.12 + 2.23 
mU/1/50 islets, P<0.01) glucose-stimulated insulin secretion, showing the dual regulatory 
effects of NPY on insulin release in a dose-dependent manner in both normal rats and 
Chinese hamsters. lOOnM of NPY remarkably inhibited insulin secretion from islet cells in 
both normal rats and hamsters (131.47+24.60 vs. 68.89+10.70, and 92.88+26.04 vs. 61.81 
+ 8.18 mU/1/50 islets, respectively, P<0.05) and their diabetic models (31.89 + 10,34 vs. 
14.72±8.89, and 89.33 + 12.59 vs. 53.91 ±9.18 mU/1/50 islets, respectively, PO.05). 2. 
Insulin release in response to 2.8mM and II.lmM glucose in anti-NPY antibody pretreated 
islets significantly increased by 78% and 103%, respectively, compared with normal rabbit 
antiserum treated controls in diabetic hamsters. 3. High dose NPY (lOOnM) moderately 
inhibited glucagon release in both diabetic models (46.75 ±10.06 vs. 44.48 ±10.12 ng/I/50 
islets, and 47.98±7.77 vs. 44.11+9.60 ng/1/50 islets, respectively). Conclusions: Our 
results suggest that NPY may play an important role in the regulation of islet function, and 
may be involved in the development of diabetes mellitus. (supported by grant of National Natural 
Science Foundation of China, # 39770351). * Present address: Sichuan Provincial Hospital 
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DECREASED RESIDUAL INSULIN SECRETORY CAPACITY' IN A NOVEL 
LARGE ANIMAL MODEL OF TYPE 2 DIABETES 

B. Rolin , M. YVilkcn, R.D. Carr and M.O. Larsen, Novo Nordisk A/S, Bagsvaerd 
Denmark 

Background and Aims: A method for induction of impaired glucose tolerance and type 2 
diabetes in the Gottingen minipig has previously been published. In the present study, the 
insulin secretory capacity to glucose and arginine stimuli in this model was compared to that of 
normal and type I diabetic animals. 

Materials and Methods: Male minipigs, 11 months, 16-22 kg, were instrumented with 
permanent jugular vein catheters. To induce diabetes, animals were dosed i.v. with either 
nicotinamide (NA) 67mg/kg plus streptozotocin (STZ) !25mgAg (n=ll) or STZ (125mg/kg) 
alone (n=3). Fourteen animals served as normal controls. At least 3 weeks after induction of 
diabetes a test of insulin secretory capacity was performed: Glucose injections of 300 mg/kg 
and 600 mg/kg were given at baseline plasma glucose (PG) and an arginine injection (67mg/kg) 
was given at high PG levels (approx 20-25 mM), all injections were administered 
intravenously. PG was measured during the whole test and glucose disappearance rates 
calculated. 

Results: Acute 10 min insulin responses (ArR) to glucose and arginine injections are expressed 
as area under the curve (AUC). Data are presented as means ± SEM. Insulin secretory capacity 
in response to 300 mg/kg glucose was decreased significantly in both NA+STZ (1178 ± 197 
pmol/l’min, p<0.001) and STZ (260 ± 127 pmol/l’min, p<0.001) compared to normal (3251 ± 
215 pmol/l*min). Similarly, the response to 600 mg/kg glucose was decreased significantly in 
both groups: NA +STZ (1467 ± 311 pmol/l*min, pO.OOl) and STZ (276 ± 164 pmol/l*min, 
p<0.001) compared to normal (3593 ± 335 pmol/I*min). The response to arginine 67 mg/kg 
was also significantly impaired in the NA+STZ group (1460 ± 303 pmol/Urain, p<0.01) and in 
the STZ group (705 ±618 pmol/l*min, p<0.05) vs. normal animals (3283 ± 496 pmol/l*min). 
However, the values obtained for diabetic animals in the NA+STZ group were consistently 
higher than those of the diabetic animals in the STZ group. The glucose disappearance rate 
K<sub>G</sub> as measured during 1-10 min after the first glucose bolus of 300 mg/kg was 
significantly decreased in NA+STZ (3.9 ±0.5 %/min, p<0.05) and in STZ (2.5+0.9 %/min, 
p<0.01) as compared to normal animals (5.4 ±0.2 %/min). 

Conclusions: The NA+STZ minipig, with decreased residual insulin secretory capacity and 
impaired glucose tolerance, holds promise as a new large animal model of type 2 diabetes and 
could be very useful in the development of new insulin sccretagogues or sensitizers for the 
treatment of type 2 diabetes. 
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Impairment of induced T cell proliferation in patients with type-1 diabetes 
G. Schemthaner, M Spatz, N. HibL, M. Eibl 

1 Med. Department, Rudolfstiftung Hospital and Immunology Outpatient Clinic, 
Vienna, Austria 

Background and Aims: Patients suffering from type-1 diabetes have been assigned a 
higher risk for certain infectious diseases although clinical data still remain 
controversial. The aim of our study was to investigate a possible impairment of the 
adaptive immune responses in vitro in patients with type-1 diabetes. 

Materials and Methods: A group of patients with typ e 'l diabetes (n= 34; age: 31,7 + 
8,8 yrs; HbAlc: 7,2 + 0,9%; duration of diabetes: 14,6 + 9,8 yTs) were compared to a 
group of age matched healthy controls (n= 38). Monocyte derived dentritic cells 
(MDDC) were used as antigen presenting cells (APC). 

Results: A significant reduction in the proliferative response of CD4+ T cells to the 
primary protein antigens keyhole limpet hemocyanin (KLH) and sperm whale 
myoglobin (SWM) could be observed in patients with type-1 diabetes compared to 
controls (p<0,05). The stability of MHC class-II-peptide complexes measured by 
resistance to denaturation of the alfa, beta-dimer in SDS, was significantly reduced for 
HLA-DR3 and/or DR4-peptide complexes in patients with type-1 diabetes. After 
stimulation of mononuclear phagocytes of patients with type-1 diabetes with 
lipopolysaccharide (LPS) significantly elevated amounts of the inhibitory cytokin 
(IL)-10 were produced (p<0,01) while levels of IL-12 and the inflammatory cytokines 
tumor necrosis factor (TNF)-alfa and IL-lbeta were comparable in both groups. 

Conclusions: Taken together these data prove that an impairment of antigen induced 
T cell proliferation is present in patients with type-1 diabetes. The reduced stability of 
the MHC class-II-peptide complex as well as an increased expression of the inhibitory 
cytokine IL-10 may help to clarify the underlying mechanisms of this finding. 


568 

Pancreatic ductular b-cells and extra-islet b-cell clusters are increased in obese 
but not in diabetic Macaca mulatta monkeys. 

1A Ghana, 2N.L. Bodkin, 2B.C. Hansen, I A. Clark. 

IDiabetes Research Laboratories, Oxford Centre for Diabetes, Endocrinology and 
Metabolism, Oxford, UK, 20besity and Diabetes Research Center, University of 
Maryland School of Medicine, Baltimore, MD USA 

Background and Aims: Decreased b-cell mass or reduced neogenesis has been 
proposed as causal factors for reduced insulin secretion in rodents models of Type 2 
diabetes. Morphological data from human post-mortem pancreas suggest that b-cell 
mass is relatively unchanged in Type 2 diabetic subjects but that b-cell neogenesis is 
increased. To determine the relationship of changes in the b-cell population to the 
pathophysiology of diabetes, post-mortem pancreas from spontaneously diabetic 
Macaca mulatta monkeys was examined. 

Materials and Methods. Pancreatic specimens taken at post-mortem from 18 
monkeys (aged 10-18y) at different stages of the diabetic syndrome were examined by 
quantitative immunohistochemistry. Animals w r ere assigned to 3 groups defined by 
their pathophysiology; Group 1: non-diabetic lean (n=4). Group II: obese 
hyperinsulinamic, normoglycaemic (n=7). Group HI: Diabetic (DXn=7). Histological 
sections were labelled for CK19 (ductal cells) and insulin. Morphometry included 
counting and area density measurement (IBAS system) of ductal b-cells, extra-islet b- 
cell clusters (<10 cells) and islet areas which were expressed in relation to tissue 
sectional area. 

Results: Ductal b-cells and extra-islet b-cell clusters were present in all groups and 
islet amyloid was present in Group III. There was no change in total islet 
mass/pancreas in Group III, compared to Group I, but there was a significant increase 
in b-cell mass in group n (obese); both the ductal b-cell number and area density of 
extra-islet b-cell clusters was significantly increased in Group H compared to Groups 
I and HI (p<0.05). Extra-islet b-cell clusters correlated with fasting insulin (rO.57; 
p<0.05) 

Conclusions: Obesity and insulin resistance are associated with increased pancreatic 
b-cel! proportion. It is unclear if this increase results from hypertrophy or neogenesis 
and if the extra-islet b-cells are functional and contribute to increased insulin secretion 
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CLINICAL REMISSION IN TYPE 1 DLYBETES: ASSOCIATION WITH 
CHANGES IN CD4+ T CELLS SUBSETS AND NOT WITH ISLET CELL 
ANTIBODY AND GLUTAMIC ACID DECARBOXYLASE ANTIBODY 
LEVELS 

N.M. Lalic, ML.Lukic, AJotic, MZamaklar, K.Lalic, Lj.LuIdc, N.Rajkovic, T. 
Milicic and P.B.Djordjevic, Institute for Endocrinology and Institute for Microbiology 
and Immunology, Belgrade, Yugoslavia 

Background and Aims: It was previously suggested that appearance of clinical remission (CR) 
in rcccnt-onsct Type 1 diabetes depended on the changes in CD4+ T lymphocyte subset ratio 
and in beta ccll-spccific autoantibody levels. The aim of this one year follow-up study in 61 
recent-onset Type 1 diabetes patients w as to compare changes in CD4+ T cell subsets, islet cell 
antibody (ICA) and glutamic acid decarboxylase antibody (GADA) levels in peripheral blood 
between two groups of these patients (pts), group A: pis exhibiting CR (N=32) and group B: pis 
not exhibiting CR (N=29) during the study period. 

Materials and Methods: In group A, the follow-up analysis was done (a) in initial insulin- 
requiring state (IRS/A I);(b) at day 30 of CR, (c) in relapse of IRS after CR (IRS/A II) and (d) 
at day 365 (IRS/A III). CR was defined as euglycemia without insulin lasting >30 days (CR 
duration, 127+/-53 days). In group B, the follow-up analysis was done (a) in IRS/B I and (b) at 
day 365 (IRS/B II). The percentage of memory (CD45R0+) and naive (CD45RA+) CD4+ T 
cell subsets was analyzed by two-color immunofluorescence staining and floweytometry. ICA 
levels were determined by indirect immunofluorescence and GADA levels by ELISA. 

Results: We found that in CR percentage of CD4+CD45RO+ T cells was lower compared to 
IRS/A I, IRS/A II and IRS/A Ifl in group A (29.4+/-2.1 vs 35.3+/-2.3%, 34.3+/-2.3% and 
35.7+7-2.1%/espectively, p<0.05) as well as to IRS/B I and IRS/B II in group B (33.8+/-2.2% 
and 32.8+/-2.8%, respectively, p<0.05). Moreover, in CR, percentage of CD4+CD45RA+ T 
cells was higher compared to IRS I/A, IRS/A II and IRS/A III in group A (25.2+/-1.6 vs 22.6+7- 
1.4%, 22.8+/-1.6% and 23.0+/-1.5%, respectively, p<0.05) as well as to IRS/B I and IRS/B II in 
group B (21.9+/-1.6% and 22.7+/-1.8%, respectively, p<0.05). The ICA and the GADA levels 
did not differ betw een CR and neither of insulin-requiring stales during the whole study period. 

Conclusions: The results of our follow-up study have shown that appearance of CR was 
strongly dependent on decrease in CD45R0+ (memory cell) and increase in CD45RA+ (naive 
cell) subset of CD4+ T lymphocytes and it was not related neither to the changes in ICA nor 
GADA levels. 
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NK-CELLS AND MACROPHAGES INFLUENCE T-HELPER LYMPHOCYTE 
MEDIATED B-CELL DESTRUCTION IN BB RATS 

H. Wanka, I. Klfiting and B. Kuttler; Institute of Pathophysiology Karlsburg, 
University of Greifswald, Germany 

Background and Aims : Previous studies have shown that besides autoreactive Th 
lymphocytes also NK-cells and macrophages have the potential to destroy 
pancreatic 0-cells. However, the relevance of NK-cells and macrophages for the 
development of type-1 diabetes is still unknow. Therefore, we investigated the 
appearance of these 0-ce!l reactive cell subsets in dependence on the age of 
normoglycaemic (nBB) compared to newly diagnosed BB rats (dBB). Materials 
and Methods : Splenic Th and NK-cells were enriched by magnetic beads loaded 
with the monoclonal antibodies W3/25 and 10/78. Macrophages were prepared by 
peritoneal lavage. The cytolytic reactivity was measured with the 3l Cr-release 
assay using prelabelled pancreatic islets as targets. Reactivities of lymphoid cells 
were calculated 0-cell reactive if the 3, Cr-release was higher than the upper limit 
of normal range (mean+2SD of cells from drLEW.lW rats). Results : In 35 days 
old nBB rats neither autoreactive T H nor 0-cell reactive NK-cells or macrophages 
were observed. At an age of 75 days, the incidence of rats with autoreactive T H 
cells was 46%. It increased to 57%, 63% and 81% in 85, 95 and 115 days old 
nBB and to 88% in dBB rats. 0-cell reactive NK-cells were detectable 
preferentially in dBB, 95 and 115 days old nBB rats (50%, 25%, 45%), however, 
only in combination with autoreactive T H cells. Peritoneal macrophages with 0- 
cell reactivity were observed in 33% of 95 and 50% of 115 days old nBB rats. 
However, not in all these rats an additional Th cell autoreactivity was found. 
Conclusion : We conclude that because of the discrepancy between the diabetes 
incidence of 35% and the presence of autoreactive T H lymphocytes in nearly all 
diabetes-susceptible rats, autoreactive T H lymphocytes are neccessary but not 
sufficient for the diabetes manifestation. Additional factors possibly the activation 
of other cells especially NK-cells may contribute to the diabetes manifestation by 
the release of soluble mediators destroying 0-cells or influencing the reactivity of 
autoreactive T H cells. 
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IMMUNOLOGIC PIIENOTYPE OF LYMPHOCYTES L\ OBESE AND LEAN 
SUBJECTS WITH AND WITHOUT DIABETES MELLITUS 
DM Koval, V.A.Lysenko, K.P.Zak, B.N.Mankovsky, M.A.Gmzov, 
A.V.Kulikovskaya, and V.V.Popova Institute of Endocrinology and Metabolism, 
Kiev, Ukraine 

Background and Aims: Recently immunological abnormalities have been implicated 
in the pathogenesis of type 2 diabetes mellitus (NIDDM) and/or metabolic syndrome. 
However, the immunological phenotype of lymphocytes (IPL) in obese and non-obese 
diabetic and non-diabctic subjects remains not investigated. Therefore, the aim of our 
study was to investigate IPL in obese and lean subjects with and without NIDDM. 
Materials and Methods: We examined 32 obese subjects - 17 with NIDDM (age - 
53.9+2.2 years; BMI - 31.8+0.7 kg/m2; mean+SEM) and 15 without NIDDM (age - 
52.3+1.8; BMI -32.9+l.lkg/m2) and 25 non-obese subjects - 13 with NIDDM (age - 
48.5+2.1; BMI -24.5+0.6kg/m2) and 12 without diabetes (age - 49.3+2.1; BMI - 
24.0+0.4kg/m2). IPL (CD3+, CD4+, CD8+, CD20+, CD56+ cells) was analyzed by 
fluorescence-activated flow cytometry (FACS tar plus, Becton Dickinson, USA). The 
number of large granular lymphocytes (LGL) was determined in the blood samples 
painted by Pappenheim (pH - 6.85) calculating on 200 cells. Statistical analysis was 
performed by Student's paired test. 

Results: We found that the number of CD3+, CD4+, CD8+ cells were significantly 
higher in obese diabetic patients compared to either diabetic non-obese or obese non¬ 
diabetic subjects. However, there was no difference in number of these cells between 
obese and lean non-diabetic people. The number of CD20+, CD56+ cells did not 
differ significantly between groups studied. The absolute number of LGL was the 
highest in obese diabetic patients - 0.40+0.06x109/L vs. 0.24+0.04x109/L in patients 
with diabetes with and without obesity, and 0.17+0.03x109/L vs. 0.28+0.04x109/L in 
those non-diabetic ones with and without obesity, respectively (p<0.05 between obese 
diabetic subjects and non-obese diabetics and obese non-diabetics). 

Conclusions: NIDDM along with obesity could be associated with some 
immunological abnormalities reflected by changes of IPL. The etiological 
significance of these changes for the development of NIDDM in obese subjects 
remains to be established by further studies. 
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Analy sis of Structure and Function of the binding of an autoantigenic peptide of 
insulin to CDS T cells in diabetes. 

F. S. Wong, A. Moustakas, L. Wen, G.K. Papadopoulos, and C.A. Janeway Jr 
Department of Pathology and Microbiology, University of Bristol, UK, Laboratory of 
Biochemistry and Biophysics, T.E.I. of Epirus, GR-47100 Arta, GREECE, Sections 
of Endocrinology and Immunobiology, Yale School of Medicine, New Haven, USA 

Background and Aims: CD8 T cells play an important role in the early phases of 
pathogenesis of type 1 diabetes. We have isolated a highly pathogenic CDS T cell 
clone from the islets of young Non Obese Diabetic (NOD) mice found to recognise 
insulin B chain amino acids 15-23 (LYLVCGERG) restricted by the MHC class I 
molecule Kd. The recognition of MHC peptide complexes by T cells is governed by 
structural considerations that are determined by the sequences of the individual 
components and their interaction with each other. We have studied peptides that are 
altered at different positions in the peptide sequence and related this to modelled 
structures of the MHC peptide TCR complex. Homology modelling is a tried and 
tested method of approximating the 3-dimensional structure of proteins. 

Results: The insulin peptide seems to fit well into the MHC groove with the position 
2 Tyr providing the primary anchor, and the position 9 Gly the secondary anchor, 
mainly through its free carboxylate end. Binding of the native peptide to the MHC is 
poor and we have shown that substitution of the peptide at positions 5, 7 and 9 is 
possible due to interactions that stabilise peptide binding, but that alterations at other 
positions along the peptide are poorly tolerated, related to the fact that positions 1,3. 
4. 5, 6 and 8 appear to be TCR contact residues. Our models demonstrate why the 
native peptide does not bind well to the MHC and indicate the reasons why it is not 
possible to substitute particular amino acids in the sequence. 

Conclusions: Our current studies have shown that the predictions seen in the models 
correlate closely with the observed effects in functional assays and enables an 
understanding of how the MHC, peptide, and TCR interact to be seen from a 
structural point of view and to be related to the function of these molecules. 
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Can tbc Patients with the Autoimmune Hepatopathy Develop Type 1 Diabetes? 

I. Dresslerovd, J. Dufmcovd, P. Hulek, M. DrahoSovd, Z. Skrabkovl 
1st Internal Clinic and Department of the Clinical Immunology and Allergology', 
University Hospital, Department of the Medical Biophy sics, Medical Faculty, Hradec 
Krilovd, Czech Republic 

Background and Aims: Last year we detected an unexpectable high number of the 
patients with the autoimmune hepatopathy (AH),who had positive markers of the 
autoimmune insulitis.The aim of our next work was to detect an impaired first phase 
insulin secretion in patients with AH and to compare the results of the patients with 
positive and negative markers of the insulitis. 

Materials and Methods: We examined 38 patients with the primary biliary cirrhosis 
(PBC) or the autoimmune hepatitis(AIH). We proved positive markers of the insulitis 
in 22 (58%) pcrsons.The detected markers were ICA-islet cells antibodies,LAA- 
insulin autoantibodies,GADA-glutamic arid dekarboxylase antibodies and IA-2A- 
thyrosinphosphatase antibodies. We performed an intravenous glucagon test (IVGT) to 
all 38 patients. 1 mg of glucagon(NOVO Nordisk) was administered intravenously and 
C peptide levels were tested before and 6 minutes after the administration.The low 
rise of C peptide (below 1,2 nraol/1) was an indicator of the impaired first phase 
insulin secretion. 

Results: 24 (63%) patients had a normal IVGT. 11 persons from this subgroup had 
positive markers of the insulitis and 13 persons had no marker of the insulitis. 14 
(37%) patients had an impaired IVGT. 10 persons from this subgroup had positive 
markers of the insulitis and 4 persons had no marker of the insulitis (pK),08). The 
patients with GADA positivity had an impaired IVGT in 6 cases from 9 
(p=0,05).There was no significant difference in IVGT in patients with ICA,IAA and 
LA-2 A positivity or negativity. 

Conclusions: We proved a significant impaired first phase insulin secretion in 
patients with GADA positivity. We did not prove this in patients with other markers 
of the insulitis.Nobody of our patients have developed diabetes yet 
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Effect of acutely induced hyperinsulinemia and hyperglycemia on phagocytosis 
and oxidative burst of polymorphonuclear cells in healthy subjects. 

V. Fejfarova, J.Hosova, AJirkovska, J.Kalanin, T.Pelikanova, I.Striz, P.Boucek, 
J.Skibova 

Institute for Clinical and Experimental Medicine, Prague, Czech Republic 

Background and Aims: High medium concentration of glucose impairs some functions of 
polymorphonuclear cells (PMN) in studies realized in vitro. The effect of in vitro induced 
hyperinsulinemia on immune functions has not been well documented yet. The aim of our study 
was to assess the cfTect of acutely induced hyperinsulinemia and/or hyperglycemia on 
phagocytosis and oxidative burst of PMN in vivo. 

Materials and Methods: Our study was performed on 10 healthy subjects (mean age 27*6 
years, mean BM1 24*3 kg/m2). Healthy subjects underwent four different 4 hours lasting clamp 
studies. Acute hyperinsulinemia and/or hyperglycemia (17 mmol/1) were induced by 1. 
hypcrinsulincmic (60 mU/1) euglyccmic clamp (HEC), 2. by hyperglycemic hypcrinsulinemic 
clamp (HHC), 3. by hyperglycemic clamp with insulin secretion blockade (HC) following 
somatostatin application. As a control clamp study (4.), we used time and volume controlled 
saline infusion. PMN phagocytic activity (mean percentage of phagocyting PMN, mean 
fluorescent intensity of phagocyting PMN) and oxidative burst (mean percentage of active 
PMN, mean fluorescent intensity of active PMN) were measured before and after clamp studies 
by flow cytometry under basal condition and after Escherichia Coli stimulation (PHAGOTEST, 
BURSTTEST, Orpcgcn Pharma, Heidelberg, Germany). 

Results: No significant differences in PMN functions as parameters of PMN phagocytosis 
(mean percentage of phagocyting PMN S.l±4% vs 5.6±5.2% (NS) and mean fluorescent 
intensity of phagocyting PMN 171*457 vs 282*573 (without unit) (NS) under basal condition, 
before vs after clamp study, respectively) and parameters of PMN oxidative burst (mean 
percentage of active PMN 3.7±2.5% vs 2.7*2.3% (NS) under basal condition and 93.6*12.3% 
vs 86.5*28.4% (NS) after E.Coli stimulation, mean fluorescent intensity of active PMN 
329*166 vs 433*350 (NS) under basal condition and 2362*1282 vs 1960*1321 (NS) after 
E.Coli stimulation , before vs after clamp study, respectively) were found during HEC. 
Similarly, values of these parameters before and after the HHC and HC damp studies did not 
differ significantly and were not different from control values found during controlled 
saline infusion as well. 

Conclusions: The nonspecific immune functions of PMN (phagocytosis and oxidative burst) 
were not influenced by short-time isolated hyperinsulinemia, by simultaneous hyperglycemia 
and hyperinsulinemia or by isolated hyperglycemia during in vivo damp studies in healthy 
subjects. Supported by IGA grant No. NB/5323-3 of the Czech Ministry of Health 
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GALACTOSYLCERAMIDE (GAL-CER) INCREASES AND SULFATIDE 
DECREASES CYTOKINE PRODUCTION OF WHOLE BLOOD CELLS. 

A. Roeske-Nielsen, K. Bendtzen, P. Fredman, and K. Buschard. Bartholin 
Instituttet; Institute for Inflammation Research, Rigshospitalet, Denmark; and 
Sahlgrenska Univertetssjukhuset, Molndal, Sweden. 

Aim: To test the effect of sulfatide and its precursor gal-cer (galactosylceramide) 
on cytokine production of whole blood culture from healthy donors. In P-cells 
sulfatide and gal-cer are present in similar amounts, but sulfatide is known to be 
secreted together with insulin. 

Methods: PHA or LPS stimulated diluted whole blood cells were incubated with 
30 pmol/1 of sulfatide or gal-cer. Furthermore, competition assays with both 
sulfatide and gal-cer in various concentrations were performed. After 24 hrs 
supernatants from the cultures were harvested and the levels of IL-lp, IL-6, 
Interferon-y (INF-y), and TNF-a were determined using ELISA. 

Results: Sulfatide decreased production of the investigated cytokines (all data in 
percentage of control levels): IL-6: 42 %, and INF-y: 65 %. In contrast, gal-cer 
stimulated cytokine production as compared to control levels: IL-10: 371 %, IL-6: 
312 %, INF-y: 4S9 %, and TNF-p: 1528 %. 

When sulfatide and gal-cer were present simultaneously in concentrations of 30 
pmol/l the cytokine productions were: IL-IP: 340 %, IL-6: 272 %, INF-y: 288 %, 
and TNF-p: 1040 %. Sulfatide in concentrations of 120 jiM reduced the effect of 
30 pmol/1 gal-cer to: IL-lbeta: 278 %, IL-6: 222 %, INF-y: 194 %, and TNF-a: 
1010 % of control levels. 

Conclusion: We have demonstrated that gal-cer increases and that sulfatide 
decreases the production of cytokines known to be toxic to p-cells. Furthermore, 
gal-cer seems to overrule the effect of sulfatide. We speculate that leakage of gal- 
cer in the islet environment might be potentially harmful to the P-cells. 
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CYTOKINE PROFILES AND IgG-IA SUBCLASSES RESPONSE IN 
TYPE 1 DIABETIC PATIENTS TREATED WITH ORAL INSULIN. 

L. Monetim*. MG. Cavallo***, F. Sentinclli**, L. Stefanini**, E. Bonifaciot, E. 
Sarugerit, E- Bosif. P Pozzilli** and the LMDIAB group. Universities of Campus 
Bio-Medico\ La Sapienza**, Tor Vergata*, Rome and San Raffaele Hospitalf, 
Milan, Italy. 

Background and Aims. Tolerance to oral administered antigens may be generated 
through the induction of Th2/Th3 regulatory cells. We recently reported that oral 
insulin administration (5 mg daily for one year) starting at the time of diagnosis in 
Type 1 diabetic patients had no effect on residual beta cell function. The aims of this 
study was to evaluate whether the above treatment determined the induction of 
regulatory T cells as measured by cytokine profiles and a Th2-like antibody response. 
Materials and Methods. IFNg, IL-4, IL-5 andTGFb cy tokines were measured in 
insulin and PI LA stimulated lymphocytes supernatants by ELISA every 3 months. 
IgG subclasses of insulin antibody were measured by RIA. Results. TGFb 
production was statistically higher in patients treated with oral insulin (dp=1 1) 
com pared with patients receiving placebo (n=9) at 12 months from diagnosis (p 0.01 
and p=0.004 for lymphocy tes challenged with insulin or PHA, respectively). Levels 
of IL4,11^5 and IFN-g w ere similar between the two treated patient’s groups both at 
baseline and after stimulus with the antigens. IgGl and lgG3 insulin antibody 
subclasses were statistically lower in patients treated with oral insulin compared to 
placebo control group after 12 months (p=0.02 and p=0.01, respectively). 
Conclusions. The higher level of TGFb in patients treated with oral insulin 
showed that immunorcgolatory T cells ac induced by this treatment. The lower IgGl 
and IgG3 antibody response in oral insulin treated-patients is consistent with a Th2 
deviation of the imm une response. The failure to achieve any measurable clinical 
benefit may be due to the timing of treatment implementation. 


578 

IMMUNE RESPONSES AGAINST RAT CYTOMEGALOVIRUS IN 
DIABETES PRONE AND DIABETES RESISTANT BB RATS 
N. van der Werf, J.L. Hillebrands, W.M. Bos, G. Leunk, B.W.A. van der Strate, F.A. 
Klatter, C.A. Bruggeman & J. Rozing. Dept. Cell Biology, Immunology Section, 
Faculty of Medical Sciences, University of Groningen, Groningen, The Netherlands 

Background and Aims: Recently, we showed that infection with RatCytomegalovirus 
(RCMV) of Diabetes Prone (DP) BB rats resulted in significantly accelerated development of 
diabetes. The mechanism by which RCMV accelerates the development of diabetes is still 
unknown, however cytolytic infection of beta-cells is unlikely. Stimulatory effects of RCMV 
on the T cell repertoire of DP BB rats might influence the diabetogenic proccs. To further 
characterize the immune response against RCMV, in vitro as well as in vivo experiments were 
performed after RCMV infection of DR and DP BB rats. 

Materials and Methods: The in vivo immune response against RCMV was studied in 
immunocompetent DR BB rats. Rats were left untreated or ip. infected with lxlOE6 pfu 
RCMV (Maastricht strain). Animals were sacrificed 6, 12 and 18 days p.i. and flowcytomctiy 
was performed on splenocytes and PBMNC's using the following mAb's: R73 (TCR), 0X35 
(CD4) and OX8 (CD8). To further analyze T cell responses in BB rats after RCMV infection, 
in vitro proliferative responses of DR and DP splenocytes were measured 21 days p.i. and 
compared to the responses observed after ConA stimulation. Finally, the presence of anii- 
RCMV antibodies in scrum of DP and DR BB rats after RCMV infection w as determined. 

ResuIts:Alihough not significant, RCMV infection resulted in an increase in the percentage 
CD8+ T cells 12 and 18 days p.i.. Three weeks p.i., DR splenocytes showed RCMV specific 
proliferation after stimulation with fixed autologous infected fibroblasts (685*176 dps), 
whereas stimulation with unifected fibroblasts did not result in T cell proliferation (49*7 dps, 
background levels). DP BB derived splenocytes did not show RCMV specific T cell 
proliferation. The magnitude of RCMV specific T cell proliferation in DR BB rats was about 
40-50% of the proliferation observ ed after polyclonal ConA stimulation. These results indicate 
that a high proportion of the T lymphocytes is responsive to stimulation with RCMV in vitro, 
suggesting polyclonal activation of T cells by RCMV. Infection with RCMV resulted in 
generation of significant titres of RCMV specific antibodies in both DP and DR BB rats. 

Conclusions: RCMV infection of DR BB rats resulted in the generation of strong proliferative 
T cells responses in vitro, suggesting polyclonal T cell stimulation. Although not detectable in 
DP BB rats in vitro, such activation of (autoreactivc) T cell might be involved in the 
accelerated development of diabetes in DP BB rats after RCMV infection. 
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Smokers show a higher degree of immune activation at each level of adiposity. 

W. Ricart, JM Fernandez-Real, M. Vayreda, M. Saez, C. Rlchart, M. Broch, B. 
Lafnez, J. Vendreli. 

Background and Aims: The independent contribution of smoking, as a confounding 
factor of the relationship between fat mass and immune activation has not been 
evaluated, despite the evidences that smoking alters cytokine production. As 
obesity'per se' is recognized as a chrome inflammatory state, we speculated a higher 
degree of immune activation in smokers at each level of adiposity. 

Patients and methods: We evaluated the serum concentration of soluble tumor 
necrosis factor-alpha receptors (sTNFRl and sTNFR2), insulin and leptin in a 
population of 264 healthy subjects. 

Results: We found a steeper relationship between circulating sTNFRl, sTNFR2 and 
body fatness among smokers. Smoking men were similar in age, BMI and WHR, and 
had significantly lower fat mass, lower fasting glucose, insulin and leptin 
concentrations than non-smoking men. Of note was that smoking men also showed 
significantly higher circulating sTNFR2 levels than non-smoking men (3.7+/- 0.8 vs 
3.4 +/- 0.7 ng/mL, p=0 03). A tendency towards lower fasting glucose and higher 
sTNFR2 concentration were also observed in smoking compared with non-smoking 
women. The relationship between BMI and sTNFRl was not statistically significant 
among non-smokers. 

Conclusion: Smokers show a higher degree of immune activation, as defined by 
higher scrum sTNFR2 concentration, at each level of adiposity. The findings of the 
present study may help to understand the apparent paradox of increasing TNF-alpha 
activity of obesity. 
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THE PREDICTIVE VALUE OF THYROID-ANTIBODIES AND TSH-LEVELS 
IN A LONGITUDINAL STUDY OF FIRST-DEGREE RELATIVES OF TYPE I 
DIABETIC PATIENTS 

E.Hatziagelaki 1 , CJaeger 2 , J.Seissler 3 , W.Scherbaum 3 , S.A.Raptis 1 and 
R.G.Bretzel 2 . , 2 Dd Department of Internal Medicine, Research Institute and 
Diabetes Center, Athens University, Greece. 2 3 rd Medical Department and 
Policlinic, Justus-Liebig University, Giessen Germany. 3 Diabetes Research 
Institute, University of Dusseldorf, Germany. 

Background and Aims: Thyroid autoimmunity is often associated with 
type 1 diabetes mellitus. We studied the prevalence of thyroid-Abs 
(TG/TPO) as well as the TSII levels basal and after 7yrs in first-degree 
relatives of type 1 diabetic patients, in order to evaluate the predictive value 
of these markers for impaired thyroid function in these subjects. Materials 
and Methods: We determined islet-cell autoantibodies (ICA, IA-2ic, GAD 
65), thyroid-Abs and TSH levels basal and after 7 years in 425 first-degree 
relatives of type 1 diabetics (mean age 29.2±14.4 years). The distribution of 
the relatives was: siblings/children 199 (group A) and parents 226 (group 
B). Results: Thyroid-Abs were found positive in 50 cases overall, 24 
(12.06%) in group A and 26 (11.5%) in group B. TSH basal levels were at 
the upper limit of the normal range (2.5±1.8) for subjects with thyroid-Ab 
positivity in comparison to those tested negative for TPO. In addition TSH 
levels after 7yrs were increased to 3.6±1.9. In group A, a strong positive 
correlation (r=0.45, p<0.001) was observed between TPO-Abs and TSH 
basal levels, i.e higher TSH levels were observed in subjects with TPO-Ab 
positivity in comparison to those tested negative for TPO. The above 
correlation became stronger after 7 yrs (r=0.53, p<0.001). In the same 
group, a significant positive correlation was seen between L\-2ic and TPO- 
Ab positivity (r=0.31, p<0.001), which also became stonger (r=0.42, 
p<0.001) after 7 years. No significant correlation was observed regarding 
the group B. In conclusion: Thyroid-autoimmunity has to be tested 
regularly and on a long-term basis not only in diabetic patients but also in 
their first-degree relatives who are at risk for type 1 diabetes mellitus. 


ASSOCIATION OF AUTOIMMUNE MARKERS OF INSULITIS, THYROID 
AND COELIAC DISEASES IN TYPE 1 DIABETES MELLITUS 

M. Prlzny, J. Skrha, Z. Liman ova, Z. Vaiuikovd and J. Hilgcrtova, Dept, of Internal 
Medicine 3, Faculty of Medicine 1, Charles University, Prague, Czech Republic 
Background and Aims: Type 1 diabetes mellitus as an autoimmune disease may be 
accompanied by the presence of GAD or IA-2 antibodies. In addition, its association 
with other autoimmune disorders has been repeatedly observed. The aim of this study 
was to evaluate the presence of autoantibodics as markers of insulitis, thyreopathy 
and coeliac disease in Type 1 diabetic patients. Patients and Methods: Fifty Type I 
diabetic patients (20 men/30 w omen, age 3 7± 11 yrs, diabetes duration 17+13 yrs, BMI 
24.4+2.6 kg.m‘ 2 ) were examined in present study. Autoantibodics (Ab) against 
GAD65 and IA-2 as markers of insulitis, anti TPO and anti TG as markers of 
autoimmune thyroid disorder and antibodies against gliadin (IgA, IgG), tissue 
transglutaminase (ATTG) and endomysium (EMA) as markers of coeliac disease 
were determined in all patients. RIA kits (Solupharm and Immunotech, Czech 
Republic) w ere used for the estimation of antibody concentrations. The results higher 
than 1 U.mT 1 in anti-GAD65 and anti-IA-2, 50 U.mT 1 in anti-TPO and 100 U.mT in 
anti-TG, 10 U.ml" 1 in ATTG and index higher than 30 in both IgA and IgG anti- 
gliadin antibodies were considered positive. Results: The presence of positive 
antibody results (Ab+) in separate autoimmunopathies (AIP) as well as the presence 
of at least one or more combined AIP are shown in the table. In three patients (6%) no 
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Type 1 DM 
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Thyreopathy 
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Coeliac disease 

11 
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10 of 12 antibody positive patients before the biochemical examinatioa The same 
was true in 36 of 38 antibody positive patients screened for coeliac disease. In two 
patients (1 m, BMI 18.6 kg.m* 1 / I w, BMI 17.4 kg.m’ 2 ) all four markers of coeliac 
disease were positive and subclinical form of coeliac disease was diagnosed. 
Conclusion: Antibody positivity against thyroid gland or intestine antigens is very 
frequent in Type 1 diabetic patients without any evidence of clinical manifestation. 
The regular screening for different antigens in these patients is therefore 
recommended to disclose subclinical autoimmunopathy. 
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niGH PREVALENCE OF CELIAC AND AUTOIMMUNE THYROID 
DISEASES IN SUBJECTS WITH TYPE 1 DIABETES MELLlTUS. 

B.M. Belinchon Sz -Somoza and JA Hernandez Bayo. 

Department of Endocrinology, General Hospital of La Palma, Canary Islands (Spain). 

Background and Aims: Diagnosis of unrecognized celiac (CD) and autoimmune 
thyroid (ATD) diseases is potentially important. The prevalence of these diseases in 
patients with Type 1 diabetes (DM-1) is uncertain in our area. We report the 
prevalence of CD and ATD among patients with DM-1 in La Palma island (730 Km2, 
81.000 inhabitants). 

Materials and Methods: Anti-endomysial antibodies (Em-ab) were measured in 100 
subjects (52 males, 48 females) with DM-1 (according to the WHO 1.985 or ADA 
1.997 criteria) attending our clinic. Anti-peroxidase (TPO) and anti-thyroglobulin 
(Tg) antibodies were measured as markers for thyroid autoimmunity. All those 
subjects who tested positive for EM-ab underwent intestinal biopsy. Islet cell (ICA), 
tyrosine phosphatase (IA2) and glutamic acid decarboxylase (GAD) antibodies were 
measured as markers for islet cell autoimmunity. To compare variables the Sudent's t, 
chi square or Fisher’s exact tests were employed. 

Results: The mean age of subjects was 27.8 years (range: 5-60 yr) and the mean 
duration of diabetes was 10.2 yr (range: 0-45 yr). We found Em-ab in 6% of subjects 
(4 male and 2 female). Only one patient had recognized CD prior study. No 
differences were observed according to sex. There were no found significant 
differences between subjects with or without ATD and neither in relation to islet cell 
autoimmunity. Thyroid autoimmunity were detected in 14% of subjects (14 TPO and 
2 Tg). The prevalence of ATD was higher in subjects with islet cell autoimmunity 
(22% vs 6%; p=0.021). No differences were observed according to sex and neither 
between subjects with or without CD. 

Conclusions: 1) Both prevalences (CD and ATD) are highers than in general 
population, and at least the ATD is more probable when islet cell autoimmunity is 
present. 2) Because most cases are clinically unrecognized, consideration should be 
given to serological screening using the IgA anti-endomysial test (as well as study of 
thyroid function) in all subjects with DM-1. 
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THYROGASTRIC AUTOIMMUNITY IN FIRST-DEGREE RELATIVES OF 
TYPE 1 DIABETIC PATIENTS. 

C. De Block, I. Dc Leeuw, C. Van Cam path out, M. Martin, K. Decochez, F. Gorus 
and the Belgian Diabetes Registry, Universities of Antwerp and Brussels, Belgium. 

Background and Aims: Approximately 25% of type 1 diabetic patients exhibit 
thyrogastric antibodies (aTPO,PCA) which may be accompanied by dysthyroidism, 
iron deficiency or pernicious anaemia. Immune, genetic and clinical factors may 
help to predict autoantibody status. We studied the prevalence of thyrogastric 
antibodies and (sub)clmical thyrogastric disease in first-degree relatives in relation 
to age, gender, HLA-DQ type, p-cell antibodies (ICA, IA2A, GADA) and proband 
thyrogastric antibody status. Patients and Methods: Sera from 272 type 1 diabetic 
patients (M/F: 116/156; mean age: 27±18 y; duration: 1G±9 y) and 397 first-degree 
relatives (M/F: 192/205; parents/siblings/offspring: 48/222/127) were screened for 
IA2A, GADA and aTPO by radiobinding assays and for ICA and PCA by indirect 
immunofluorescence. In addition, a periperal haemogram, iron, gastrin, TSII and 
fT4 levels were determined Results: GADA were present in 68% and 5%, ICA in 
36% and 2.5%, IA2A in 45% and 0.5%, aTPO in 21% and 4.5% and PCA in 18% 
and 11% of diabetic patients and relatives respectively. aTPO-positivity in relatives 
was associated with age (p=0.22, p=0.0001) and proband aTPO status (p=-2.6, 
p=0.002). The presence of PCA in relatives was determined by age (p=0.04, 
p=0.026). Moreover, PCA were more frequent in relatives of PCA+ probands than 
in relatives of PCA- probands (OR=3.0, p=0.01). HLA-DQ type and p-cell antibody 
status showed no association with thyrogastric antibody status in relatives. In 
relatives, (sub)clinical dysthyroidisra was diagnosed in 3%, iron deficiency anaemia 
in 12% (PCA+/PCA-: 26%/9%, p=0.009), and pernicious anaemia in 0.5% (PCA+/- 
: 5%/0%, p=0.012).TTiey had less thyroid dysfunction (p<0.0001) and pernicious 
anaemia (p=0.0l8) than diabetic probands. Conclusions: Thyrogastric 
autoimmunity is more frequent in type 1 diabetes than in their first-degree relatives. 
Thyrogastric antibody status in relatives is determined by age and proband 
thyrogastric antibody status, but not by HLA-DQ type or P-cell antibody status. 
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PREVALENCE AND CLINICAL APPLICATION OF ICA, IA2 AND GAD 
ANTIBODIES IN DIABETIC PATIENTS DIAGNOSED BEFORE 40 
YEARS OLD. 

J.A. Hernandez Bayo and BM Belinchon Sz.-Somoza. 

Department of Endocrinology, General Hospital of La Palma, Canary Islands (Spain). 

Background and Aims: To know the prevalence of islet cell autoimmunity -islet cell 
(ICA), tyrosine phosphatase (IA2) and glutamic add decarboxylase (GAD) 
autoantibodies (ab)- among diabetic patients under 40 years at the time of diagnosis 
and to check his utility in diabetes (DM) classification. 

Materials and Methods: A total of 125 subjects (60 males, 65 females) were 
screened for islet cell autoimmunity (ICA, IA2 and GAD ab). All of them were 
younger 40 years at diagnosis of DM, being de mean age at diagnosis 19.8 years 
(range 0^44 yr). We compared the prevalence according to sex, age at diagnosis 
groups (0-29 and 30-39 yr) and duration of DM Also were compared the Body Mass 
Index (BMI), age at debut and duration of DM between the subjects with or without 
autoimmunity. To compare variables were employed the Student's t, chi square-or 
Fisher's exact tests. 

Results: We found ab in 46.4% of patients (ICA 3.2%; IA2 20% and GAD 36.8%). 
No differences were observed according to sex (46.7% in male, 46.2% in female) and 
neither age at debut (51.6% in 0-29 age goup; 32.3% in 30-39 age group; p=0.054). 
The prevalence according to duration of DM (0-1, 2-5, 6-10 and more than 10 yr) 
was: 61.1%, 61.8%, 52% and 27.1% -(ICA 5.6%, 5.9%, 4% and 0%), (IA2 44.4%, 
35.3%, 12% and 4.2%) and (GAD 38.9%, 47.1%, 40% and 27.1%)-. The BMI, age at 
diagnosis and duration of DM were smaller in subjects with autoimmunity -(22.1 vs 
26.1 kg/m2; p<0.0001); (6.8 vs 12.9 yr; p<0.0001) and (17 vs 22.2 yr; p=0.014) 
respectively-. 

Conclusions: 1) The presence of islet cell autoimmunity in diabetic patients 
diagnosed before 40 yr old is related with BMI, age at presentation and duration of 
disease. The ab have tendency to disappear, being the GAD ab the most prevalent and 
persistent. 2) At least 1/3 of patients diagnosed between 30-39 yr have an 
autoimmunity component. In this group, the presence of ab have direct implications 
for adequate classification and treatment of DM. 


REGISTRATION OF POSITIVE AUTOANTIBODIES IN YOUNG TYPE 1 
DIABETIC PATIENTS DEPENDING ON DURATION OF DIABETES. 

T.Mokhort, T.Vorontsova, N.Karlovich and E.Kuchinskaya. 

Clinical Research Institute of Radiation Medicine and Endocrinology, Minsk.Belarus. 
Background and Aims: The aim was to estimate and compare frequency of 
registration specific for type 1 diabetes mellitus (DM1) autoantibodies (AB): to 
glutamic acid decarboxylase (AB-GAD), protein tyrosine phosphotase (AB-IA2) and 
non-specific AB: to thyroid peroxydase (AB-TPO), tyroglobulin (AB-TG) in young 
patients with different duration DM1. Materials and Methods: We measured AB- 
GAD, AB-IA2, AB-TPO and AB-TG levels by RIA in the sera of 85 patients 
(39males, 46females) with DM1. Mean age was 12,l±0,35yrs (9-16), mean DM1 
duration I,65+0,13yrs (0,17-3). We estimate frequency of positive AB levels in the 
study group as a whole and after dividing all patients in 3 subgroups: 1-st - patients 
with DM 1 duration less than 1 yr; 2-nd - with DM 1 duration l-2yr; 3-d with DM1 
duration 2-3yr. Results: In the study group positive AB-GAD were determined in 
83,3% of patients, AB-lA2-in 52,4%, AB-GAD and AB-IA2 simultaneously-in 
47,6%. The frequency of positive AB-TPO was 21,4%, AB-TG-14,3%. The data 


Xz subgroup 
(duration of DM1, yr) 

Frequency of positive autoantibodies, % I 

AB-GAD 

AB-IA2 

AB-TPO 1 

AB-TG 

1 . (0-1) 

100 

58,3 

8,3 

25 

2. (1-2) 

81,2* 

50 

18,8 

6.3 

3. (2-3) 

53,9**'' 

46,2 

38,5* 

7,7 


• p < 0,05 in comparison with 1 subgroup (0-1 yr); ** - p < 0,01 in comparison 
with 1 subgroup (0-1 yr), A - p < 0,1 in comparison with 2 subgroup (l-2yr) 

Obtained results shown that frequency of positive AB-GAD is significantly reduced 
with increasing duration of DM1. The same tendency to decreasing of positive AB- 
IA2 was observed, however statistically not significant. Also the significant growth of 
registration positive AB-TPO was marked with increasing of DM 1 duration. 
Conclusions: Our data demonstrate that frequency of specific for DM I 
autoantibodies reduce with the increasing of DM 1 duration. At the same time the 
levels of AB-TPO increased with the time of disease. We may suggest that this data is 
the indirect proof of increasing risk of autoimmune thyroid disorders occurrence in 
patients with increasing DM 1 duration. 
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Autoantibodics and C-peptide level in children with newly diagnosed type 1 
diabetes 

J. Bodalski, A. Zmyslowska, M. Abel, J. Bodalska-Lipinska, A. Szadkowska. Institute 
of Pediatrics, Medical University of Lodz, Poland 

Background and Aims: To investigate whether the presence of autoantibodies at 
diagnosis could be applied to predict the intensity of autoimmune beta-cell 
destruction, concerning C-peptide levels as a marker of islets damage. 

Materials and Methods: 103 newly diagnosed type I diabetic children at the age of 
2.3-18.2 years (median=l 1.4) were studied. Islet cell antibodies GCA) at diagnosis 
were detected by indirect immunofluorescence test performed on human pancreas 
sections, blood group 0. Antibodies to glutamic acid decarboxylase (GADA) and 
thyrosine phosphatase antibodies (IA2A) at disease onset were measured by 
microradioimmunoprecipitation assay. Fasting C-peptide levels were examined by 
radioimmunoassay at clinical diagnosis and after 10 days and after 1, 2, 3, 6 and 12 
months of disease. 

Results: 81.5% of diabetic children were ICA-positive. 66% of children tested 
positive for GADA and 62.1% for IA2A. Only 4 subjects (3.9%) had no detectable 
autoantibodies. Plasma C-peptide levels changed during the first year after clinical 
diagnosis. Median C-peptide levels peaked at 3 months (p<0.001) and declined 
thereafter. One year after diagnosis C-peptide levels decreased in ICA(+) patients 
(p<0.05) but not in 1CA (-) patients. The children initially positive for GADA had 
also decreased serum C-peptide levels at 12 months (p<0.01). There was no 
significant difference between the lA2A-positive and negative subjects in the C- 
peptide levels at 12 months of disease. 

Conclusions: We conclude, therefore, the presence of diabetes-related autoantibodies 
may be associated with accelerated beta-cell destruction. 

Supported by Polish State Committee for Scientific Research grant No 4P05E 05516 
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TITER AND COMBINATION OF ISLET CELL AUTOANTIBODIES 
DISCRIMINATE TWO TYPES OF LATENT AUTOIMMUNE DIABETES IN 
ADULTS 

T. Lohmann (1), K. Kellner (1), H.-J. Verlohren (2), J. Krug (3), J. Steindorf (3), J. 
Seissler (4). (1) Dept of Interna! Medicine III, University of Leipzig, (2) Diabetes 
Speciality Practice Leipzig, (3) City Hospital Leipzig, (4) Diabetes Research 
Institute, University of Duesseldorf; Germany 

Background and Aims: The aim of this study was to define immunological 
parameters for the discrimination of patients with distinct metabolic features in adult 
latent autoimmune diabetes. 

Material and Methods: Sera of 312 patients with short-term diabetes (duration <5 
years) diagnosed above age 35 years were screened for ICA, GAD- and IA2-Ab’s by 
workshop validated antibody assay's. The antibody status was correlated with age, 
body mass .index, residual beta cell function measured by fasting C-peptide, onset of 
diabetes related complications and markers of the metabolic syndrome (hypertension 
and hyperlipidemia). 

Results: Fifty one antibody positive patients were identified. These patients had 
lower fasting C-peptide (p<0.01) and less neuropathy (p<0.005) and hypertension 
(p<0.025) compared to matched antibody negative patients. However, only patients 
with two or more antibodies had reduced residual beta cell function compared to 
antibody negative (p<0.002) or single antibody positive (ICA or GAD-Ab’s only, 
p<0.005) patients. Patients with multiple antibodies were also leaner (p<0.005) and 
had less frequently diabetes related complications (p<0.005) or hypertension 
(p<0.005) compared to single antibody positive or antibody negative patients. IA2 
antibody status did not contribute to diagnosis or differentiation of LADA patients. 
Conclusions: The combined appearance of ICA and GAD antibodies and high titer 
of GAD antibodies are a hallmark for patients with insulin deficiency presenting 
clinical features of type 1 diabetes (LADA-type 1). Single antibody positivity and 
low titer antibodies are markers for LADA-type 2 associated with the clinical and 
metabolic phenotype of type 2 diabetes patients. 
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CLINICAL REMISSION IN TYPE 1 DIABETES: PREDICTIVX VALUE OF 
COMBINED ISLET CELL AND GLUTAMATE DECARBOXYLASE 
ANTIBODY TESTING AT ONSET OF THE DISEASE 

A Jotic, N.M.Lalic, MZamaklar, M.Bukilica, K.Lalic, Lj.Lukic and P.B.Djordjevic, 
Institute for Endocrinology, Belgrade, Yugoslavia 

Background and Aims: Our previous data have suggested that islet cell antibody (ICA) testing 
at onset of the disease might have a predictive value for appearance of clinical remission (CR) 
in rcccnt-onset Type 1 diabetes. The aim of this study was to analyse the predictive value of a 
combined two beta-cell specific antibody testing at onset of disease. Therefore, we compared 
(a) incidence of CR, (b) duration of CR and (c) rapidity of insulin secretion capacity (ISC) 
decline of until complete insulin dependency among the following groups of patients 
characterized by initial ICA and glutamate decarboxvlase antibody (GADA) levels: group A 
(ICA+/GADA+,N=25), group B (ICA+/GADA-,N=17), group C (ICA-/GADA+, N= 14) and 
group D (1CA-/GADA-, N= 13). 

Materials and Methods: The follow-up of the patients was done during the first two years of 
the overt disease. CR was defined as euglyccmia without insulin lasting >30 days. The 
autoantibody levels were determined at onset of the disease (<6\vk after diagnosis). ICA levels 
were detected by indirect immunofluorescence on human pancreas cryostalc sections and 
GADA levels by ELISA. The rapidity of ISC decline was measured as a time period until the 
detection of complete insulin dependency (fasting C-pcptidc (RIA) < 0.2nmol/I). 

Results: At onset, wc did not find significant differences in ICA levels between groups A and 
B, ncr in GADA levels between groups A and C. During the follow-up, wc found that the 
incidence of CR was significantly lower in groups A and B compared to groups C and D 
(A:8/25, B: 5/17, C: 11/14, D: 9/13, A,B vs C,D p<0 05, A vs B = NS.C vs D = NS). Similarly, 
the duration of CR w as significantly shorter in groups A and B than in groups C and D (CR 
duration :A:92+/-38, B;106+/-32; C:184+/-44, D:197+/-42 days, A3 vs C,D p<0.05, A vs B - 
NS, C vs D = NS). In groups A and B, the time period until complete insulin dependency was 
significantly shorter than in group B (A: 227+/- 37, B: 243+/- 45; C:394+/- 57dav$ vs B: 407+/- 
49days; A,B vs CX> p<0.05, A vs B - NS, C vs D = NS). 

Conclusions: Our results have demonstrated that ICA-positivity at onset of the disease was 
associated with lower incidence and shorter duration of CR and with more rapid decline of ISC, 
while the presence of GADA was not related to these parameters. The results imply that 
combined ICA and GADA testing did not improve the predictive value of ICA detection alone 
at onset of the disease. 
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THREE PATIENTS WITH IMMUNE MEDIATED COMPLICATIONS 
ASSOCLATED W ITH SUBCUTANEOUS INSULIN THERAPY 
C. Jaeger, M. Eckhard, T. Discher, J. Schmidt and RG. Bretzel. Third Medical 
Department and Policlinic, University of Giessen, Germany 

Background and Aims: Based on three s c. insulin treated patients (Pat, 1 with type 
1 D.m., Pat. 2 with type 2 D m., Pat. 3 with secondary D. m. due to partial 
pancreatectomy) we suggest a diagnostic and therapeutic approach to deal with 
subsequent immune mediated complications [e.g. insulin antibody (ab) formation 
and/or severe skin reactions] resulting in poor metabolic control in all of the subjects. 
Methods- Beside routine clinical/laboratory testing including c-pcptide, IlbAIc etc. 
we performed the following immunological evaluation: a. Intradermal skin testing 
(+/- controls, different insulin preparations, galenic components), b. Quantification of 
insulin specific IgG and IgE abs in the serum, c. To determine the clinical relevance 
of these abs we analyzed the time-dependent binding/dissociation curves of the 
insulin/abs complexes in an ex vivo/in vitro assay. Results: In all of the patients w e 
found high levels of insulin specific IgG abs (normal: <0.03mU/ml), binding approx. 
60-70% of the insulin with delay ed dissociation (up to 6 hours). In addition, Pat. 3 
generated insulin specific IgE abs exhibiting a severe/immediate local skin reaction 
for all insulin prep. used. In Pat. 2 we identified protamine as the challenging antigen 
for the local skin reactions. Interestingly, Pat 2 and 3 were found to have high plateau 
levels of fasting/post-prandial c-peptides potentially induced through a relative insulin 
shortage because of the large amount of antibody-bound/inactivated insulin. 
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For Pat. I we suggested CSII with an insulin analog in order to adjust the insulin 
delivery to steady state conditions. Pat. 2 was set on prandial insulin therapy (analog, 
no protamine) only and Pat. 3 (proven to have an endogenous insulin production 
despite partial pancreatect.) was set on max. OAD therapy without insulin. No more 
skin reactions were noted and metabolic control improved considerably. Conclusion : 
The proposed combined approach allows differential diagnosis and adopted therapy 
of different forms of immune mediated complications assoc, with s.c. insulin therapy. 
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INFLUENCE OF HYPERINSULLN'AEMIA AND HYPERGLYGAEMIA ON 
OXIDATIVE STRESS 

Zourek M*, Kyselova P*, Trefil M**, Racek J**, RuSavy Z*, TeSinsky P* 

* Department of Medicine I, Charles University Hospital, Pilsen, 

** Department of Clinical Biochemistry and Laboratory Diagnostics, Charles 
University Hospital, Pilsen. 

Background: Long-term hyperinsulinaemia and hyperglycaemia increase oxidative stress 
by production of reactive oxygen species (ROS). The aim of the study is to compare 
effects of short - term hyperglycaemia and short - term hyperinsulinaemia on parameters 
of oxidative stress in an animal model. Methods: 40 male Wistar rats (aged 3 months, 
weight 300-350g) were used in this study. 20 rats were infused simultaneously with 
insulin and 30% glucose during the hyperinsulinaemic clamp (100 IU/L) in two different 
glycaemia levels (6 and 12 mmol/L). 10 rats were clamped on glycaemia 6 mmol/L 
followed by 12 mmol/L, 10 rats were clamped on glycaemia 12 mmoLL followed by 6 
mmol/1. 20 rats were used as a control group and they were infused simultaneously with 
normal saline and 30% glucose as described above. Measured markers of oxidative stress 
were malondialdehyde (MDA), glutathion (GSH) and total antioxidative capacity (AOC). 
The M-value (numeric expression of pheriphcral tissue insulin resistance) was calculated 
for quantification of glucose oxidation during the clamp. The results were correlated to 
total plasmatic protein and compared with the control group. Statistical significance was 
determined by one way analysis of variance (ANOVA). Results: 1. Total antioxidant 
capacity increased significantly (p<0.05) according to the duration of the clamp and 
independently on the sequence of hyperglycaemic clamp (15,13+-1,44 vs 16.84+-2.27 and 
15.80+-0.45 vs 17,83 +-0,24) and euglycaemic clamp (14,31 +-1,10 vs 15,92+-2,10 and 
15,20+-0,50 vs 18.48+-0.38). There is a statistically significant difference in comparison 
with the control group (the second two values in the brackets). 2. Malondialdehyde 
increased significantly (p<0.001) according to the duration of the clamp, especially at the 
90th minute during hyperglycaemia (36.32+-6.12 vs 52,60+-7,45) in comparison with the 
control group. 3. Significantly (p<0.001) higher levels of glutathion were found in 
comparison with the control group during eug!ycaemi3 (1.47+-0.05 vs 2.80+-0.07 and 
1,48+-0,10 vs 2,66+-O,10) and hyperglycaemia (1,61+-0,19 vs 2,53+-0,35 and 1.49+-0.23 
vs 2,58+-0,07). 4. No significant changes in M-value were found in comparison with the 
control group in both modifications of the clamp. Conclusions: The short-term exogenous 
hyperinsulinaemia reduced the production of reactive oxygen species (ROS) during 
hyperglycaemia in an animal model compared with the control group. 


591 

ANTIOXIDANT VITAMINS SUPPLEMENTATION AMELIORATES 
SERUM LIPID PROFILE AND PARAOXONASE ACTIVITY IN 
DIABETIC RABBITS 

V. Poltorak, N. Gorbenko, Karachentsev Yu, A. Gladkich and O. Ivanova. 
Institute of Endocrine Pathology Problems, Kharkiv, Ukraine. 

Background and Aims: Oxidative stress has been recently implicated in the 
pathogenesis of vascular complication in diabetes and HDL-associated 
paraoxonase (PON) seems to play a major role in the protection of LDL 
against peroxidation. The object of the study was to assess the impact of an¬ 
tioxidant vitamins supplementation (AVS) on serum lipid profile and PON 
activity in diabetic rabbits. Materials and Methods: Male chinchilla rabbits 
were rendered diabetics by i.v. injection of dithizone (35 mg/kg b.w.). Con¬ 
trol rabbits (C) were received vehicle alone. In a week after dithizone injec¬ 
tion D were randomly allocated into two groups given AVS (a-tocopherol 
100 mg+vitamin C 200 mg/kg b.wVday per os) and placebo (diabetic control 
- DC) for 3 month. Fasting blood samples were used for glycemia, IRI, lipid 
profile, conjugated dienes (CD), and NEFA levels determination. Serum 
paraoxonase (PON) activity was evaluated using paraxon as substrate. Re¬ 
sults: AVS improved glucose control in diabetic rabbits reducing basal hy¬ 
perglycaemia (8.3±0.2 vs 15.6±2.7 mmol/1 in DC, p<0.01) and increasing 
plasma insulin 1.3-fold (p<0.05) as compared to DC. AVS produced signifi¬ 
cant decrease both in TG and LDL-C (by 28 % and 27 %, p<0.05 vs DC). 
Following AVS decrease in TC (13 %, p<0.05) and NEFA (42 %, p<0.02) 
were also observed. In addition after AVS HDL-C was enhanced by 40 % 
(p<0.01) in comparison with DC. Moreover, AVS attenuated lipid peroxida¬ 
tion decreasing serum DC levels 2-fold and augmented PON activity 
(59.810.9 vs DC: 37.612.2 U/l, p<0.02; C: 81.012.1 U/l). Conclusions: AVS 
is possessed of favourable effect on atherogenic risk factors in diabetic rab¬ 
bits through improving glycemic control and lipid profile, attenuating lipid 
peroxidation and increasing antioxidative defences. Using AVS may be 
beneficial in prevention of vascular complication related to diabetes. 
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EFFECTS OF STOBADINE TREATMENT ON PENTOSE PHOSPHATE PATHWAY, 
GLUTATHIONE-DEPENDENT ENZYMES, SUPEROXIDE DISMUTASE, AND LIPID 
PEROXIDATION IN THE BRAIN OF DIABETIC RAT; COMPARISON WITH VITAMIN E. 

C- Kansu 1 , N. UIusu 2 , A. Avci\ M. Sahilli 1 , O. Canbolat 3 , G. Ozansoy 1 , N. An 1 , M. Stefek 4 , S. 
Stoic 4 and A. Gajdosik 4 , Departments of Pharmacology and Biochemistry of Faculty of 
Pharmacy 1 and Medicine 2-3 , Haccttcpc 2 and Ankara 1-3 Universities-Turkey, and Slovak Academy 
of Sciences 4 -Slovak Republic. 


Backgrounds and Aims: Because oxidant stress may exacerbate some complications 
of diabetes mellitus, this study investigated the effects of 10 weeks treatment with 
stobadine (ST, 24.7 mg/kg/day, i.o.), a novel pyridoindole antioxidant, and vitamin E 
(vitE, 400-500 IU/kg/day, i.o.), alone or in combination with each another on the 
enzymes related to pentose phosphate pathway and glutathione metabolism, superoxide 
dismutase (SOD) activity, and lipid peroxidation (MDA) in 10 weeks streptozotocin (55 
mg/kg, i.p.)-diabetic (D) rats and age-matched control (C) rats. Materials and 
Methods: Glucose-6-phosphate dehydrogenase (G6PDH), 6-phospho-gIuconate 
dehydrogenase (6PGDH), glutathione reductase (GR), glutathione peroxidase (GPx), 
glutathione-S-transferase (GST) (each were expressed as U/g protein), SOD (U/mg 
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Diabetic rats untreated or treated with ST or vitE showed increased G6PDH; this was 
reduced with combined therapy. 6PGDH or SOD was not changed by diabetes or by 
treatment. A decrease in GR of diabetic rats w as prevented by ST treatment either alone or w ith 
vitE. Diabetes caused an increase in GPx and MDA, this was prevented by both antioxidants. ST 
or vitE stimulated GST activity either in control or in diabetic rats. The combined effect of ST 
and vitE on GST, GPx and MDA w as gently greater than that of ST or vitE alone. Conclusion: 
Results indicate that combined therapy with ST plus vitE is effective to prevent 
diabetes-induced abnormalities in pentose phosphate pathway and glutathione redox 
cycle activity and associates with protection against an oxidant-induced brain injury. 


START OF INSULIN TREATMENT AND PLASMA ANTI-OXIDANTS IN 
NEW ONSET INSULIN REQUIRING DIABETES MELLITUS 
MJ Muis** b , RP Stolk", HMG Princen 4 , JH Assink, PS Van Dam b , HJG Bilo d . ‘Julius 
Centre for General Practice and Patient Oriented Research and b Dept, of Internal 
Medicine, UMC Utrecht, c Gaubius Laboratory TNO-PG, Leiden. d Dept. of Internal 
Medicine, Isala Clinics Zw olle, The Netherlands. 

Background and Alms : Hyperglycaemia plays an important role in oxidative stress, 
which is probably involved in late diabetic complications. Oxidative stress can be 
evaluated indirectly by measuring anti-oxidant levels in plasma. Materials and 
methods : 15 Patients with new onset diabetes mellitus, requiring acute insulin 
treatment, aged 20-67 years, mean HbAlc 14.3 ±3.65%, without taking vitamin 
supplements, w ere included subsequently. We assessed plasma a-tocopherol, retinol, 
P-carotene, uric acid and ceruloplasmin, before and monthly during six months of 
intensive insulin treatment. Results : Before insulin treatment a-tocopherol (vitamin 
E) levels in plasma w ere not different compared to non diabetic subjects (33.5 ±12.1 
vs 32.2 ±0.8 pmol/L). After insulin treatment a-tocopherol decreased significantly as 
shown in the table below:_ _ 



Before treatment 

1 month insulin 

3 months insulin 

HbAlc, % 

14.3 ±3.65 

9.6 ±1.98* 

5.9 ±1.01* 

Tot chol, mmol/L 

5.44 ±1.09 

4.79 ±0.89* 

4.80 ±1.17* 

a-toco, pmoI/L 

33.5 ±12.1 

28.11 ±6.85* 

26.6 ± 7.03* 

a-toco/ tot chol, 
pmol/ mmol 

6.38 ±1.32 

5.78 ±0.93* 

5.69 ± 1.02* 


(Mean ±SD, * p< 0.05 vs baseline, a-toco- a-tocopherol, tot chol=total cholesterol) 
After six months a-tocopherol was still decreased compared to baseline levels (29.6 


±7.4 but not significantly p<0.80). No significant changes in other plasma anti¬ 
oxidants were found. Conclusion : Insulin treatment and’or improved metabolic 
control causes during the first months a significant decrease of vitamin E plasma 
levels in new onset insulin requiring diabetes mellitus. May we conclude: Insulin 
behaves as a pro-oxidant? 
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STUDIES ON PLASMA LIPIDS AND OXIDIZABILITY IN DIABETES TYPE 1 
COMPLICATED BY NEPHROPATHY 

J.Walevvski, A. Czech and J.TatoA. Chair and Department of Internal Medicine 
and Diabetology, Warsaw Medical University, Poland 

Aim: Mortality due to ischaemic heart disease in IDDM complicated by 
nephropathy is at least 9 times higher than in IDDM without albuminuria. One of 
the important pathogenetic mechanism in this phenomenon probably are the 
quantitative and qualitative changes in plasma lipids and in the oxidazibility of the 
LDL fraction. 

Methods: In 3 groups of the IDDM patients: without microalbuminuria (20 cases), 
with microalbuminuria (20 cases), and with overt nephropathy (20 cases) the 
plasma levels of the total cholesterol, LDL-cholestcroI, total trigliccrides and the 
content of trigliccrides in LDL fraction was assessed. Also the oxidizability under 
action of Cu 2+ ions of the separated by ultracentrifugation (Beckman) LDL 
fraction in the pharmacokinetic system was studied by continuous registration of 
absorbency with the Shimadzu apparatus and the special computer program. 
Results: When compared in the respect of the all parameters under study all 3 
groups differed in a statistically significant manner. LDL oxidizability was lowest 
in the IDDM group without microalbuminuria, higher in microalbuminurics and 
the highest in overt nephropathy. Conclusion: Abnormalities in plasma lipids and 
the increase of the oxidazibility of LDL fraction w ere parallel to the intensity of 
albuminuria and the diabetic insult to the kidneys. They have atherogenic 
character and should became the object of the therapeutic limitations. 
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DIP1 and SF2 p32 are novel interacting proteins of the atypical protein kinase C 
zeta 

K. Mussig, G. Niederfellner, H.-U. Haring and R. Lammers. 

Medizinische Klinik IV, Universitatsklinikum Tubingen, Otfried-Muller-Str. 10, 
72076 Tubingen, Germany 

Background and Aims: The protein kinase C (PKC) family consists of 12 isoforms 
which are classified into three subfamilies (classical, novel and atypical) based on 
their structure and cofactor regulation. As serine/threonine kinases they play crucial 
roles in many different signal transduction pathways. The atypical protein kinase C 
zeta is a downstream target of the insulin/IRS-1/PI 3-kinase/PDK-l cascade and is 
involved in insulin-stimulated protein synthesis and translocation of GLUT4 to the 
plasma membrane. Overexpression of atypical PKC isotype specific interacting 
protein (ASEP), the human homolog of C.elegans’ par-3, inhibits insulin-stimulated 
glucose uptake. Until now, however, little is known how PKC zeta mediates insulin 
specific signalling. The aim of the study was to further our understanding of PKC zeta 
downstream events and to find additional interacting proteins. 

Materials and Methods: A human skeletal muscle cDNA library w'as screened for 
PKC zeta regulatory domain interacting proteins using the yeast two-hybrid system. 
To verify the interactions found in yeast, expression vectors encoding epitope tagged 
forms of the identified proteins and of PKC zeta were co-transfected in 293 cells. The 
localization of the proteins in overexpressing NIH/3T3 cells was characterized with 
immunofluorescence. 

Results: Using the amino-terminus of PKC zeta as a bait in yeast two-hybrid system 
DIP1 and SF2 p32 were identified as interacting proteins. The interactions were 
verified in 293 cells coexpressing the complete PKC zeta protein and DIP1 or SF2 
p32. To further demonstrate the relevance of the interaction, colocalization of the 
proteins was demonstrated by immunofluorescence. 

Conclusions: Although at the moment there is no hint that the described interactions 
play a role in the insul in/IRS-1/PI 3-kinase/PDK-l cascade, our results may provide 
new insights into insulin dependent PKC zeta signal transduction. The nuclear protein 
DIP1 is involved in gene expression and differentation. SF p32 protein is a binding 
protein for nuclear pre-mRNA splicing factor SF2 and numerous other cellular 
proteins. By interacting with DIP1 and SF2 p32, PKC zeta could directly effect gene 
expression and pre-mRNA splicing. 
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The hypolipidemic potential and insulin sensitizing effect of n-3 PUFAs 
and TiA is related to their ability to stimulate peroxisomal fatty acid 
oxidation 

I. KlimeS, J. Ukropec, a A. Rustan, E. Dcmiakova, ^L. Madsen, ^R.K. Berge 
and E. Sebokova, Diabetes & Nutrition Research. Institute of Experimental 
Endocrinology, Bratislava, Slovakia, a Facultv of Pharmacy, University of 
Oslo and ^Department Clinical Biochemistry, University of Bergen, Norw ay 
Background: The hypotriglyceridemic effect of marine fish oil (FO) and 
tetraaecyl-thio-acetic acid (TTA) is associated with a decrease in adipose 
tissue mass and improvement of insulin action. The peroxisomal fatty acid 
/FA/ oxidation is a key player in metabolism of long chain FA and, therefore, 
may control triglyceride (TG) metabolism. Thus, aim of this study was to 
elucidate a possible role of the peroxisomal FA oxidation for the whole body 
insulin action. The effects of FO and TTA on the activity and gene 
expression for the key enzyme of peroxisomal oxidation of FA, i.e. acyl-CoA 
oxidase /AOX/ were, therefore, studied in the high fat (HF) diet-induced 
insulin resistance of rats. Methods: Male Wistar rats were fea for 21 days a 
high (70-caI%) fat (HF) diet. Tw o groups of them received a fish oil (HF/FO, 
10 wt.) or TTA (HF/TTA, 150 mg/kg/day) enriched HF diet. The AOX 
enzyme activity was measured radiometricafly in liver and skeletal muscle. 
Northern blots were used for evaluation of the gene expression. Results: N-3 
PUFA supplementation of the HF diet lowered plasma triglycerides /TG/ by 
70%. Liver AOX activity rose by more than 140% (HF: 4.2±0.4, HF/FO: 
I0.2±0.I pmol.mg~l.min - !, p<0.05). This was accompanied by an 83 % 
increase in the mRNA level for AOX (HF: 0.6±0.03, HF/FO: 1.1±0.03, AU, 
p<0.05). Very similar effects of n-3 PUFAs were found for both AOX 
arameters in skeletal muscles. The in vivo insulin resistance /euglycemic 
yperinsulinemic clamp/ of rats fed the HF diet was ameliorated by the n-3 
PUFA supplement (HF: 15.7±0.4, HF/FO: 22.3±0.7 mg.kg~l.min~l, p<0.05). 
TTA supplemented HF diet led to an 81 % decrease in plasma TG. Liver 
AOX activity rose by 5-fold (HF: 4.2±0.4, HF/TTA: 24.5±2.1, pmol.mg" 
l.min’l, p<0.05) ana the AOX mRNA level went up by 13o%. TIA 
stimulated the activity and gene expression for AOX in the skeletal muscle as 
well. Also in this case, TTA consumption normalized the whole body insulin 
action. Conclusions: a) both investigated hypolipidemic compounds 
stimulated peroxisomal FA oxidation, w hat b) may be related to their positive 
influence on the overall insulin action in the HF diet-induced model of 
insulin resistance, c) The more pronounced effect of TTA on the peroxisomal 
FA oxidation in the liver points toward a higher hypolipidemic potential of 
TTA as compared to n-3 PUFAs. d) Nevertheless, such difference was not 
found in the skeletal muscle. 
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C-PEPTIDE STIMULATES Na,K-ATPa« THROUGH PKC PATHWAY IN 
THE MEDULLARY THICK ASCENDING LLMB. 

M. Tsimaratos, F. Roger, D. Mordasini, M. Rousselot, M. Bianchi, E. Feraille. 
Laboratoire de Nephrologie, Fondation pour Recherches Medicates, 64, avenue de la 
Roseraie, CH-1211-4 Geneve, Switzerland. 

Background and Aims: the connecting peptide (C-peptide), a cleavage product of 
insulin secretion, exerts several biological effects, in part through stimulation of 
Na,K-ATPase activity. The medullary thick ascending limb (MTAL) Na,K-ATPase is 
the target of several hormones and neurotransmitters. This study was therefore 
designed to evidence a specific physiological effect of C-peptide on Na,K-ATPase 
activity in MTAL, and determine the signaling pathway involved. Materials and 
Methods: isolation of MTAL segments was obtained by microdissection from 
collagenase-treated kidneys on male Wistar rats. The hydrolytic activity of Na,K- 
ATPase (Vmax conditions) and ouabain-sensitive rubidium (86Rb) uptake (rate 
limiting [Na]i) were determined on permeabilised and intact tubules respectively. Cell 
surface expression of Na,K-ATPase was determined by western blotting after a 
biotinylation and streptavidin-precipitation assay. Results show that biosynthetic rat 
C-peptide (II) dose-dependendy stimulated Na,K-ATPase activity with a threshold 
close to 10-9 M while the maximal effect was observed with 10-7 M. Kinetic studies 
indicate that C-peptide (10-7 M) time-dependently stimulated Na,K-ATPase activity 
after 5 min and reached a plateau after 10 min while longer incubation time (15-60 
min) did not result in further stimulation. Incubation of tubules with 10-7 M C-peptide 
at 37 C for 15 minutes stimulated Na,K-ATPase activity (3067+278 vs 2182+136 
pmol Pi.mm-l.h-1, p<0.01) and 86Rb uptake (21.8+1.6 vs 16.7+1.32 pmol Rb.mm- 
l.min-1; p<0.05) to the same extend, i.e. about 35 % of the control. The effects of C- 
peptide on Na,K-ATPase activity were completely abolished by GF209203Y, a 
specific inhibitor of PKC. C-peptide induced a translocation of PKC alpha isoform 
from soluble to particular compartment. In contrast, C-peptide did not alter adenylyl 
cyclase and cell surface expression in MTAL. Conclusions : our study provides 
evidence that C-peptide stimulates Na,K-ATPase activity within the physiological 
range of concentration. This effect relies on an increase in Na,K-ATPase turnover rate 
mediated by PKC alpha activation. Altogether, these results are consistent'with a 
contribution of C-peptide to the stimulation Na,K-ATPase activity during non-fasting 
periods in MTAL. 
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Ceramide induced inhibition of PKB signalling in skeletal muscle cells: a role for 
atypical PKCs? 

D.J. Powell, E. Hajduch, H.S. Hundal. School of Life Sciences, University of Dundee, 
UK. 

Background and Aims: One of the main physiological responses to insulin is the 
stimulation of cellular glucose uptake in skeletal muscle. This stimulation is mediated 
in a phosphatidyl inositol 3-kinase (PI3K)-dependent manner, and increasing evidence 
suggests that activation of Protein Kinase B (PKB) which lies downstream of PI3K is 
also a key component of the signalling cascade that induces an increase in glucose 
uptake. We have recently shown that the insulin mediated activation of PKB and 
glucose transport are substantially reduced by the sphingomyelin lipid derivative 
ceramide which has been implicated in the pathogenesis of insulin resistance. The 
precise mechanisms by which ceramide attenuates insulin action are unclear. 
However, recent work has suggested that ceramide activates atypical PKC 
zeta/lambda, and that this kinase can negatively regulate PKB signalling. In this study 
we have assessed whether inhibition of PKC isoforms using selective inhibitors (Ro 
31-8220, GF 109203X) can prevent the hormonal loss in the activation of PKB and 
glucose transport by ceramide in cultured muscle cells. Materials and Methods: 
PKB activity and phosphorylation state was assessed in L6 myotubes using a 
synthetic peptide substrate and phospho-spccific antibodies, respectively. Glucose 
uptake was assayed using [3H]-2DG as a tracer. Cells were treated with ceramide 
(lOOmicroM, 2h), and/or insulin (lOOnM lOmin) in the absence or presence of PKC 
inhibitors prior to assaying PKB activity and 2DG uptake. Results: Insulin induced a 
15-fold increase in PKB activity and glucose uptake, which was lost completely upon 
prior incubation of cells with ceramide. Both Ro 31-8220 and GF 109203X prevented 
the ceramide-induced loss in PKB activation in a dose-dependent manner. The effect 
of both compounds was evident at concentrations that reportedly inhibit the activation 
of atypical PKCs (i.e PKC zeta/lambda). This effect was not observed at 
concentrations that inhibit conventional and novel PKCs. At the effective 
concentration Ro 31-8220 (5 microM) also prevented the loss in the hormonal 
stimulation of glucose uptake. Conclusions: These findings indicate that the role of 
ceramide in the development and progression of insulin resistance in skeletal muscle 
may arise through its ability to activate atypical PKC zeta/lambda, which may act 
negatively on insulin signalling to end point responses such as glucose transport. 
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Impaired insulin signal transduction and glucose transport in the type 2 diabetic 
heart 

Marline Desrois, Robert J SidelL, Linda M King, Dominique Gauguier, George K 
Radda and Kieran Clarke. Department of Biochemistry, University of Oxford, South 
Parks Road, Oxford OX1 3QU, England. 

Background and aim: The relationship between insulin resistance and cardiovascular 
risk is well established but, little is known about the molecular mechanisms involved 
and, in particular, about alterations in the insulin response which may underlie the 
abnormalities observed in diabetic heart. The purpose of this study was to determine 
the response to insulin and initial insulin signaling steps in the heart of a polygenic 
model of type 2 diabetes, the GK rat. 

Materials and methods: We measured the initial steps of the insulin signaling 
pathway after insulin infusion via the caudal vena cava as well as 3H glucose uptake 
after insulin stimulation in hearts from the male Wistar and spontaneously diabetic 
GK rats. 

Results: Insulin injected into the caudal vena cava caused maximal tyrosine 
phosphorylation of myocardial proteins within 90 s. We found a 33% decrease in 
insulin receptor b content (p < 0.0001) in the GK rat heart, associated with 41% lower 
(p < 0.02) insulin-stimulated tyrosine phosphorylation of the insulin receptor b 
subunit compared with control hearts. Insulin-stimulated tyrosine phosphory lation of 
IRS-1 and its association with the p85 subunit of PI 3-kinase were reduced in GK rat 
heart by 54% (p < 0.01) and 57% (p — 0.02) respectively, which correlated with a 
41% decrease in IRS-1 content (p < 0.001) in the GK rat heart. However, protein level 
and insulin-stimulated phosphorylation of Aktl/PKBa and MAPK1/2 were the same 
in both GK and control rat hearts. Measurement of 3H glucose uptake showed that the 
GK rat hearts had basal glucose uptake similar to the control rat hearts but insulin- 
stimulated glucose uptake was 20% lower (p < 0.05) in the GK rat hearts compared 
with normal rat hearts. A 28% decrease in total GLUT4 protein content (p <0.01) was 
found in the GK rat heart, with normal total GLUT1 protein. 

Conclusion: We conclude that insulin-stimulated glucose uptake is reduced in type 2 
diabetic heart due to impaired insulin signal transduction and a loss of GLUT4 
protein. 
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INSULIN RECEPTOR INTERNA LIZATION AND INTRACELLULAR 
SORTING ARE REGULATED BY PROTEIN KINASE C-ZETA AND 
PROTEIN KINASE B/AKT. 

P. Formisano, F. Fiory, F. Oriente, S. Santopietro, M. C. Allocca, C. Romano, M. 
Caruso, C. Miele, G. Condorelli, and F. Beguinot. Dipartimento di Biologia e 
Patologia Cellulare e Molecolare & Centro di Endocrinologia ed Oncologia 
Sperimentale del C.N.R., Federico II University of Naples, Italy 

Background and Aims: Insulin receptor (IR) tyrosine kinase activity is essential for 
insulin internalization. However, the molecular mechanisms controlling IR 
endocytosis and further intracellular sorting remain poorly defined. 

Materials and Methods: We have addressed this issue by following radiolabeled 
insulin internalization and sorting in L6 cells expressing human insulin receptor 
(L6hIR), which have been treated or not with selective pharmacological inhibitors. 
Results: We found that insulin internalization was inhibited by about 50% in cells 
treated with wortmannin (WM) or LY294002, which block phosphatydilinositol, 3 
kinase (PI3K). Internalization was not affected by bysindolylmaleimide and 
PD98059, which inhibit conventional protein kinase C (PKC) isoforms and 
MEK/MAPK, respectively. WM and LY294002 inhibited insulin retroendocytosis by 
70% and insulin degradation by only 20%, thus impairing normal intracellular sorting. 
The effect of PI3K inhibitors on insulin internalization was mimicked by transient 
transfection of either a dominant negative PKCzeta mutant and PKCzcta antisense 
oligonucleotides. However, both insulin degradation and retroendocytosis were 
reduced by 50% when PKCz was blocked. Conversely, overexpression of wt-PKCzeta 
in L6hIR cells increased by >2-fold insulin internalization, degradation and 
retroendocytosis. At variance with PKCzeta, expression of wt and constitute ely 
active Akt/PKB had no effect on insulin internalization and increased by 2,5-fold 
insulin retroendocytosis with minor changes of insulin degradation. 

Conclusion: Thus, PI3K controls different steps within insulin endocytic itinerary. 
PKCzeta appears to mediate PI3K effect on insulin internalization while Akt/PKB 
directs intracellular sorting toward retroendocytosis. 
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GLUTS expression and fructose transport in rat adipocytes: effects of age and 
insulin resistance 

E. Hajduch, G.J. Litherland, A.S. Blair, G.W. Gould*, H.S. Hundal. School of Life 
Sciences, University of Dundee, *Division of Biochemistry and Molecular Biology, 
University of Glasgow, UK 

Background and Aims: We have previously shown that rat adipocytes express the 
GLUT5 fructose transporter in the plasma membrane. However little is known about 
the exact role of this transporter and the extent to which fructose transport is 
important for the metabolism of this sugar in adipose tissue. In this study we have 
investigated the effects of age and insulin resistance on transporter expression and 
fructose metabolism in adipose tissue of Zucker rats. Materials and Methods: Young 
(age 5 weeks) and mature (age 15 weeks) lean and obese Zucker rats w ere used in this 
study. Adipose tissue was excised and processed for either isolation of subcellular 
membrane fractions (plasma membrane, PM; light microsomes, LDM; and heavy 
microsomes, HDM), or used in studies of fructose uptake, lactate production, and 
lipid synthesis using [14C]- labelled fructose. Results: (1) Effects of age: Analysis of 
GLUT5 protein expression in adipocytes isolated from young and mature lean 
animals revealed a 78% decrease in transporter expression in the mature compared to 
the young lean rats. This loss in GLUTS expression was associated with a 50% 
reduction in fructose uptake between the two age groups. (2) Effects of insulin 
resistance: The young obese animals presented increased blood insulin compared to 
their lean littermates (5.18 +/- 0.94ng/ml versus 1.95+/- 0.53ng/ml (p<0.05), 
respectively) but did not show any significant increase in blood glucose indicating 
that these animals were insulin resistant at 5 weeks. Immunoblot analysis revealed a 
1.8-fold increase in GLUT5 expression in the PM of the young obese animals 
compared to corresponding lean controls. This up-regulation in GLUT5 was 
accompanied by an increase in fructose uptake, lactate production and lipid synthesis 
by - 3-4 fold. As with the lean animals, obese animals showed an age-related loss in 
GLUTS expression (-84%), and although differences in GLUTS expression were 
observed between lean and obese at 5 weeks, this was not observed at 15 weeks. 
Condusions:The findings provide further evidence that GLUT5 is responsible for 
fructose uptake in adipose tissue, and that modulation of its expression results in 
associated changes in the metabolism of fructose in response to ageing and insulin 
resistance. 
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Chronic Angiotensin II Receptor Antagonism Enhances Skeletal Muscle GLUT- 
4 Protein Expression and Glucose Transport Activity in the Obese Zuckcr Rat 
T.R_ Kinnick, S. Jacob, M.K. Teachey, M. Krekler, and E.J. Henriksen. Department 
of Physiology, University of Arizona College of Medicine, Tucson, AZ USA; 
Department of Endocrinology, Ebcrhard-Karls University, Tubingen, Germany; and 
Bristol-Myers Squibb, Munich, Germany. 

Background and Aims: Recent evidence supports a role of angiotensin II (ATII) in 
the pathogenesis of skeletal muscle insulin resistance. In the present study, the effects 
of clironic administration of an ATII (selective ATl-subtype) receptor antagonist 
(iibesartan) on glucose tolerance, insulin action on skeletal muscle glucose transport, 
and muscle GLUT-4 glucose transporter protein expression were assessed in the 
insulin-resistant obese Zuckcr (fa/fa) rat 

Materials and Methods: Female obese Zucker rats were treated with 50 mg/kg 
irbesartan by gavage for 21 consecutive days. An oral glucose tolerance test (OGTT; 
l g/kg; 120 min) and determination of insulin-stimulated glucose transport activity (2- 
deoxyglucosc uptake; 1 mM) in isolated epitrochlearis and soleus muscles were then 
completed. GLUT-* protein levels in muscle and heart were also measured. 

Results: Chronic ATII receptor antagonism was associated with an 18% reduction 
(p<0.05) in heart mass and a 14% diminution (p<0.05) of fasting plasma glucose. The 
glucose and insulin responses (areas under the curve (AUC)) during the OGTT were 
reduced by 19% and 21%, respectively (both p<0.05), in the irbesartan-treated group 
compared to vehicle-treated controls. The glucose-insulin index (the product of the 
glucose and insulin AUCs during the OGTT) was reduced by 34% (p<0.05) in the 
irbesartan-treated obese group, indicative of an increase in whole-body insulin 
sensitivity. Insulin-mediated glucose transport was significantly elevated in both type 
I soleus (73%) and type lib epitrochlearis (32%) muscles from irbesartan-treated 
animals. The irbcsartan-induced modification of w hole-body insulin sensitivity was 
significantly correlated with the increased insulin-mediated glucose transport in both 
epitrochlearis (i=-0.677, p<0.05) and soleus (r=-0.892, p<0.05) muscles. Chronic 
ATII receptor antagonism was also associated with small, but significant (p<0.05), 
increases in GLUT-4 protein expression in the soleus (22%), plantaris (20%), and 
myocardium (15%). 

Conclusions: In insulin-resistant obese Zucker rats, chronic antagonism of ATII 
receptors (ATI-subtype) lowers fasting plasma glucose and improves glucose 
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Disordered Kinetics of Erogenous Insulin in Type 2 Diabetes: A Study of Insulin 
Volume of Distribution and Metabolic Clearance in Diabetic and Non-Diabetic 
Subjects 

MR. Smith, V, Anyaoku, D.G. Johnston and S. Robinson, Dept of Metabolic Medicine, 
Imperial College School of Medicine, London, UK. 

Background and Aims: There is evidence in both type 2 diabetes and normoglycaemic 
insulin resistant states that the metabolic clearance rate (MCR) of insulin is slower than in 
insulin sensitive individuals. The importance of this is not fully understood. In addition, 
there are differences between diabetic and non-diabetic subjects in the apparent volume of 
distribution (Vd) of insulin, but the data are not consistent and appear conflicting. We 
aimed to clarify the kinetics of exogenous insulin under fasting conditions in relation to 
insulin sensitivity. 

Materials and Methods: We have performed a series of short insulin tolerance tests using 
0.02U/kg of intravenous human actrapid in 16 patients with type 2 diabetes and 12 
normoglycaemic control subjects. All diabetic patients were controlled on diet alone and 
were not receiving any anlihypertensive medicatioa Insulin sensitivity was measured by 
the rale of decrease in plasma glucose concentration over 15 minutes. Specific insulin was 
measured by an ELISA with negligible cross reactivity with all insulin precursors. Non¬ 
linear regression was used to fit a biexponential curve to the insulin decay profile, 
described by y-Ae(-Bt)+C e(-Dt)+E, assuming a two compartment model. A frequent 
sampling protocol ensured accuracy of the y intercept and integration of the regression 
plot Non-parametric analysis was used to assess significance of the data. 

Results: Diabetic subjects had greater fasting hypcrinsulinacmia (median 4.95 pmol/1 
[interquartile range 3.41-10.38] v 1.95 [1.37-2.28]; p<0.05), and hyperglycaemia (6.97 
mmol/1 [5.75-8.07] v 5.25 [5.0-5.45], p<0.05), and were more insulin resistant than 
controls. The Vd of insulin was less in diabetes than controls (555.2 mllcg [359.1-740.5] 
v 924.7 [682.5-1608.6]; p<0.05). The MCR of insulin was slower in diabetes (206.9 
ml/min/kg [124.3-241.0] v 531.3 [257.2-694.7]; p<0.05). There was no identifiable 
difference in insulin mean residence time, disposal rate or half life between groups. 
Conclusions: Under fasting conditions, the Vd of exogenous insulin in type 2 diabetes is 
decreased compared to the insulin sensitive state. We have confirmed that insulin MCR is 
slower in type 2 diabetes. Impaired insulin delivery to target sites m3y contribute to 
peripheral insulin resistance. Similarly, insulin degradation occurs at target sites and 
impaired delivery also may underlie slower clearance rates. 
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Evidence for a common step in arsenite- and insulin-induced glucose uptake in 
3T3-L1 adipocytes 

M. Bazuine, D.M Ouwens, and J. A. Maasscn 

Leiden University Medical Centre, Molecular Cell Biology, Leiden, The Netherlands. 

Background and Aims: Insulin and stress-related stimuli like hyperosmotic shock 
and muscle contraction stimulate GLUT4 mediated glucose uptake in muscle cells 
and adipocytes. Most studies indicate that these stimuli induce the translocation of the 
main insulin-responsive glucose transporter GLUT4 to the plasma membrane, 
suggestive of convergence with the insulin-induced signal transduction pathway. 
Remarkably, in contrast to insulin, glucose uptake induced by these stimuli was found 
to be independent of PI-3’ kinase activation. The mechanism underlying glucose 
uptake mediated by these stimuli is only partially understood. To analyse in detail the 
mechanism of stress- induced glucose uptake, we have compared the signaling 
intermediates that are activated by arsenite, an inducer of chemical stress, and insulin. 
Materials and Methods: In this study we used 3T3-L1 adipocytes as a tool to 
compare stress- and insulin-induced glucose uptake. Apart from subcellular 
localisation of GLUT4 upon stimulation with either arsenite or insulin, we 
investigated the activation of several components of the insulin induced signal- 
transduction pathway, as well as the effect of pharmacological- and peptide-inhibitors 
on arsenite-, osmotic shock and insulin-induced glucose uptake. 

Results: Like insulin, arsenite stimulates basal glucose uptake, concomitant with 
translocation of GLUT4 towards the plasma membrane. However, arsenite did not 
activate early steps of the Insulin Receptor signal transduction such as Tyrosine- 
phosphorylation of IRS-1 or -2 and activation of PI-3’ kinase. Furthermore, arsenite 
induced glucose uptake was insensitive to inhibition of PI-3' kinase by wortmannin. 
However, we did find that Ro31-8220 was capable of inhibiting insulin- as well as 
arsenite- or osmotic shock induced glucose uptake. Ro31-8220 inhibited glucose 
uptake with an IC50-value suggestive of the involvement of atypical PKC-lambda in 
this process. Moreover, a myristoylatcd peptide-inhibitor that has been shown to act 
as a PKC-lambda pseudosubstrate also inhibited insulin- as well as arsenite induced 
glucose uptake. 

Conclusions: These data indicate that arsenite activates a signaling pathway 
downstream of PI-3’ kinase in the insulin signal transduction pathway that is sensitive 
to commonly used inhibitors for atypical PKC-lambda. 
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IMPORTANCE OF GLU 27 FOR C-PEPTIDE BINDING TO CELL 
MEMBRANES 

Z Zhong, K. Ekberg, A Pramanik, J Sliafqal, J Johansson, H Jomvall, R 
Rigler and J VVahren. Depts of Surgical Sciences and Medical 
Biochemistry and Biophysics, Karolinska Institutet, Stockholm, Sweden 

Background and Aim. Besides its role in facilitating proinsulin folding 
C-peptide has been shown to exert cellular effects. When given to 
patients with type 1 diabetes, C-peptide stimulates blood flow and 
improves renal and nerve function. Binding of C-peptide in the 
nanomolar concentration range to cell membranes has been demonstrated 
using fluorescence correlation spectroscopy (FCS). In this study we 
examine the structural requirements for cellular binding of C-peptide and 
its pentapeptide. 

Methods and Materials. Binding of 5 n.M tetramethyl rhodamine 
labeled human C-peplide (RhCP) to human renal tubular cells in primary 
culture and its displacement by different peptides was studied using FCS. 
Competitive displacement of bound RhCP by the C-terminal peptide 
E 27 GSLQji, derivatives thereof in which all residues were sequentially 
replaced by Ala, and fragments of C-peptide was studied. 

Results. Bound RhCP was displaced to 80-90% within 60 min after 
addition of 5 pM unlabeled C-peptide or EGSLQ. AGSLQ did not elicit 
detectable displacement. EASLQ gave rise to approximately 80% 
competitive displacement and incubation with EGALQ, EGSAQ and 
EGSLA resulted in intermediate displacement values of 28%, 20% and 
42%, respectively. Incubation with 5 pM Glu elicited 50% displacement, 
while G 2 sSLQji, EmLGGGPGAGi.;, or (1-26) C-peptide all failed to 
elicit displacement of bound RhCP. It is concluded that Glu 27 is of 
critical importance for C-peptide's binding to cellular targets. 
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C-PHPTIDE AND ITS ANALOGUES STIMULATE INTRA¬ 
CELLULAR Ca 2 * CONCENTRATIONS 

J Sliafqat, L Juntti-Berggren, Z Zhong, J Johansson, K Ekberg, P-O 
Berggrcn, II Jomvall, J Wahren. Depts of Medical Biochemistry and 
Biophysics, Molecular Medicine and Surgical Sciences, Karolinska 
Institutet, Stockholm, Sweden 

Background and Aims. Proinsulin C-peptide shows specific binding to 
cell membranes followed by activation of a G-protein coupled membrane 
receptor and stimulation of Ca 2 * dependent signaling pathways. This 
study aims to further define the ability of C-peptide and its analogues to 
increase intracellular Ca 2 * levels. 

Methods and Materials. Human renal tubular cells in primary culture 
were exposed to fura-2/AM. (2 35 m j n ) The changes in intracellular 

Ca 2 * concentrations, [Ca 2 *],, presented as the 340/380 nm fluorescence 
ratio were measured by microflurometry after exposure of the cells to 10 ' 
* 2 — 1 O ' 2 M C-peptide, its C-terminal pentapeptide (human and rat) and 
derivatives of the pentapeptide obtained by stepwise substitution with 
Ala. 

Results. Human C-peptide and its C-terminal pentapeptide (E^GSLQj,), 
but neither (1-26) C-peptide nor randomly scrambled C-peptide, elicited 
a significant rise in intracellular Ca 2 *. EGALQ showed similar effects as 
the native pentapeptide, EALSQ and EGSLA had slightly lower effects 
and AGSLQ had approximately half of the native pentapeptides's effect. 
Preincubation of the cells with pertussis toxin (1 pg/ml, 3 h, 37°C) 
abolished the Ca 2 * stimulatory effect of C-peptide and the pentapeptide. 
Both rat C-peptide and rat pentapeptide (E^VARQ),) elicited a Ca 2 * rise 
similar to that for the corresponding human peptides. It is concluded that 
C-peptide and its C-terminal pentapeptide are equipotent in stimulating 
increments of intracellular Ca 2 *, and that Glu 27 is of importance for this 
effect. 
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ROLE FOR SAM 68 AS A DOCKING PROTEIN IN INSULIN 
RECEPTOR SIGNALING 

V. Sanchez-Margalet and S. Najib. Dept Medical Biochem & Mol 
Biol, Medical School, Univ Hospital Virgen Macarcna, Seville, Spain 

Background and Aims: The 68 kDa Src substrate associated during 
mitosis (Sam 68 ) is an RNA binding protein with Src homology (SH) 2 
and 3 domain binding sites. We have recently found that Sam 68 is a 
substrate of the insulin receptor (IR) and that Tyr-phosphorylated 
Sam 68 associates with the SH2 domains of p85 PI3K, in vivo and in 
vitro. In the present work we sought to study the association of Sam 68 
with the Ras-GAP pathway by assessing the interactions with the SH2 
domains of GAP and the SH3 domains of Grb2. 

Materials and Methods: We employed GST-fiision proteins of SH2 
domains of GAP (N or C) and SH3 domains of Grb2 (N or C), 
recombinant Sam 68 and purified IR for in vitro studies. In vivo studies 
of protein-protein interaction were assessed by co-immunoprccipitation 
experiments with specific antibodies anti- Sam 68 , GAP, Grb2, Sos and 
phosphotyrosinc; and by affinity precipitation with the fusion proteins 
(SH2-GAP or SH3-Grb2). 

Results: Insulin stimulation of HTC-IR cells promotes 
phosphorylation of Sam 68 and its association with the SH2 domains of 
GAP. Sam 68 is constitutively associated with the SH3 domains of 
Grb2 and it does not change upon insulin stimulation, but Sam 68 is 
Tyr-phosphorylated and promotes the association of GAP with the 
Grb-2-Sos complex. In vitro studies with fusion proteins showed that 
sam 68 association with GAP and Grb2 are preferentially mediated by 
the C-terminal SH2 and SH3 domains of GAP and Grb2 respectively. 
Conclusions: Sam 68 is a substrate of the IR and may have a role as a 
docking protein in IR signaling, recruiting GAP to the Grb2-Sos 
complex, and in this way it may modulate Ras activity. 
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Efleet of C-peptide on Glucose Metabolism in Type I Diabetic Patients 
T. Forst, K. Rave, A. Pfiietzner, R. Buchholz, F. Flacke, M. Loebig and L. 
Heinemann. Institute for Clinical Research and Development, Mainz and Profil 
GmbH, Neuss, Germany 

Background and Aims: C-peptide stimulate glucose transport in human skeletal 
muscle and increases glucose utilisation in STZ-induced diabetic rats in an NO- 
dependent manner. However, the effect of C-peptide on glucose metabolism in 
humans is still a matter of debate. 

Materials and Methods: In a double blind, placebo controlled, two-way cross-over- 
study we investigated the glucodynamic effects of an intravenous infusion of C- 
peptide in two different doses (2 pmol/kg/min for 90 min and 8 pmol/kg/min for 
another 90 min). Ten type 1 diabetic patients (6 male/4 female; aged 25 to 45 years; 
duration of diabetes 15±10 years) participated in an euglycaemic glucose clamp 
(continuous insulin infusion of 0.2 mU/kg/min, blood glucose 5.5 mmol/1). 

Results: C-peptide infusion resulted in an increase of serum C-peptide levels during 
the low infiision period from 0 to 0.58±0.20 nmol/L [mean±SD] and to 2.3*0.67 
nmol/L the high infusion period. In comparison to the metabolic effect observed 
during the placebo infusion periods, the glucose infusion (AUC) necessary to keep 
blood glucose constant was lower during the low C-peptide infusion period (25.5 (6- 

73.5) vs. 69.0 (33.0-132.0) mg/kg/min; p<0.05 [median (interquartile range)] and 
tended to be lower during the high infusion period (28.5 (10.0-103.5) vs. 8S.0 (63.0- 

119.5) mg/kg/min; p=0.07). Total glucose consumption during both C-peptide 
infusion periods was lower (79.5 (25.0-144.0) vs. 157.5 (75.5-251.0) mg/kg/min; 
p<0.05). Serum insulin levels were not different during placebo and C-peptide 
infusion periods (12.6±7.7 vs. 11.4*7.7 pIU/mL, n.s ). 

Conclusions: In contrast to results obtained with isolated human muscle strips and in 
STZ-induced diabetic rats, our study could not demonstrate an activation of glucose 
metabolism during short term C-peptide supplementation in type 1 diabetic patients. 
Beside its well known vascular effects, C-peptide seem to have no stimulating effect 
on glucose metabolism in type 1 diabetic patients. 
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Identification of a cis-acting element and a trans-acting factor which regulates 
the tissue specific insulin receptor gene in hepatocytes. 

T.Shirotani, K.Yoshizato, N.Furukawa, T.Taguchi and E.Araki.Department of 
Metabolic Medicine, Kumamoto University School of Medicine, Kumamoto, Japan. 

Background and Aims: The insulin receptor is present in almost all cells and tissues, 
but its expression varies among the tissues. Especially in liver, muscle and fat cells, 
expression of insulin receptor is abundant. The liver is one of the major target organs 
of insulin and is important for glucose homeostasis. However, the mechanism of liver 
specific expression of the insulin receptor gene has not been well elucidated. In this 
study, we analyzed the tissue specific regulation of the insulin receptor gene in liver. 

Materials and Methods: To determine the promoter region required for expression 
of the tissue specific insulin receptor gene in HepG2 cells, plasmids containing 
various lengths of the human insulin receptor promoter gene upstream of the 
chloramphenicol acetyl transferase(CAT) gene were constructed. The CAT activity of 
these plasmids were assayed in HepG2 cells. To clarify whether nuclear proteins can 
bind to the tissue specific cis-acting element of insulin receptor promoter gene, 
electrophoretic mobility shift assay(EMSA) were performed with nuclear extracts 
obtained from HepG2 cells and rat hepatocytes. Moreover, UV crosslink assay was 
performed to determine the molecular weight of the nuclear protein in HepG2 cells 
that binds to the tissue specific cis-acting element of insulin receptor promoter gene. 

Results: In CAT assay with chimeric plasmids containing various deletions and 
insertions of the human insulin recepter promoter / CAT gene, a hepatocyte specific 
cis-acting element was identified nt -592 to -577 of the promoter region. In EMSA 
and UV crosslink assay, a 35kDa nuclear protein that bound to 5-TCCCTCCC-3'(nt - 
588 to -581) sequence was identified in HepG2 cells and hepatocytes. 

Conclusions:This novel nuclear protein identified in this study, may play an 
important role for tissue specific expression of the insulin receptor gene in the liver. 



A 160 


610 

17 0-ESTRADIOL DECREASES HUMAN INSULIN RECEPTOR mRNA LEVELS 
AND INSULIN RESPONSIVENESS IN U-937 PROMONOCYTIC CELLS. 
S.Molero, B.Maestro, M.C.Cananza, S.Bajo and C.Calle. Dept. Biochemistry and 
Molecular Biology. U.C.M. Madrid. Spain. 

Background and Aims: Earlier studies of our laboratory and others have demonstrated 
regulation of insulin receptor (IR) gene expression in established cell lines by steroid 
hormones such as mineralocorticoids, glucocorticoids, progestins and androgens. 
Nonetheless, there are no studies demonstrating effects of estrogens on IR gene 
expression. For these reasons, in the present work we analyze the effect of 17 p-estradiol 
(E 2 ) on IR mRNA levels and insulin action in terms of glucose oxidation in U-937 
human promonocytic cells. This cell line possesses estrogen receptor a and p as well as 
IRs and is considered to be an useful monocyte-like model to study the modulation of IR 
gene expression and insulin activity by diverse hormones. Materials and Methods: U- 
937 cells were treated for 24 h with increasing concentrations of E 2 (from lO' ,0 M to KT 6 
M) and the IR mRNA levels determined by Northern blot assays. To assess the time- 
course of estrogen effect on IR mRNA levels, the cells were treated for 15,24,36 and 48 
h with 10" 9 M E 2 . Measurements of glucose oxidation were carried out in both untreated 
and cells treated for 24 h with 10' 9 M E 2 in the absence/presence of increasing insulin 
concentrations (from I O' 10 M to 10‘ 7 M). Results: Northern assays showed that the levels 
of the two major IR-related mRNA species of approximately 11 kb and 8.5 kb in size 
present in these cells were decreased about 12% upon treatment with 10' 10 M E 2 , 
reaching minimum values (30% decrease) with 10 9 M E 2> and returning to near normal 
levels at higher concentrations of E 2 . This inhibition was also time-dependent reaching 
minimum values (34% decrease) 36 h after addition of E 2 . Basal values of glucose 
oxidation decreased by 24% after treatment for 24 h with I O' 9 M E 2 . Insulin stimulated 
glucose oxidation in a dose-dependent manner in both treated and untreated cells. 
However, the maximal response at 10' 7 M insulin was 69% lower in treated than in 
untreated cells indicating a decrease in responsiveness induced by E 2 . In conclusion, our 
results demonstrate for the first time an important role for E 2 as inhibitor of IR gene 
expression in U-937 human cells. This effect was accompanied by decreased insulin 
responsiveness of these cells. 
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EFFECTS OF INSULIN GLARGINE ON CULTURED HUMAN 
SKELETAL MUSCLE CELLS: COMPARISONS WITH INSULIN AND 
IGF-1. 

T, Ciaraldi, L Carter, S. Mudalici and R. Henry. San Diego, CA. 

Background and Alms: Insulin gtargine (Lantus®) is a human insulin analog with 
a prolonged duration of action. This study compared the effects of insulin glarginc 
(10) with human insulin (HI) and IGF-1. Materials and Method«: Endpoints 
examined were receptor binding, glucose uptake, -thymidine uptake and 
activation of signalling molecules in differentiated Human Skeletal Muscle Cells 
(HSMC). HSMC were obtained from both healthy individuals (mean BMI 28.1+1.3 
kg/n\ fasting blood glucose (FBG 4.9+0.1 mM) and patients with type 2 diabetes 
(mean BMI 35.2+2.1 kg/m\ FBG 8.1+0.6 mM). Results: IG and Hi were 
equip otent in their ability to compete for binding to the insulin receptor, whereas 
IGF-1 bound with only 1% of the affinity of insulin. IG and HI displaced IGF-1 
from its receptor with very low affinity (IG<0.5% affinity of IGF-1). The 
sensitivity cf glucose uptake was greatest to response to IGF-1 and was lower and 
equal for IG and HI. Maximal stimulation of glucose uptake over basal levels wa3 
similar in response to all three ligands m non-diabetic cells, but higher in response 
to IGF-1 in diabetic cells. Stimulation of Akt phosphorylation was more responsive 
to IGF-1, compared with IG and HI, with sensitivities similar to those for 
stimulation of glucose uptake. Thymidine uptake was only marginally stimulated 
by IG and HI, compared to the potent response to IGF-1. MAPK phosphorylation 
was stimulated to a similar degree by all three ligands. Conclusion: We conclude 
that IG is equivalent to HI with respect to metabolic responses and does not display 
augmented mitogenic effects in skeletal muscle. 
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TRANSCRIPTIONAL ACTIVATION OF THE HUMAN INSULIN 
RECEPTOR GENE BY 1.25-DIIIYDROXYVITAMIN Dj. 

B. Maestro, S. Molero, N. Davila, S. Bajo and C. Calle. Dept. Bioqufmica. Fac. 
Medicina. U.C.M. and Hospital C.P.H. Madrid. Spain. 

Background and Aims: We previously demonstrated that 1,25-Dihydroxyvitamin D 3 
(1, 251 ) 3 ) increased insulin receptor (IR) gene expression and insulin binding in U-937 
human promonocytic cells. RNA stability resulted unaltered suggesting an effect on 
transcription. l,25D 3 -treatment also caused an increase in the insulin responsiveness 
of these cells to both glucose transport and glucose oxidation. With these antecedents, 
in the present work we extend our previous studies analysing the possible existence of 
a direct transcriptional effect of 1,25D 3 on IR gene expression in U-937 cells. In 
addition, we study whether the potentiation of insulin action by 1,25D 3 is associated 
to the activation of the insulin signalling system at the level of phosphatidylinositol 3- 
kinase (PI3-kina$e) in these cells. Materials and Methods: The -1819 to -271 
promoter fragment of the IR gene cloned in Bgl II site of pCAT3M vector, kindly 
provided by Drs S.Y. Tsai and G. Elberg, was subcloned into the Bgl II site of a 
pG12-basic vector (Promega) to create the reporter plasmid phIR(l .5)-GL2. Transient 
transfections with this and other positive and negative control plasmids were carried 
out by electroporation of20 x 10 6 U-937 cells at 250 V, 960 pF. After resting for 24 h 
the transfected cells were either untreated or treated for 24 h with 10'* M l,25Dj. 
Then, the cells were collected by centrifugation and the luciferase activity quantified. 
Glucose transport and glucose oxidation were measured at the concentration of insulin 
giving the maximal response: 10 4 M and 10' 7 M ‘respectively, and in the 
absence/presence of two concentrations of the P13-kinasc inhibitor wortmannin: 0.4 x 
I0 4 M and 10 4 M, using both untreated cells and cells treated for 24 h with 1,25D 3 . 
Results: Treatment with 1,25D 3 caused a 1.8-fold transcriptional activation of the 
human IR gene. This activation seems to potentiate the maximal insulin response to 
both glucose transport (1.3-fold) and glucose oxidation (1.6-fold) in these cells. 
Wortmannin caused a greater inhibition of the insulin response to both glucose 
transport and glucose oxidation in l,25D 3 -treated (0.2 - 0.5-fold) than in untreated 
cells (0.1 - 0.3-fold). This suggests an activation of PI3-kinase activity by 1,25D 3 that 
could mediate the potentiation of the insulin response. 
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THE SUBCELLULAR DISTRIBUTION OF INSULIN RECEPTOR SUBSTRATE- 
1 IS MODIFIED IN ADIPOCYTES FROM AGED RATS 

M.Villar'.C.Martinez^J.M.Carrascosa 2 and A.Andres 1 . Area de Bioqufmica,Facultad 
de Qufmicas,Universidad de Castilla-La Mancha,Ciudad Real'; Departamento de 
Biologfa Molecular (CBM-UAM),Univ.Aut6noma, Madrid 2 , Spain. 

Background and Aims: Insulin receptor substrate (IRS) proteins are major substrate 
of the insulin receptor (IR), and it has been suggested that the intracellular location of 
IRS proteins is regulated in a way that may influence insulin action. In adipocytes, 
short term insulin stimulation triggers the release of IRS-1 from the low density 
microsome fraction into the cytosol. Then, defects within the subcellular 
localizations of IRS-1 protein may account for the development of insulin resistance. 
The aim of this work w as to determine the subcellular localization and redistribution 
of IRS-1 after insulin stimulation of adipocytes in an insulin resistance state, as 
aging. Materials and Methods: Adipocytes from male Wistar adult (3-months) and 
old (24-months-old) rats were prepared from epididymal and retroperitoneal fat pads. 
After preincubation for 15 min, the adipocytes were stimulated w ith 80nM insulin for 
the indicated times. Cytosol and internal membranes (LDM and HDM) were isolated 
by differential centrifugation. Cytosolic protein (500pg) was immunoprecipitated 
with anti-IRS-1 and/or anti-PY antibodies. Immunoprecipitates and internal 
membranes (75pg) were analyzed by Western blotting with anti-IRS-1 and anti-PY 
antibodies. The bound antibodies were visualized using the ECL method, and bands 
intensities were quantitated by scanning densitometry of autoradiographs whose 
exposure was in the linear range. Results: Under basal conditions, the content of 
IRS-1 in the adipocytes of old rats is 15% lower and 10% higher in the internal 
membrane (IM) fraction and the cytosol, respectively, as compared to adult rats. 
Insulin promotes the traslocation of IRS-1 from the IM fraction into the cytosol in 
both cases. However, the tyrosine phosphorylation of IRS-1 was decreased by 45% 
and 60% in the IM fraction and the cytosol, respectively, in response to insulin in old 
adult rats. Conclusions: In aging, the inappropriate accumulation of IRS-1 in the 
cytosol may disengage this protein from the IR, resulting in a significant reduction in 
tyrosil-phosphorylated IRS-1 that may cause a state of insulin resistance. 
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EFFECTS OF HUMAN INSULIN AND INSULIN ANALOGUES ON THE 
INSULIN RECEPTOR SIGNALING CASCADE 
Q Seiplcc find J Sandaw, Fmnkfurt-Maixi, Germany. 

Background and alms: Insulin glarjiue is a human insulin analogue with a 
prolonged duration of action. The aim of this study was id compare fee effects cf 
insulin glargine, human insulin (HI). aed the insulin analogue Asp(B10) (which has 
been shown to have increased mitogenic effects via the insulin receptor, in various 
in vitro assay systems; rat adipocytes, rat-1 fibroblasts over-expressing the human 
insulin receptor and fit the purified human insulin receptor). Materials and 
Methods: Insulin receptor binding was studied in ra:-l fibroblasts over-expressir.g 
the human insulin receptor and with purified human insulin receptor. Insulin 
receptor activation was assessed in rat-1 fibroblasts and in rat adipocytes. Results: 
Insulin glzrgine, HI and Asp(QIO) insulin were shown to have similar insulin 
receptor association kinetics. Insulin glargine had slightly slower dissociation 
kinetics compared with HL which is consistent with slightly decreased steady state 
binding affinity and metabolic activity. In contrast, Asp{BlQ) insuliu had delayed 
dissociation kinetics and only partial dissociation over 60 minutes. Insulin recepre; 
autophorphorylation kinetics were similar for insulin glargine end HI, tut were 
delayed and prolonged in response to Asp(BlO) insulin. A similar pattern was 
observed for the dephcsphorylatica kinetics of the insulin receptor end insulin 
receptor substrate IRS-1. Insulin glcrgire was similar to HI in terms of thymidine 
incorporation induced vU insulin receptor acrivaden in rat-1 fibroblasts. Asp(BlO), 
however, induced a higher level cf thymidine incorporation. Conclusion: The data 
presented here show that the characteristics of insulin glorgioe wiih respect to 
insulin receptor binding, activation of initial signalling events, re.fitah nlic activity 
and insulin receptor mediated thymidine incorporation are comparable with those 
of HI. In clear contrast, Asp(B10) insulin has slower receptor dissociation rams, 
prolonged phosphorylation of the insulin receptor end its substrates and increased 
potential for inducing mitogenic effects. 
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Proliferation and IGF-bindino proteins production by fetal hepatocyte 

IS CONTROLLED BY THE DIET OF THE DAM : AN /.V VITRO STUDY 

I. El Khattabi, B. Reusens, F. Gregoire and C. and Remade. Laboratoire de Biol- 

gie Cellulaire, University Catholique de Louvain, Belgium. 

Background: Maternal low protein diet(LP) during pregnancy in rats leads to low 
birth weight, less circulating IGF-I and less IGF-I and -II in pancreatic islets in the 
fetus. Insulin-like growth factors (IGFs) and their binding proteins (IGFBPs) play 
an central role in growth and development. Both proteins are produced by liver 
cells and they are modulated by insulin and glucocorticoids, which are altered by 
the maternal diet. Aim: To study the effect of maternal LP diet on proliferation and 
IGFBPs production by fetal hepatocytes and the regulation by hormones. Methods: 
Pregnant Wistar rats were fed a control (C) diet (20% protein) or a low protein diet 
(8%) throughout gestation. At day 21.5, fetal hepatocytes were cultured during four 
days. Hormones were added from day 0 to day 4. Western Ligand Blot (WLB) 
using [ ,25 I]-IGF-II as ligand and immunoblot using anti-IGFBP-1 and -2 antibodies 
were made on 24h culture media.The bands were quantified by densitometry in 
image analysis. DNA synthesis was estimated by DAPI (diamidinophenylindole) 
method and by the incorporation of ( J H]-thymidine over 24 h periods. Results: 
WLB analysis revealed a band of 30-34 KDa (IGFBP-1 and'or 2) in C as well as in 
LP group which is however two times enhanced in the LP group (p<0.001). The 
immunoblots for IGFBP-1 (p<0.01) and IGFBP-2 (p<0.02) confirmed this pattern 
of increase in LP group. By contrast, maternal LP diet caused a significant 30% 
decrease in DNA synthesis (p<0.05). Addition of insulin at 200 and 1000 nM to 
the culture medium of C hepatocytes induced a decrease in the expression of the 30 
KDa band and an increase in DNA synthesis (p<0.01), while 10 and 100 nM cf 
dexamethasone markedly increased 1GFBP production and reduced DNA synthesis 
(p<0.01). Addition of IGF-I and'or IGFBP-1 revealed that IGFBP-1 alone or in 
presence of IGF-I led to a significant decrease in DNA synthesis, mimicking dex¬ 
amethasone effect Conclusion: Maternal LP diet induces an overexpression in 
IGFBPs associated with an impaired DNA synthesis. These effects are modulated 
by insulin and glucocorticoids which have been found modified by maternal malnu¬ 
trition. These results also suggest that the activity of these two hormones on fetal 
hepatocyte proliferation may involve the regulation of IGFBPs production. 
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DEFECTS OF LIVER GLYCOGEN METABOLISM IN PATIENTS WITH 
AGENESIS OF THE DORSAL PANCREAS 

H. Stingl 1 , W.J. Schncdl 2 , M. KrSSdk 1 , E. Bemroider 1 , M.G. Bischof 1 , G. Pacini 3 , 
WAValdhausl 1 , and MRoden 1 . ] DepL InL Med 3, Univ. Vienna; J DepL InL Med, 
Univ. Graz, Austria; 3 Institute of Systems Science and Biomcd. Engin., Padova, Italy 
Background and Aims: Hepatic glycogen metabolism was studied in a family with 
complete agenesis of the dorsal pancreas. The mother (49 y; BMI: 22.3 kg/m 2 ; 
HbAi c : 7.5%; ~22 units insulin/day) developed insulin-dependent diabetes mellitus 
at the age of 39 years, w hile both of her sons present with normal glucose tolerance 
(21 and 25 y; 21.8 and 21.6 kg/m 2 , HbAi c : 5.0 and 5.3%). Materials and Methods: 
Plasma glucose profiles were obtained in the patients and in sex-, age-, and BMI- 
matched healthy subjects (CON; HbA lc : 5.4±0.2%) for 24 h, during which they 
ingested 3 standard mixed meals. Hepatic glycogen concentrations were determined 
non-invasively during nighttime using in vivo ,r C NMR spectroscopy (3 T/ 80 cm, 
Bruker, Ettlingen, FRG). Net rates of hepatic glycogen synthesis and breakdown 
w ere calculated by linear regression of glycogen concentration-time curves. Rates of 
gluconeogenesis were calculated from the difference of glucose production (D-[6,6- 
? H 2 ]-glucose) and glycogen breakdown. Frequently sampled intravenous glucose 
tolerance tests were performed to assess model-derived parameters of insulin 
sensitivity and secretion. Results: Mean plasma glucose was higher in the diabetic 
mother (12.9±0.4 pmol/1) than in her sons (6.1±0.2 pmol/1) and in CON (5.6±0.1 
mg/dl). Only postprandial peak plasma insulin concentrations were lower in the 
diabetic mother (217 pmol/1) than in her sons (352±6Q pmol/1) and CON (369±26 
pmol/1). Plasma glucagon was not different betw een patients and CON. Peak hepatic 
glycogen was lower in all patients (282±7 vs. 331±8 mmol/1, p<0.001). Similarly, 
glycogen synthesis was reduced by -55% (151±23 vs. 350F70 pmol Timin' 1 , 
p<0.05) and glycogen breakdown by -40% (107±7 vs. 184±19 pmolT^min 1 , 
p<0.02) compared with CON. The fractional contribution of gluconeogenesis was 
higher in patients than in CON (72±2 % vs. 51 ±6 %; p<0.05). Insulin sensitivity was 
lower in the diabetic mother than in her sons and controls [S,: 0.8 vs. ~2.6 x 10 4 min* 
V(pU/ml)]. Hepatic insulin clearance was higher in patients compared with controls 
(6.8±1.3 vs. 2.8L1.0 mi min' 1 -kg' 1 ). Conclusion: Patients with complete agenesis of 
the dorsal pancreas exhibit marked defects of hepatic glycogen metabolism which 
are present even in the glucose tolerant nondiabctic offspring. 


CONTROL OF MUSCLE GLYCOGEN SYNTHASE THROUGH GLYCOGEN 
PHOSPHORYLASE AND PROTEIN TARGETING TO GLYCOGEN 
C. Lerin, E. Montell, M. Garcia-Rocha, J.J. Guinovart and A.M. G6mez-Foix. 
Departament de Bioquimica i Biologia Molecular, Universitat de Barcelona, Marti 
i Franqu£s 1,08028 Barcelona, Spain. 

Background and Aims: Muscle glycogen synthesis is activated by 
dephosphorylation-activation of glycogen synthase (GS), which is mostly 
attributed to protein phosphatase 1 (PP1). PP1 activity is regulated by target 
proteins, such as protein targeting to glycogen (PTG), that determine its location 
and affinity for substrates. PTG directly binds substrate enzymes for PP1, namely 
GS and glycogen phosphorylase (GP), independently of glycogen. This binding is 
presumably regulated but little is known of its mutual interaction and operational 
capacity in vivo. We have previously shown that overexpression of PTG in 
skeletal muscle cells clearly modified the GS activation state, whereas GP was 
only slightly inactivated. Here, we have further examined the interaction betw een 
PTG and GP in vivo by co-expression of these two proteins. Materials and 
Methods: Studies have been performed in human muscle cultured cells 
transduced with adenoviruses. Results: Co-overexpression of GP and PTG caused 
minor changes in GP activation in glycogen-repleted and -depleted cells, 
reinforcing the notion that PTG does not promote PP1 action on GP in muscle 
cells. In contrast, delivery' of PTG and GP caused a marked activation of GS, 
above that attained in cells overexpressing either PTG or GP alone. The effect on 
GS was more apparent in glycogen-depleted cells and was correlated to a 
downward shift in the electrophoretic mobility of GS, indicating 
dephosphorylation of the enzyme. Conclusions: GP enhances PTG-mediated 
activation of GS, although GP itself is not dephosphorylated. Our data suggests 
that interaction of GP with PTG constitutes a stimulatory signal of glycogen 
synthesis, which is maximally operative at low glycogen content. This mechanism 
may contribute to enhancing glycogen resynthesis in muscle. 
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CHARATERISATION OF ISOFAGOMLNE'S INHIBITORY EFFECT ON 
GLYCOGEN PHOSPHORYLASE AND GLYCOGENOLYSIS L\ PRIMARY 
RAT HEPATOCYTES. 

B. Andersen, E.G. Mortensen, M. Winther and N. Westergaard. Department of 
Hepatic Biochemistry, Novo Nordisk. 

Background and Aims: Hepatic glucose production is significantly increased in 
patients with type II diabetes and is therefore an important target for lowering blood 
glucose. Inhibition of liver glycogen phosphorylase (GP) is one approach to lower the 
increased hepatic glucose productioa The effect of Isofagomine, a potent GP 
inhibitor, has been characterized in vitro. Materials and Methods: Glycogen 
phosphorylase (GPa: the phosphorylated form; GPb: the unphosphorylated form) 
activity was assayed in the direction of glycogenolysis and glycogen synthesis. 
Primary hepatocytes were isolated from male Sprague Dawley rats and cultured. 
Glycogen synthesis was induced with insulin and glucose and subsequently basal and 
glucagon-stimulated glycogenolysis was measured. Results: When analyzed in the 
direction of glycogenolysis Isofagomine was found to be a potent inhibitor of rat and 
pig liver GPa with an IC50 of 697 ± 85 nM and 773 ± 9 nM, respectively. Also, 
AMP-stimulated rabbit muscle GPb was inhibited with an IC50 of 1.21 ± 0.18 pM. 
Remarkably, the IC50 value was increased to 279 ± 37 jiM when pig liver GPa was 
analyzed in the direction of glycogen synthesis. The mode of inhibition was found to 
be non-competitive with respect to glucose and caffeine. Likewise, the inhibitory 
effect of Isofagomine was not potentiated in the presence of either glucose or 
caffeine; glucose antagonized the effect of Isofagomine. In primary cultured rat 
hepatocytes Isofagomine inhibited basal and glucagon-induced glycogenolysis dose- 
dependently with an IC50 of 3.0 ± 0.4 pM and 2.0 ± 0.5 pM, respectively. The effect 
of Isofagomine on glycogenolysis was observed with respect glucose production, 
lactate formation, and glycogen levels. Isofagomine had no effect on the enzymes 
involved in the covalent modification of GP: phosphorylase kinase and protein 
phosphatase 1. Moreover, Isofagomine had no effect on phosphorglucomutasc, 
glucose-6-phophatase, while the debranching enzyme was inhibited 10 % at 200 pM 
of Isofagomine. Conclusions: Isofagomine is a potent and selective inhibitor of GP 
and glycogenolysis in hepatocytes. Inhibition of glycogenolysis is a potential means 
whereby the overproduction of glucose by the liver in the diabetic state may be 
reversed. 
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Pharmacodynamic profile of the glycogen phosphorylase inhibitor 1,4-dideoiy- 
1,4-imino-D-arabinitol (DAB) in glucagon-challenged rats, rabbits and dogs. 

P. Mackay, E. Gammelgaard and A. Gjedsted, Novo Nordisk, Bagsvaerd, Denmark. 

Background and Aims: It has previously been shown that DAB inhibits 
glycogenolysis in rat hepatocytes in vitro and reduces glycogenolysis and BG 
excursions in glucagon-challenged ob/ob and lean mice. Here we studied the 
pharmacodynamic effects of DAB in glucagon-challenged rats, rabbits and dogs. 
Materials and Methods: DAB was administered at 0.04-24mg/kg i. v. to 
postabsorptive anaesthetised male Sprague Dawley rats just before an i. v. glucagon 
challenge or p. o. to conscious rats 15 min before a s. c. glucagon challenge and BG 
was monitored to identify ED 10 o values. Those values were used to study the 
pharmacodynamic ti.? by each route by dosing 5-90 min (i. v.) or 15-120 min (p. o.) 
before a glucagon challenge. Danish Land Race female rabbits were dosed i. v. with 
0.1-10mg/kg DAB 10 min before an i. v. glucagon challenge and the ED l0 o value was 
subsequently used to assess t[. 2 . In female Beagle dogs DAB was administered at 
4 mg/kg p. o. 2-5h before i. v. glucagon and the L.* was estimated from the AUC of 
BG. 

Results: A log-linear DAB i. v. dose response relationship was observed in i. v. 
glucagon-challenged rats and l-2mg/kg completely suppressed the 3-4mmol/l BG 
excursion seen with glucagon alone. The BG lowering effect of a DAB dose of 
I.6mg/kg i. v. had an estimated tn of 50 min. When dosed p. o. to rats a log-linear 
dose response was observed, again with 1-2mg/kg DAB completely suppressing the 
BG excursion. A p. o. dose of 1.2mg/kg DAB had an estimated tj.? of 60 min. These 
data suggest very high oral availability of DAB in rats. In rabbits 3mg/kg DAB 
completely suppressed the 3mmol/l glucagon-induced BG excursion. The estimated 
tj 7 of this dose was 5 h. When dogs were dosed p. o. with 4mg/kg of DAB 2 or 3 h 
before glucagon the 3.5mmol/I BG excursion was nearly completely suppressed, with 
lesser effect when dosed 4 or 5 h before. T| 7 was estimated to 4h from the AUC. 
Conclusions: These data suggest that inhibition of hepatic glycogen phosphorylase 
may constitute a novel therapeutic principle in type 2 diabetes patients where elevated 
plasma glucagon reportedly contributes to excessive hepatic glucose output. 
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INHIBITION OF GLYCOGENOLYSIS I IAS NO EFFECT ON 
CLUCONEOGENESIS AND GLYCOGEN SYNTHESIS IN FASTED RATS 
Keld Fosgerau, Jens Breinholt, Kent E. Pedersen, and Niels Westergaard 
Novo Nordisk A/S, DK-2760 Maalocv, Denmark. 

Background and Aims: Suppression of glycogen breakdown may take place via 
allosteric inhibition or by dephosphorylation of glycogen phosphorylase a. The 
latter results in activation of glycogen synthase dependent on the maintenance of 
glucose 6-phosphate levels. L4-dideoxy-l,4-imino-D-arabin?to! (DAB), which 
represents a. novel class of potent glycogen phosphorylase inhibitors, was 
previously shown to inhibit glycogenolysis in vivo without a compensatory 
increase of gluconeogenesis. This may reflect that gluconeogenic glucose was 
stored as glycogen. We therefore investigated the effects of DAB on glucose 
production and glycogen synthesis from gluconeogenic substrates in primary rat 
hepatocytes and in 24-h fasted rats in vivo. Materials 3nd Methods: Hepatocytes 
were incubated in the presence of 15 mM l- ,J C-glucose and 10 nM insulin for 24 
h. Subsequently the cells were incubated in a new medium containing 3 mM 2- 
IJ C-gIycerol, no glucose +/- 2 nM glucagon. In rats ,3 C-enriched lactate (30%) was 
infused to obtain a plasma level of 5 mM together with somatostatin and 
replacement levels of insulin. l3 C-fiItered 'H NMR was applied to identify and 
quantify the position of ,3 C-cnrichment in glucose and lactate. Results: The 
experimental set up in hepatocytes allows estimation of both glycogenolysis and 
gluconeogenesis. The data demonstrated that 25 pM DAB efficiently inhibits 
glycogenolysis by 70% whereas gluconeogenesis appears to be virtually 
unaffected. In vivo we observed no difference in l3 C content of glucose (p = n.s., n 
= 5) w ith (1.41 ± 0.11 %) or w ithout (1.47 ± 0.0S %) DAB. Further, we observed 
no differences in total hepatic glycogen levels with or without DAB in fasted rats. 
Conclusion: DAB inhibited glycogenolysis with no effect on glucose production 
or glycogen sy nthesis from glycerol and lactate in vitro and in vivo. These results 
suggest that inhibition of glycogenolysis could be an effective anti-diabetic 
treatment. 
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DIURNAL CHANGE IN MUSCLE GLYCOGEN IN TYPE 2 
DIABETES AND IN NORMAL SUBJECTS 
P.E. Carey, J.E.M. Snaar, J. Gerrard, P. Morris And R. Taylor. 
Department of Diabetes and Metabolism, University of Newcastle 
and Department of Physics, University of Nottingham. 

Background and aims: To determine diurnal change in tissue glycogen 
stores in relation to insulin sensitivity, subjects with type 2 diabetes of 
over two years duration and age and w eight matched controls have been 
studied metabolically and by magnetic resonance spectroscopy. Methods: 
After breakfast and lunch gastrocnemius muscle glycogen was measured 
2 hourly by magnetic resonance spectroscopy at 3.0 Tesla. On a separate 
day, a short insulin sensitivity test (0.1 units/kg) was carried out with 
fasting calorimetry basally and repeated 20 min after insulin injection. 
Results: After breakfast and lunch muscle glycogen increased above 
basal concentration by 30.2 and 54.3% respectively in normal subjects 
but by only 12.4 and 37.9% respectively in diabetic subjects. In a 
separate group of young healthy volunteers muscle glycogen increased 
above basal concentration by 37.1 and 99.0% respectively. This 
subnormal muscle storage of glucose as glycogen in type 2 diabetes was 
related to insulin sensitivity. Mean Km in the diabetic group was less 
than 50% of that of the controls (0.93 ± 0.41mmol/l/min and 1.97 ± 0.58 
mmol/l/min; p<0.01). Glucose oxidation increased from 0.97 ± 0.47 to 
2.02 ± 0.74 g/min in the diabetic patients, and from 1.26 ± 0.52 to 2.83 ± 
0.36 g/min in controls. Conclusions: The extent of slow and incomplete 
storage of meal-derived glucose as muscle glycogen in type 2 diabetes 
and its relationship to in vivo insulin sensitivity has been shown for the 
first time. 
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Muscle glycogen accumulation correlates with exercise activity irrespective of 
dietary fat content 

KB Rooney, S. McEwan, A. Buckley, J. Phuyal, J. Bryson and C. Thompson. The 
Department of Biochemistry, Sydney University, Australia. 

Background and Aims: Impaired muscle glucose uptake and a reduced ability to 
store glucose as glycogen are central to insulin resistance. Exercise improves insulin 
sensitivity and increases insulin stimulated glucose uptake and glycogen synthase 
activity. High fat feeding has the opposite effect. This study investigated the effect of 
the amount of exercise on glycogen accumulation In quadriceps muscles of rats fed 
either a high fat or normal diet. Materials and Methods: 16 male wistar rats were fed 
a standard chow diet with (TC) or without (SC) access to running wheels, 16 others 
were fed a high fat diet (59% fat) with (TF) or without (SF) access to running w heels. 
An oral glucose tolerance test (OGTT) (3g glucose/kg body weight) was performed 
on day 25 and plasma glucose area under the curve response (GAUC, iriMLmin) 
assessed. Three days later quadriceps muscle was removed for assessment of glucose 
6-phosphate (G6P) and glycogen content, active (O.lmM G6P) and total (lOmM G6P) 
glycogen synthase (GS) activity, GS fractional velocity and glycogen phosphorylase 
a (GPa) activity. Results: Distance travelled was not different between the trained 
groups. Fat feeding increased the GAUC (SC 1112 ± 28 vs SF 1231 ± 31 p = 0.02) 
and training decreased the GAUC (SC vs TC 970 ± 43 p = 0.02, SF vs TF 1082 ± 33, 
p = 0.01). Training significantly increased the quadriceps glycogen content (umols / g 
dry weight) of both groups (SC 105 ± 13 vs TC 143 ± 9 p = 0.03, SF 78 ± 6 vs TF 107 
± 6 p = 0.003). The quadriceps glycogen content in trained rats was significantly 
positively correlated to the distance run over the 28 day period (TC R = 0.82, p = 
0.01, TF R = 0.73, p = 0.04) in both chow and fat fed rats although fat feeding 
produced less glycogen accumulation (p = 0.003). G6P content, total GS and GPa 
activities were similar in all 4 groups. GS fractional velocity decreased in both 
groups, (SC 0.65 ±0.1 vs TC 0.39 ±0.1 p = 0.02). Neither the GAUC nor enzyme 
activities correlated with the distance run. Conclusions: Quadriceps glycogen content 
increased proportionally to the distance traveled, irrespective of the diet. These 
increases in glycogen cannot be simply explained by alterations in GPa GS or G6P. 
Since previous studies have shown increased insulin stimulated glycogen synthase 
activity after training, insulin regulation of glucose uptake and glycogen synthase 
must be critical to the accumulation of glycogen in trained animals. 
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FENOFIBRATE DIRECTLY INHIBITS GLYCOGEN SYNTHESIS OF 
ISOLATED RAT SKELETAL MUSCLE. 

A.Lest, B.Bmnmair, S.Polster, M.Roden, and C.Fumsinn 
DeptMed.ni, Div.Endocrinol.Metab., Univ.Vienna, Austria 

Aims: Fibrates are used for the treatment of lipid disorders and have been 
demonstrated to cany an insulin-sensitizing potential. This study was to investigate 
the direct effects of fibrates on skeletal muscle glucose metabolism. Materials and 
Methods: Soleus muscle strips from Sprague-Dawley rats were incubated for 90 min 
or 24 h in the presence or absence of fibrates. During the last hour, rates of glucose 
metabolism were determined in the presence of insulin. Glycogen content was 
measured after the experiment. Results: 90 min exposure of muscle specimens to 
fenofibrate dose-dcpcndently inhibited insulin-stimulated glycogenesis, which 
resulted in decreased glycogen content (% of an intraindividual control incubated in 
the absence of fenofibrate: net glycogen synthesis : lOgM, -12±5%, p<0.05; 25gM, 
-16±6%, p<0.05; 50gM, -13±5%, p<0.02; 100pM, -26±4%, p<0.001; 200jxM, 
-18±5%, p<0.001; glycogen content . lOgM, -4±3%, ns; 25gM, -13±4%, p<0.02; 
50gM, -7±3%, p<0.05; IOOjiM, -13±3%, p<0.001; 200pM, -10±4%. p<0.02). 
Inhibition of glycogen synthesis by fenofibrate persisted after prolonged exposure for 
24 h (net glveogen svnthesir . lOpM, -7±14%, ns; 25pM, -9±15%, ns; 50pM, -20±8%, 
p<0.05; lOOgM, -17±7%, p<0.05; 20Q]iM, -27±7%, p<0.005; glycogen content . 
IOjiM. -8±9%, ns; 25pM, -9±10%, ns; 50pM, -22±5% p<0.001; lOOgM, -20±5%, 
p<0.001; 2Q0 jjJv 1, -28±4%, p<0.001). Glucose oxidation, anaerobic glycolysis, and 2- 
deoxy-glucose transport were determined in parallel, but remained unchanged, and 
other fibrates failed to exhibit glycogenolytic action (exposure to lOOpM of the 
respective fibrate for 90 rain: net glycogen s\mthesis : clofibrate, -7±14%, ns; 
ciprofibrate, -9±15%, ns; bezafibrate, +13±21%, ns; glycogen content , clofibrate, -2± 
7%, ns; ciprofibrate, -6±5%, ns; bezafibrate, -3±14%, ns). Conclusions: Fenofibrate 
directly inhibits glycogenesis in skeletal muscle in vitro. Failure of other fibrates 
suggests a fenofibrate-specific mechanism of action, and, hence, the involvement of a 
pathway different from that addressed by all fibrates to improve lipid metabolism. 
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Insulin interaction with prior exercise in promoting glycogen synthesis in 
different muscles and liver: implications for exercise-mediated changes in insulin 
sensitivity. 

S. Pye and J. Radziuk. Dept, of Medicine, Ottawa Hospital, Ottawa, Canada 
Background and Aims: Exercise is thought to improve insulin sensitivity. Following 
acute exercise, this observation has not been consistent To determine whether this might 
be due to a summation of non-uniform effects in different tissues, glycogen synthesis in 
response to insulin was evaluated in different muscles and liver in rats, following a 4h 
swim. Materials and Methods: Four groups of Sprague-Dawley rats (200-230g) 
underwent: (i) a 4h swim followed by a 3h recovery, SR; (ii) a 4h swim followed by a 3h 
insulin infusion (29pmol/kg-min), SI; (iii) 4h rest + 3h 'recovery 1 , RR; (iv) 4h rest + 3h 
insulin infusion, RI. Glucose was clamped at basal during insulin infusions and [6- 
3H]gIucose was infused during the study. Plasma tracer and glucose were measured during 
the 3h recovery or insulin infusion. At termination, the rats were sacrificed and soleus (S), 
white (\VG) and red (RG) gastrocnemii, and liver were freeze-clamped. Total and labeled 
glycogen were determined. New synthesis was calculated from [3H] glucosyl content of 
glycogen divided by glucose specific activity during recovery (+/- insulin). Insulin 
sensitivity was estimated from the ratio of glucose metabolic clearance (MCR) and insulin 
levels. Statistical analysis was performed using one-way analysis of variance. Results: 
After exercise, insulin was similar: 51I+/-177 pM for RI vs 567+/-105 for SI (p>0.1) but 
MCR increased from 26+/-4 to 41+/-4 ml/kg-min (p<0.05), indicating an increase (-50%) 
in insulin sensitivity (pH).0S). Total glycogen rose or remained unchanged after exercise 
(relative to RR) in all muscle groups, except in SR where it decreased. New glycogen 
synthesis (mg/g tissue) in liver, soleus, RG and WG was found to be as follows: RR: 
0.1+/-0.1, 0.9+/-02, 0.3+/-0.1 and 0.1+/-0.1; RI: 0.5+/-0.2, 3.0+/-0.4,3.0+/-0.8, 0A+/-O2; 
SR: 0.4+/-0.2, 0.7+/-03, 1.2+/-0.4** and 0.9+/-0.2**; SI: 1.9+/-0.4, 3.0+/-0.4, 8.8+/-0.8 
and 5.1+/-0.2. To determine any synergistic effects of insulin, SI was also compared to the 
additive effects of prior sw imming and insulin (SR+RI-RR): 0.8+/-0.2*, 2.8+/-0.4, 3.9+/- 
0.8*, 1.2+/-0.2* (• p<0.05, SI vs SR+RI-RR, ** p<0.05, SR vs RR). Conclusions: 
Insulin-stimulated new glycogen synthesis was enhanced synergistically (2-3 fold that 
expected from additive effects alone) by prior exercise in those muscle groups (WG and 
RG) where exercise alone increased glycogen synthesis. The effect was present but 
smaller in liver. Thus the differential nature of the effect of exercise on insulin action on 
glyocgen synthesis in different tissues, likely attenuates the overall change in systemic 
insulin sensitivity. 
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QUANTITATION OF GLYCOGEN PHOSPHORYLASE ISOFORMS 
EXPRESSION IN NORMAL AND INSULIN RESISTANT RAT 
TISSUES 

T.Gorman and I.D.Waddell 

Cardiovascular & Gastrointestinal Research Department, AstraZeneca 
Pharmaceuticals, Mereside, Alderley Park, Macclesfield, Cheshire. 
SK10 4TG U.K. 

Aims: Glycogen phosphorylase (GP) is a key enzyme in the regulation 
of hepatic glucose output. This work aimed to determine the level and 
pattern of expression of the liver, skeletal muscle and brain isoforms of 
glycogen phosphorylase within normal AP Wistar and insulin resistant 
Zucker rat tissues. Materials and Methods: Isoform specific 
quantitative RTPCR was carried out on cDNA synthesised from total 
tissue RNA using a Lightcycler machine (Roche). Tissues studied were 
liver, skeletal muscle, brain, heart, kidney and lung. Results: The major 
isoforms expressed in liver, skeletal muscle and brain tissues were liver 
(76% AP/57 %Zucker), skeletal muscle (73%AP/50%Zucker) and brain 
(62%AP/51%Zucker) respectively. The isoforms were differentially, but 
also simultaneously expressed in ail tissues studied. There was no overt 
difference in the pattern or level of expression of any of the isoforms 
between normal and Zucker rat. Conclusions: The insulin resistance 
and impaired glucose tolerance seen in the Zucker fa/fa rat is not 
associated with any alteration in GP isoform mRNA expression levels. 
The presence of multiple enzyme isoforms in the tissues studied would 
suggest attempts to reduce hepatic glucose output by specific inhibition 
of the liver GP isoform could result both in additional effects on the 
isoform expressed elsewhere and sub-maximal inhibition of hepatic GP 
activity due to compensatory action of the non-targeted isoforms. 
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IN VIVO AND IN VITRO EFFECTS OF THE HEPATIC GLUCOKINASE 
GENE PROMOTER -258 A VARIANT ON PROMOTER ACTIVITY AND 
INSULIN SENSITIVITY- CONTROVERSY REVISITED 

N. Watl.W Zhangl, M Zhang 1, ED Janus2, SSM Chung3, KSL Laml 
Department of Medicine!, Clinical Biochemistry Unit2 and Institute of Molecular 
Biology3, University of Hong Kong, Hong Kong, China 

Background and Aims: The -258 G-A variant of the glucokinase (GCK) gene hepatic 
promoter has been reported to be associated with impaired promoter activity in vitro and insulin 
resistance in vivo in a small cohort of African-Americans with normal glucose tolerance 
(NGT). In this study, we have at tempted to resolve the controversy of non-reproducible in vivo 
finding in other ethnic populations. Materials and MethodsiWe studied 318 unrelated Chinese 
subjects (aged 50.7+/-12.0 years;mcan+/-SD) with NGT (M7F=43%:57%) according to WHO 
(1985) diagnostic criteria. Fasting and 2-hour plasma glucose and insulin levels were measured 
during a 75-g oral glucose tolerance test. The Homeostasis Model Assessment of insulin 
resistance (HOMA-IR), was calculated. Genotype frequency was determined by AccI 
restriction fragment length polymorphism. PGL3 vector (with a luciferase report gene 
containing a 0.7 kb (-1 to 700 including the mutant site) or a 1.7 kb fragment (including an 
upstream liver specific enhancer -1000 to -700) of glucokinase promoter was transfected into 
HepG2 cells along with pGL3-GCK promoter clones and pCMVb-gal internal control plasmid 
The wild-type (WT) and mutant clones w ere confirmed by sequencing. Cells were harvested in 
lysate buffer containing protease inhibitors after 72-hour transfection. The luciferase and b-gal 
activities were assayed using Promcga assay kits. Results:The mean promoter activity was 
3058 U* (100%) in the (WT) (GG) and 1788 U (58%) in the mutant (AA) for the 0.7kb 
fragment (n=3); 6934 U (100%) in the WT (GG) and 6958 U (100%) in the mutant (AA) for the 
1.7kb fragment (n=2). Fasting and 2-hour insulin levels and HOMA-IR were not significantly 
different betw een subjects with the A allele (allele frequency 0.24) (5.50 +/- 0.32 vs 5.36+/- 

O. 23 mU/L for GG, 51.20+/- 5.61 vs 53.49+/- 3.82 mU/L for GG, I.25+/-0.07 vs 1.21 +/-0.05 
for GG respectively, mcan+/-SEM) and those with the GG genotype. Conclusions: These data 
suggest that the -258 hepatic glucokinase gene promoter variant is not associated w ith insulin 
resistance in Chinese subjects with normal glucose tolerance, similar to finding in Danish 
Caucasians. In the hepatic glucokinase gene, while a short fragment of promoter containing this 
variant has decreased promoter activity, any upstream liver specific enhancer in the promoter 
can lead to the negation of this effect resulting in no observable reduction in insulin sensitivity 
in vivo. 

* arbitrary unit after adjustment for b-galactosidasc activity and amount of protein 
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Do postprandial lipoproteins regulate adhesion molecules T 
S. Moreno, BS Battula, D. Owens, P. Collins, GH Tomkin. Department of 
Biochemistry Royal College of Surgeons, Department of Diabetes and 
Endocrinology, Trinity College Dublin., Adelaide and Meath Hospital Dublin 

Background and AimsiType 2 diabetes is associated with up to 5-fold increase in 
atherosclerosis. Adhesion molecules are a marker for atherosclerosis.. Regulation of 
gene expression by fatty acids depends on fatty acid structure, and w r e have previously 
demonstrated major alterations in the postprandial lipoproteins in diabetic patients 
particularly on a Iinoleic acid diet. The purpose of this study w f as to explore the 
relationship between postprandial lipoproteins and adhesion molecules on different 
fatty acid diets. Materials and Methods: Nine type 2 diabetic and 9 non-diabetic 
subjects (HbAlc 7.0+1.0%) were examined 4 weeks after the start of a diet enriched 
with either oleic or Iinoleic acid in a randomised cross-over study. Fasting and 
postprandial blood samples were taken following an 1100 kcal fat-rich meal at the end 
of each dietary period. Vascular cell adhesion molecule-1 (VCAM-I), intracellular 
adhesion molecule-1 (ICAM-1) and e-selectin were measured by Elisa. Apo B48 and 
apo B100 were measured by gradient gel electrophoresis following 
ultracentrifugation. Results: Adhesion molecules were not significantly different 
between diabetic and control subjects. For the diabetic patients ICAM on the Iinoleic 
acid diet was 317±44 ng/ml plasma vs 290+35 ng/ml plasma on oleic acid. VCAM 
was 388+73 on Iinoleic acid vs 403+123 ng/ml on oleic acid and e-selectin was 49+20 
on Iinoleic acid vs 54+28 ng/ml on oleic acid. There was a significant increase in 
chylomicron apo B48 (p<0.05) and therefore of chylomicron number, in diabetic 
patients on the Iinoleic acid diet. There was no correlation between HbAlc or blood 
sugar and any of the adhesion molecules. There was a significant positive correlation 
between postprandial chylomicron apo B48 and e-selectin on Iinoleic acid (r=0.47, 
p<0.05) and oleic acid (rO.49, p<0.05) diets and also between postprandial 
chylomicron apo B100 and e-selectin on Iinoleic acid (r=0.45, p<0.05 ) and oleic acid 
(r=0.5, p<0.05). Chylomicron apo B48 was significantly related to ICAM on oleic 
acid diet (r=0.68, p<0.001). There was no significant con-elation between any of the 
postprandial lipid components of the chylomicron and the adhesion molecules 
measured. Conclusions:This study suggests that adhesion molecules may in part be 
regulated by postprandial lipoproteins and that the fatty acid composition of the diet 
may influence this regulation. 
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REGULATION OF BLOOD GLUCOSE METABOLISM IN MICE 
EXPRESSING HIGH AND LOW HEPATIC GLUCOKINASE ACTIVITY 

B Leighton, A.A. Atkinson, II. Vertigan, K.J. Brocklehurst and I.D. Waddell. 
CV&GI Discovery Department, AstraZeneca Pharmaceuticals, Mereside, 
Alderley Park, Macclesfield, Cheshire. SK10 4TG U.K. 

Background and Aims: Glucokinase (GLK) is a key regulatory enzyme in 
hepatic glucose storage and pancreatic insulin secretion and enzyme 
mutations can cause a form of MODY. Strains of mice have a two-fold 
difference in hepatic glucokinase activity, with C3II being high and C58 is 
low. Oral fructose administration to mice will lower blood glucose levels 
immediately after an oral glucose load (possibly via release of GLK from its 
regulatory protein (GLKRP)through formation of fructose-1-phosphate). We 
determined the effect of an oral fructose administration to C3II and C58 mice 
on plasma glucose levels and related these results to levels of GLKRP levels 
in the liver. Both strains of mice w-ere given, orally, glucose (2 g/kg) or 
glucose and fructose (both at 2 g/kg). Results: The plasma glucose levels 
after glucose administration were 20.83 +.0.97 versus 18.32 ± 1.00 mM 
(P<0.09) in C3H and C58 mice respectively. Fructose significantly lowered 
the glucose levels in the C3II mice from 20.83 ± 0.97 to 17.22 ± 1.03 mM 
(P<0.009) but did not significantly lower blood glucose levels C58 mice 
(18.32 + 1.00 versus 16.41 ± 0.78 (P<0.075). Plasma lactate levels were 
significantly higher in C3H mice versus C58 mice (6.20 + 0.60 versus 4.02 ± 
0.34 (P<0.005). Administration of fructose did not affect plasma lactate 
levels in either strain of mice. 

Conclusions: Mice (C3II) w r ith higher levels of liver glucokinase activity 
were able to decrease elevated blood glucose levels when given fructose 
orally. C3H mice have also higher expression levels of GLKRP than C58 
mice which suggests that the level of expression GLK and GLKRP may play 
a role in hepatic glucose handling. 
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Title: STIMULATION OF HUMAN MUSCLE GLYCOGEN 
PHOSPHORYLASE GENE EXPRESSION BY UNSATURATED FATTY 
ACIDS. 

M. Marotla and A M. Gomez-Foix. Departament dc Bioquimica i Biologia 
Molecular. Universitat de Barcelona. 0S028 Barcelona. Spain. 

Background and aims: Muscle glycogen phosphoiylasc (MGP) expression 
is elevated in obesity-associated human type 2 diabetes. Hormones, such as 
epinephrine or insulin, have been suggested to participate in the induction of 
the gene. In this study, we examined the possibility that increased MGP gene 
expression was due to regulation by unsaturated fatty acids and the 
mechanism of such effect. Methods: Muscle cultures were established by 
growth and differentiation of myoblasts obtained from human biopsies; total 
MGP activity was determined in total cell extracts in the presence of the 
activator AMP; [U- M CJ-gIycogen was isolated from total cell extracts by 
precipitation in cold 66% ethanol. Results: When human skeletal muscle 
cells were incubated for 16 h with 0.5 mM oleatc sodium salt, total MGP 
activity was increased from 46 ±3 to 69 ±5 mU/mg protein, whereas 
treatment with palmitate had no effect. Consistently, (U- 14 C)-glucose 
incorporation into glycogen decreased in oleate-treated cells. Sequence 
analysis of the human MGP promoter revealed the presence of a putative 
peroxisomal proliferator response element (PPRE) that could be involved in 
such effect. Thus, the modulation of MGP activity levels in response to 
peroxisome proliferator-activated receptor (PPAR) ligands was studied. 
Incubation of cells with a selective PPARgamma ligand increased MGP 
activity, whereas a PPARalpha ligand showed no effect. A MGP promoter- 
GFP reporter construct was delivered to muscle cells by means of adenovirus. 
The promoter activity was increased after treatment with oleate, Iinolcate or 
PPAR agonists. Conclusions: Our data shows that MGP gene expression is 
stimulated by unsaturated fatty acids. The presence of a PPRE in the MGP 
promoter and its sensitivity to PPARs suggests that the effect of unsaturated 
fatty acids involves PPAR-mediated transcriptional effects. 
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Altered postprandial responses in type 2 diabetes 
N Nlohanlal and R. R. Holman. 

Diabetes Trials Unit, OCDEM, University of Oxford, UK 

Background and Aims: People with type 2 diabetes are at increased risk of coronary 
heart disease (CUD), which may in part be due to altered postprandial metabolic 
responses. Alterations in lipoprotein clearance have been demonstrated in diabetic 
patients with fasting hypertriglyceridaemia, however a standardised method of 
examining postprandial Hpaemia is not available. We have developed an Oral 
Triglyceride Tolerance Test (O i l I) which has been used to investigate post 
challenge metabolic changes in patients with stable type 2 diabetes. Materials and 
Methods: A 200 ml test drink containing 50g long chain triglyceride emulsion and 
50g maltodextrin was administered to 30 type 2 diabetic subjects treated with diet 
alone (n=10), sulphonylurea (n=10), or metformin (n=10) and 20 non-diabetic 
subjects. Plasma lipid profiles, non-esterified fatty acid (NEFA), glycerol, glucose and 
insulin levels were measured fasting and post challenge two hourly for eight hours. 
Results: The diabetic and non-diabetic subjects were, respectively, mean (SD) age 
55.5 (7.4) and 52.1 (9.0) years, BMI 32.7 (6.2) and 27.9 (5.6) kg/m2, geometric mean 
(1 SD range) triglyceride 1.47 (0.91 to 2.4) and 0.80 (0.52 to 1.25) mmo!/L with, in the 
diabetic subjects, mean HbAlc 7.6 (1.2) % and fasting plasma glucose 9.1 (2.7) 
mmol/L. Diabetic subjects exhibited significantly higher geometric mean triglyceride 
levels at all time points compared to non-diabetic subjects, the greatest difference 
being at six hours (1.96 (1.2 to 3.3) vs 1.05 (0.6 to 1.8) mmol/L, p=0.0002). Six hour 
triglyceride correlated strongly with fasting triglyceride (r=0.89, p<0.0001) and 
incremental triglyceride AUC correlated with fasting plasma glucose (r=0.28, 
p=0.043). Diabetic subjects had higher mean glycerol at six hours (13.4 (5.5) vs 9.3 
(2.0) mg/dL, p<0.002) and higher incremental mean AUC NEFA (p<0.01). Post 
challenge geometric mean insulin levels were highest (peak 300.3 (184.5 to 488.7) vs 
192.4 (90.4 to 409.5) pmol/L, p^0.025) at two hours and more prolonged in diabetic 
subjects, but returned to baseline by eight hours. Conclusions: Exaggerated post 
challenge triglyceride, glycerol, NEFA and insulin changes are evident even in 
patients with moderately well-controlled type 2 diabetes. Metabolic abnormalities in 
the postprandial state may contribute, through accelerated atherogenesis, to the 
increased risk of CHD seen in these individuals. 
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HYPERLIPIDEMIA AND GLUCOSE LEVEL CONTROL IN TYPE 2 
DIABETES MELLITUS PATIENTS FROM WEST OF MEXICO. 

P. Nufio-Gonzalez, B. Ruiz, S. Godinez, J. Segura and A. Panduro. Departments 
of Molecular Biology in Medicine, Gastroenterology, and Endocrinology. Civil 
Hospital of Guadalajara, and Department of Physiology, Health Sciences Center, 
University of Guadalajara. Mexico. 

Background: The most common pattern of dyslipidemia in type 2 DM is 
increased triacylgliceride levels and decreased HDL cholesterol. Also it is 
believed that control of glucose levels may improve the dyslipidemic stage. The 
aim of this study was to determinate the different hyperlipidemias present in 
patients with type 2 DM from the west of Mexico and analyze the lipid profile 
associated to serum glucose levels. Materials and methods: One hundred six 
patients (55.3±10.4 years old) with type 2 DM and 436 healthy volunteers (HV) 
(45.92 ±16 years old) were studied. Serum lipid profile, glucose and HbAlc 
were analyzed using conventional biochemical methods. Patients were classified 
in groups according fasting serum glucose levels: 1) <140 mg/dl; 2) 141-180 and 
3) > 180 mg/dl. The hyperlipidemia was analyzed according to Fredrickson 
classification. Results: Eigthy three percent of patients with type 2 DM presented 
dyslipidemia vs 39.4% in HV group (p<0.000001). Twenty six percent of the HV 
group presented type II hyperlipidemia, whereas in diabetic patients 
hyperlipidemia type III and IV were more common with 28% and 23% 
respectively. The frequency of hyperlipidemia in patients with type 2 DM was no 
different between groups according to glucose levels. A negative relationship 
was found between glucose levels and apo A-l (correlation coefficient = -0.59, 
p<0.01). Conclusions: Control of glucose levels not necessarily improves the 
dyslipidemia, suggesting that specific measures have to be taken for 
dyslipidemia treatment in type 2 DM patients. This study also suggest that lipid 
glucose level facilitate HDL uptake by the liver, decreasing apo A-I levels and 
increasing the risk for cardiovascular disease. 


631 

ROSUVASTATIN ALONE AND LN COMBINATION WITH FENOFIBRATE 
IN HYPERLIPIDAEMIC PATIENTS WITH TYPE 2 DIABETES 
P. Durrington', A. Hamann 2 , J. Tuomilehto 3 , K. Smith 4 and D. Kallend . 'University of 
Manchester, Manchester, UK; 2 Universitat Heidelberg, Heidelberg, Germany; 

National Public Health Institute, Helsinki, Finland; ^AstraZeneca, Alderley Park, UK. 
Background & Aims: This double-blind, multinational, multicentre study 
(4522IL/0036) compared the efficacy of rosuvastatin (ROS; Crcstor™) in reducing 
triglyceride (TG) levels with that of fenofibrate (FEN) and 2 ROS+FEN combinations 
in Type 2 diabetic patients with hypertriglyceridaemia. Materials & Methods: After a 
6-wk dietary lead-in, 216 diabetic men and women (>18yrs; fasting TG >2.26 but 
<9.03mmoI/L; total cholesterol (TC) >5.17mmol/L; HbAlc <107c) were"randomised to 
ROS 5 or lOmg, or 1 of 2 placebo (PLA) arms for 6wks. Patients with low-density 
lipoprotein cholesterol (LDL-C) ^1.3 mmol/L were then force-titrated in an 18-w k, 
open-label phase as follows: PLA group 1 received ROS (three 6-wk periods at 10,20, 
then 40mg/d); PLA group 2 received FEN 67mg (od, bd, then tds); and ROS 5- and 
10-mg groups continued to receive the same dose plus forced-titrated FEN 67mg. 
Pairwise t-tests (ANOVA) were used to compare force-titrated ROS with other 
treatment regimens. Results: At wk 6, ROS 5 and lOmg significantly reduced TG, 
LDL-C, TC, and Apo B and increased high-density lipoprotein cholesterol (HDL-C) 
over combined PLA group (pcO.001). Lipid results at wk 24 of the forced-titration 
phase are shown below (Table). AH treatments, including ROS+FEN combinations, 
were well tolerated over 24wks. Conclusions: The ROS lOmg+FEN combination 
yielded a greater reduction in TG than those seen with the other treatments, with a 
significantly greater reduction over force-titrated ROS. Force-titrated ROS and FEN 
were similarly effective in reducing TG levels. Both ROS 5 and lOmg improved the 
atherogenic lipid profile in Type 2 diabetic patients. 



ROS 

FEN 

ROS 5mg od+ 

ROS lOmg od+ 

Lipid 

40mg od 

67mg tds 

FEN 67 mg tds 

FEN 67mg tds 

Parameter 

(n=51) 

(n=49) 

(n=60) 

(n=53) 

TGBL(SD) 

3.6 (1.0) 

4.2 (1.8) 

3.5(1.2) 

3.5 (1.3) 

Wk 24 %A (SE) 

-30(4) 

-34 (4) 

-41(4) 

-47* (4) 

LDL-C BL (SD) 

3.7 (0.7) 

3.7 (0.8) 

3.9 (0.8) 

3.9 (0.8) 

Wk 24 %A (SE) 

-17 (3) 

1*(3) 

-34* (3) 

-42(3) 

TC BL (SD) 

6.2 (0.7) 

6.3 (0.9) 

6.5 (0.8) 

6.4 (0.9) 

Wk 24 %A (SE) 

-37(2) 

-7* (2) 

-31(2) 

-36(2) 

HDL-C BL (SD) 

1.0(0.2) 

1.0 (0.2) 

1.1 (0.2) 

1.0 (0.2) 

Wk 24 %A (SE) 

6(2) 

9(2) 

11(2) 

12(2) 


•p^0.017 vs ROS 40mg od JNB: Prcspccified level of statistical significance controlled for multiple 
comparisons); BL = baseline [NB: Baseline values in mmol/L); = percentage change from baseline 
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INSULIN FAILS TO NORMALIZE FREE FATTY ACID CLEARANCE IN TYPE 
2 DIABETES: A POSSIBLE FACTOR FOR PREMATURE ATHEROSCLEROSIS 
C. Meyer, H.J. Woerle, E. Popa, J. Dostou and J. Gerich. University of Rochester, 
NY, USA 

Background and Aims: Premature atherosclerosis frequently occurs in type 2 
diabetes (T2DM) despite near optimal glycemic control. This has been partially 
attributed to persistently impaired metabolism of triglyceride rich lipoproteins (TRL) 
due to elevated plasma free fatty acids (FFA). Increased fasting plasma FFA in 
T2DM are due to reduced FFA clearance (C) since FFA release has uniformly been 
shown to be normal. We therefore assessed whether acute insulin infusion, which 
produces normoglycemia, would also normalize FFA C in T2DM. Materials and 
Methods: We determined plasma concentrations, systemic turnover (T) and C of 
glucose and FFA i .ing tracer techniques (6 3 H glucose and 9,10 3 U palmitate) in 28 
subjects with T2DM with (DM+, n = 10) and without an algorithm based variable 
overnight insulin infusion (DM-, n = 18) to restore fasting normoglycemia as well as 
in 24 matched nondiabetic controls (NC). Results: Overnight insulin normalized 
plasma glucose in DM+ (5.3 ±0.1 vs 9.3 ± 0.6 in DM- and 5.2 ± 0.1 mM in NC) and 
resulted in -2-fold greater plasma insulin levels (—135) compared to DM- and NC 
(--60 pM). Glucose T and C were normalized by insulin in DM+ (10.1 ± 0.7 and 1.93 
± 0.16 vs 14.6 ± 0.8 and 1.63 ± 0.08 in DM-, both p < 0.01 and vs 10.6 ± 0.4 
pmol/kg/min and 2.05 ± 0.06 mLlcg/min in NC, both p > 0.7). Plasma FFA decreased 
in DM+ (450 ± 45 vs 613 ± 33 pM in DM-, p < 0.05) and were comparable to values 
in NC (476 ± 42 pM, p > 0.9). In contrast, FFA C remained -50% reduced in DM+ 
(7.2 ± 1.0 vs 11.4 ± 1.2 ml/kg/min in NC, p < 0.05) and was similar to DM- (7.3 ± 
0.5 ml/kg/min). The reduction in plasma FFA in DM+ was due to the suppression of 
FFA T below normal (4.04 ± 0.45 vs 5.40 ± 0.27 in DM- and vs 5.25 ± 0.25 in NC, 
both p < 0.04). Conclusions: Infusion of insulin, which restores normoglycemia, 
normalizes glucose T and C but fails to normalize FFA C in T2DM. This may be an 
important factor for premature atherosclerosis and suggests a fundamental defect in 
T2DM. 
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Gene Expression of Cytosolic Phospboenolpjruvate Carboiy kinase In Subcutaneous 
Adipose Tissue Positively Correlates with Body Mass Index and Plasma Triglyceride 
Level 

T.J.Chang, W.J.Lec, L.MChuang. Department of Internal Medicine and Graduate Institue of 
Clinical Medicine, College of MEdicine, National Taiwan University, Taipei, Taiwan 
Background and Aims: Increased visceral adiposity is a strong risk factor for insulin 
resistance, diabetes, and mortality from artcrioscelerotic disease. Free fatty acids (FFA) and 
glycerol released by increased omental fat is also a risk factor for insulin resistance syndrome. 
On the other hand, phosphocnolpyruvatc carboxykinase (PEPCK) is the rate-limiting enzyme of 
gluconcogcncsis in the liver and kidney and of glyceroneogenesis in white and brown adipose 
tissue under tissue-specific regulations. Glyceroneogenesis is required for rc-csterification of 
FFA to maintain an active of level of triglyceride synthesis even during period of net lipolysis. 
Based on our understanding of insulin resistance syndrome, wc will test whether PEPCK gene 
expression in visceral fat or subcutaneous fat is different between obese patients and non-obese 
patients without diabetes and whether PEPCK gene expression correlates with serum level of 
insulin, triglyceride, fasting glucose, and the degree of insulin sensitivity’. Mterials and 
Methods: Twenty-two non-obese non-diabetic subjects undergoing laparotomy for the benign 
intra-abdominal diseases were recruited. Seventy-six obese (BMI>=30) con-diabetic subjects 
undergoing laparotomy for gastric partitioning were recruited. During laparotomy, 
subcutaneous and visceral fat were obtained. Then real-time quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) for cytosolic PEPCK gene were performed to quantify the 
gene expression level of PEPCK gene in the two different adipose tissues. Results: There arc 
higher expression level of PEPCK gene in subcutaneous adipose tissue (obese: 4.6±7.6, non- 
obese: 1.46±1.6), BM1 (obese: 40.0±6.0, non-obese: 23.3±3.6), fasting plasma sugar level 
(obese: 98.4±12.8, non-obese: 92.6±13.1), fasting cholesterol level (obese: 199.5±32.8, non- 
obese: 156.7±25.6), fasting triglyceride level (obese: 193.7±128.2, non-obese: 68.3±24.9), 
fasting insulin level (obese: 21.3±11.8, non-obese: 15.4±15.7), and HOMA IR index (obese: 
5.1±2.9, non-obese: 3.6±3.6) in obese subjects than that in non-obese subjects. PEPCK gene 
expression level w as positively correlated with BMI (r=0.324, p=0.004) and fasting triglyceride 
concentration (r-0.278, p=0.014). Conclusions: In this study, obese subjects have higher 
PEPCK gene expression in subcutaneous adipose tissue, fasting plasma sugar level, fasting 
triglyceride level, and HOMA IR index than that in non-obese subjects. Besides, PEPCK gene 
expression level in subcutaneous adipose tissue was positively correlated with BMI and fasting 
triglyceride level. Therefore, we inferred that PEPCK gene expression in adipose tissue may 
play a role on the pathogenesis of insulin resistance. 
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Protein bound but not free leptin is related to sympathetic outflow in non-obese 
subjects. 

G. Brabant*, J. Jordan#, R. Horn*, B. Kiuck*, A.M. Sharma#, F.C. Luft#, J. Tank# 
Dept, of Endocrinology*, MH-Hannover and Clinical Research Center#, Franz 
Volhard Clinic, Humboldt University, Berlin, Germany 

Background and Aims: Animal studies suggest a strong dose-dependant interaction 
between leptin and sympathetic nervous system activity (SNS). In humans data on a 
correlation of leptin levels and SNS activity are conflicting. Here we tested the 
hypothesis that components of the leptin system levels are related to basal 
sympathetic activity. 

Materials and Methods. In 14 healthy subjects (10 male, 4 female, 27±7 yrs, BMI: 
23±3 kg/m2) free and protein bound leptin was measured by specific RIA as 
previously described. Basal and stimulated SNS activity was determined by 
microneuronographic measurement of muscle sympathetic nerve activity (MSNA). In 
addition ECG, blood pressure, and respiration were measured continuously. Subjects 
underwent handgrip testing (3 min, 30 % maximum voluntary contraction), cold 
pressor testing (1 min), and incremental sodium nitroprusside infusions (snp; 0.2, 0.4, 
0.8, and 1.6 pg/kg/min). Total, free, and bound plasma leptin levels w-ere measured at 
baseline, before and immediately after handgrip testing, 10 min after handgrip testing, 
and after snp infusion. 

Results: The R-R interval decreased from 984±125 ms at baseline to 689169 ms 
during snp (P<0.001). Blood pressure was 113±7/68±8 mmHg at baseline and 
104±3/5I±3 mmHg during snp. MSNA increased to 21Q±77 % during snp infusion. 
Neither total nor free or bound leptin concentrations change during stimulation. 
However, MSNA (bursts/100 heart beats) was significantly correlated with bound 
leptin concentration (r2=0.48, P<0.05) but not with free leptin levels (r2=0.00, n_s.). 
Conclusions: Our data suggest that bound but not free or total leptin levels are 
correlated with basal sympathetic outflow in normotensive, non-obese subjects. This 
fits to the close correlation demonstrated previously between bound leptin and resting 
energy expenditure and suggests that bound leptin may reflect basal SNS activity. 
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Insulin Resistance and Postprandial Lipoprotein R cmnant Particle Accumulation 
Precedes other metabolic and Body Compositional Changes in the Pre-Diabetic men. 
E.R Johanson, U. Smith, MR. Taskinen, P.A. Jans son, L. Lonn, M. Axelsen. Lundberg 
Laboratory for Diabetes Research, Dept of Body Composition and Metabolism, 
University of Goteborg, GOteborg, Sweden. 

Background: Several perturbations are demonstrated in first-degree relatives of type 2 
diabetes. Correctly defining the primary defect may improve the means of intervention in 
order to prevent type 2 diabetes and its sequels. 

Material and Methods: In this cross-sectional study we recruited 17 non-diabetic men 
with at least two first-degree relatives with type 2 diabetes. They were individually 
matched with 17 control subjects without known diabetes heredity for: age (48±5 vs. 48±7 
y), body mass index (26.6±2.5 vs. 26.2±2.5 kg/m2) and fasting triglyceride level 
(1.07±0.38 vs. 1.02±0.31 mmol/1). The fasting glucose level at screening was normal in 
both groups (4.8±0.3 vs. 4.7±0.5 mmol/1). The investigations performed were intravenous 
glucose tolerance test (IVGTT), euglycemic hyperinsulinemic clamp (60 mU/m2/min), 8-h 
meal tolerance test (919 kcal, 51 g fat) during which lipoproteins were separated by 
density gradient ultracentrifugation, peak V02 and computerized tomography (CT). 
Results: Despite rigorous matching the relatives exhibited a 30% reduction in insulin 
sensitivity compared to the controls (Insulin Sensitivity Index; 0.09±0.01 vs. 0.13±0.01 
mg*ml/kgLBM*min*pU, p=0.031). In contrast, the relatives had normal first-phase 
insulin secretion (441±98 vs. 488±107 pU/ml, ns), fasting insulin level (9.6±0.9 vs. 
8.7±0.8 pU/ml, ns), HDL cholesterol level (1.39±0.05 vs. 1.47±0.09 mmoLI, ns), free fatty 
acids suppression during the clamp (0.12±0.02 vs. 0.12±0.02 mmol/I, ns) and peak V02 
(36.2±1.1 vs. 37.2±1.5 ml/kg/min, ns). Moreover, abdominal fat mass was similar whether 
expressed as W/H-ratio (0.95±0.01 vs. 0.95±0.01, ns) or visceral adipose tissue area at the 
lumbar 4 level (118±12 vs. 127±10 cm2, ns). Notably, the relatives had a 30% higher level 
of chylomicron remnants after the meal tolerance test (VLDL1 apoB48 AUC 901±117 vs. 
625±90 mg/1, p=0.022), in spite of normal triglyceride AUC. This in turn was weakly 
related to the degree of insulin sensitivity (r2= -0.14, p=0.050). 

Conclusion: Insulin resistance and accumulation of small, atherogenic lipoprotein 
particles precedes typical alterations in the early course of development of type 2 diabetes 
in mem However, the exact nature of the relationship between these, and whether 
normalized insulin sensitivity will correct the lipid disturbance, remains to be established. 
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Predictors of muscle oxygen supply in adolescents 
F.E. Arrowsmith, J Ward, K Pronk, AD Kriketos, LA Baur and CH Thompson 
Depts Paediatrics and Child Health and Biochemistry, University of Sydney, and 
Garvan Institute of Medical Research, Dariinghurst, NSW, AUSTRALIA 

Background and Aims: Muscle blood flow affects insulin sensitivity in both healthy 
and hypertensive or insulin resistant subjects. The aims of this study were to assess 
the importance of muscle oxygen supply in predicting insulin sensitivity and to assess 
the predictive factors defining muscle oxygen supply in late adolescence. 

Materials and Methods: We assessed forearm muscle of 40 healthy subjects (15- 
18yrs, 20 male) using near infra-red spectroscopy. Muscle reoxygenation half-time 
after ischaemic exercise (a nitric oxide-mediated phenomenon independent of 
subcutaneous fat superficial to the muscle) was related to the subjects’ anthropometry, 
fasting plasma glucose, insulin and leptin levels, % body fat (from 5 skinfold 
thicknesses) and abdominal fat volume (from magnetic resonance imaging), estimates 
of dietary intake and physical activity (from diary records) using Pearson's correlation 
then stepwise regression analyses. 

Results: There were no significant relationships between re-oxygenation rate and the 
BMI, waist circumference, abdominal visceral fat volume, physical activity or dietary 
intake. Significant correlations with muscle re-oxygenation half-time included: fasting 
insulin (R=0.64,p < 0.001), fasting leptin (R=0.93, p<0.001), % body fat 
(R=0.71,p<0.001), abdominal sub-cutaneous fat volume (RK>.54,p=0.003). Step-wise 
regression analysis could not improve the association between leptin and muscle re¬ 
oxygenation rate. 

Conclusions: Muscle reoxygenation rate in normotensive adolescents is related to 
insulin action and can be best predicted by measuring leptin levels. While leptin is 
reported to have differing acute effects on peripheral vasculature in vivo and in vitro, 
hyperleptinaemia in vivo is associated with reduced muscle perfusion. 
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Low circulating free fa tty-acids reduce expression of the ob-gene in white 
adipose tissue in post-obesity status 

Mingrone G, Manco M, *Rosa G,# Vettor R, Capristo E, *Castagneto M, Greco AV. 
Istituto di Medicina Interna and *CIinica Chirurgica &. Centro di Fisiop3toIogia dello 
Shock CNR, Universita Cattolica S. Cuore, Rome, Italy; 

# Department of Medical and Surgical Sciences, the Endocrine-Metabolic Laboratory, 
University of Padua, Padua, Italy. 

Background and Aims:Recent studies indicate a tight association between obesity 
and high levels of leptin either mRNA or protein. Plasma leptin values in humans 
decrease after bariatric surgery (Bilio Pancreatic Diversion: BPD). Aim of the present 
paper was to investigate the regulation of the gene expression of leptin in 
subcutaneous adipose tissue biopsies from 14 morbidly obese women (BM1: 51.6±8.2 
kg/m2) before and 6 months after BPD. 

Materials and Methods: Using reverse transcriptase polymerase chain reaction 
analysis, the mRNA expression of leptin was investigated in adipose tissue. Plasma 
leptin was measured by radioimmunoassay, plasma insulin by microparticle enzyme 
immunoassay. Free fatty acids (FFA) were measured using a colorimetric kit. 

Results: A significant decrease in leptin mRNA level was observed in comparison 
with pre treatment in BPD patients (59±34 vs 143±85 R.A.; p<0.01). A strict 
relationship between adipose tissue mRNA leptin and plasma leptin (R2 = 0.86, 
p<0.0001) and between plasma FFA concentration and insulin (R2 = 0.92, 
p<0.0001) was observed. 

Conclusions: These data demonstrate a high correlation between leptin mRNA 
expression in adipose tissue and plasma leptin in postobese subjects after BPD. The 
significant relationship between leptin mRNA of adipose tissue and plasma leptin 
with insulin suggest that leptin expression might be regulated by circulating insulin. 
Finally, plasma FFA concentration seem to act as a first step on the insulin and 
subsequently in the leptin secretory pathway. 
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Gbrelin in human obesity across a range of glucose tolerance from normal to 
diabetes: effect of massive weight reduction. 

B. Geloneze, J.C. Pareja, V. Pilla, E.M Repetto, S.R. Geloneze, MA Tambascia. 

Service of Endocrinology - University of Campinas - UNICAMP - Campinas - BRAZIL 
Background and Aims: Ghrelin, an endogenous ligand for growth hormone secretagoge 
receptor (GHS-Rs), regulates pituitary growth hormone secretion. Peripheral 
administration of Ghrelin caused weight gain in mice and rats. Intracerebroventricular 
administration of Ghrelin generated an increase in food intake and body weight. Observing 
these interesting points and the possible interaction of Ghrelin in human obesity and 
metabolism, we performed a study concerning Ghrelin concentrations in severe human 
obesity ranging from normal glucose tolerance to diabetes before and after massive weight 
reduction. 

Materials and Methods: Longitudinal clinical intervention study, in 14 severely obese 
women (BML 56.3 ± 10.2 kg/m2), classified according to glucose tolerance (8 normal - 
NGT group, and 6 type 2 diabetes - DM group), age: 32-55 years. Groups were matched 
for age and BML They had their levels of insulin, leptin and ghrelin evaluated by 
commercial RIA (Linco for insulin and leptin, and Phoenix for ghrelin) at baseline and 1- 
year after a bariatric surgical approach (vertical banded gastroplasty Roux-en Y gastric 
bypass). Insulin resistance was assessed by Homa modeL 

Results: At baseline, there was a significant difference in Homa-IR between groups (NGT 
= 14.3 ± 3.2 x DM = 20.3 ± 4.4, p<0.05), but not in insulin, leptin, and ghrelin levels. 
After surgery, we found a massive weight reduction similar in both groups (final BMI = 
36.2 ± 7.8 kg/m2, p<0.01). Homa-IR had a marked reduction after surgery in NGT (3.0 ± 
2.1, p<0.01), as well in DM (2.8 ± 0.8, p<0.01), being both groups with similar Homa-IR 
at I-year follow-up. Insulin decreased in NGT from 44.1 ± 7.7 to 14.7 ± 3.8 uU/ml 
(p<0.01), and in die DM group from 59.4 ± 12.8 to 15.5 ± 10.7 uU/ml (p<0.01). Leptin 
decreased in NGT from 74.5 ± 24.9 to 20.9 ±13.2 ng/ml (p<0.01), and in the DM group 
from 82.9 ± 41.2 to 18.4 ± 10.1 ng/ml (p<0.01). Ghrelin did not show any differences 
between groups and did not change after weight reduction (NGT: 21.3 ± 6.7 to 29.4 ± 4.9 
pg/ml, and DM: 27.7 ± 4.9 to 24.0 ± 2.3 pg/ml). Finally, using univariate regression 
analysis we did not find correlation between ghrelin and other parameters. 

Conclusions: Ghrelin were affected neither by glucose tolerance status, nor by weight 
changes in severely obese women. Despite these results, the role of ghrelin in human 
obesity, food intake regulation, and weight changes remains to be clarified 


639 

Ghrelin, a gut hormone, correlates negatively to leptin in humans 
M. Tambascia, B. Geloneze, E.M. Repetto, J.C. Pareja, V. Pilla and S.R. Geloneze - 
Service of Endocrinology - University of Campinas - Brazil 

Background and aims - Ghrelin, a novel gut-brain peptide, acts in the regulation of 
growth hormone secretion. As it was isolated from the stomach both in rodents as 
well as in humans there are evidence of its participation also in energy metabolism. 
Ghrelin gene expression was increased by fasting and decreased by leptin. Human 
obesity has been considered as a leptin resistance state as serum levels are elevated in 
obesity matched by body mass index. The aim of this study is to verify the 
relationship of ghrelin and leptin in a wide variation of BMI in humans. 

Material and Methods - We studied 14 severe obese patients and 14 normal controls. 
Ghrelin was measured by radioimmunoassay using a commercial kit provided by 
Phoenix. Intra-assay variation coefficient wasl3.3 %. Leptin was analyzed using a kit 
provided by Linco Co with intra-assay variation coefficient of 10.5 %. We also 
analyzed insulin resistance by Homa model. 

Results - Normal controls have BMI of 24.2 ± 1.5 , leptin levels were 7.0 ± 3.9, 
ghrelin of 67.1 ±11.9 and Homa-ir of 2.6 ± 1.0. The severely obese patients have the 
BMI of 56.3 ± 10.2, leptin of 80.2 ± 30.2, ghrelin of 23.2 ± 6.7 and de Homa-ir of 
16.2 ± 9.5. Multivariate analysis have shown an inverse correlation of ghrelin and 
leptin, r- 0.51 (p<0.01). 

Conclusions - We observed in this study that ghrelin, a gut-brain peptide is 
maintained blunted in severely obese patients and correlated to leptin levels. We can 
assume that in severely obese patients, leptin, a good marker of fat tissue size can 
interferes to this signalizing brain peptide in the central regulation of feeding. 
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MATERNAL LEPTIN ADMINISTRATION INDUCES RESISTANCE TO DIET- 
INDUCED OBESITY OF EARLY GROWTH RESTRICTED RATS 
C. Stocker, E. Wargent, M. Sennitt, A. Nolan, J. O'Dowd, K. Subramaniam S. Wang, 
and M. Cawthome. The Clore Laboratory, University of Buckingham MK18 1EG, UK 
Background and aims: Epidemiological studies highlight the relationship between 
maternal protein restriction, early growth retardation (EGR) and an increased 
occurrence of adult disease. In rats, offspring of protein-deprived mothers show 
decreased p cell mass at birth, early onset of abdominal obesity and diabetes. We 
have previously demonstrated that leptin can induce proliferation of pancreatic P 
cells. Thus we examined the effects of leptin on the development of obesity in rats 
which were EGR during fetal and early post-natal life. Materials and Methods: 
Pregnant rats were fed either a control diet (20% protein) or an isocalorific diet 
containing 8% protein throughout pregnancy and lactation. On day 14 of pregnancy, 
rats (n=8) were assigned: control 20% protein group (NP), 8% protein group (LP) and 
8% protein/leptin group (LPL). Each rat received a continuous infusion of saline or 
leptin for 28 days via a s.c. mini-pump. Pups were weaned at day 21 onto the control 
diet and at 6 w eeks males (n=6-8) were transferred to either control or a high fat diet 
until 8 months of age. Results are expressed as mean (SEM)- Results: Leptin infusion 
elevated plasma levels in LPL rats (p<0.001) (14840(933), 3742(429), 3255(527) 
pg/ml: LPL, LP and NP respectively]. Leptin significantly (p<0.001) reduced food 
intake during pregnancy (13.2(1), 22(1.3), 21(1) g: LPL, LP and NP], and body 
weight (p<0.001) following birth (204(6), 232(7), 257(9) g: LPL, LP and NP]. Both 
LPL and LP pups were significantly (p<0.001)) smaller than NP pups at birth 
[5.9(0.1), 6.1(0.3), 7.3(0.1 )g: LPL, LP, NP]. By 8 months, both the high fat fed NP 
(p<0.05) and LP (p<0.05), but not the LPL group, had increased body weight as 
compared with the chow controls [634(20)v574(6):NP, 485(10)v444(19):LP, 431(11) 
v432(3) g:LPL]. This was associated with increased epididymal fat pad weights 
(8.8(0.3), 6.5(0.4), 5(0.3) g: NP, LP and LPL] although food intake did not differ 
between the high fat groups. Conclusion: Leptin administration during pregnancy and 
lactation can inhibit abdominal obesity accelerated by high fat feeding of EGR rats. 
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PRO-OPIOMELANOCORTIN CENE HAPLOTYPE IS ASSOCIATED WITH 
SERUM LEPTIN LEVELS L\ LEAN BUT NOT IN OBESE INDIVIDUALS 
M. RidderstrSle, E. Suviolahti, M. Klannemark, E. Carlsson, O. Melander, M. 
Carlsson, J Hedenbro, L. Groop and M. Orho-Melander. Department of 
Endocrinology, Wallenberg laboratory, Lund University, Malmo, Sweden. 
Background and Aims: Mutations in the pro-opiomelanocortin (POMC) gene cause 
monogenic obesity and the POMC locus (2p21) has been linked to leptin levels and 
BMI. The aims of the present study were to determine frequency of monogenic 
obesity due to mutations in POMC or melanocortin 4 receptor (MC4R) genes among 
morbidly obese Swedes, and to study whether common POMC gene variants are 
associated with BMI or serum leptin levels among obese and lean individuals. 
Materials and Methods: 102 obese individuals from Sweden (m/f 20/82, Age 
40±11 y, BMI 41.315.0 kg/m 2 ), all treated with gastric banding, were screened for 
mutations in the POMC and MC4R genes using SSCP and sequencing. Frequencies 
of the detected (POMC) variants and the POMC 5'UTR Rsal polymorphism were 
further studied in 118 lean control subjects (m/f 48/70, Age 56111 y, BMI 22.611.3 
kg/m 2 ). Results: No cases with monogenic obesity due to mutations in POMC or 
MC4R genes were identified. Three common POMC gene variations were found; a 
9bp insertion at codon 56 (ins56), a GIul88GIy in exon 3 and a C8246T substitution 
in 3'UTR. None of these variants nor the Rsal polymorphism were associated with 
obesity (5.5 % vs 3.9%, p=0.44; 2.5% vs 2.0% p=0.68; 15.3% vs 18.6%, p=0.35; 
30.9% vs 31.8%, p=0.84, for allele frequencies of ins56, GlulSSGty, C8246T and 
Rsal in control and obese groups) or BMI. Lean carriers of the 8246-CC genotype 
had higher serum leptin levels compared to CT/TT carriers (9.716.6 vs 6.714.4 |ig/l, 
p=0.036), especially lean females (13.615.8 vs 8.514.4 pg/I, p=fl.0021), and lean 
female earners of a C8246T(CC)/RsaI(-) haplotype (14.914.5 vs I0.815.7|ig/1, 
p=0.0017). Neither the C8246T variant nor the C8246T(CC)/RsaI(-) haplotype were 
associated with serum leptin levels in obese subjects (32.4112.2 vs 33.7111.9 pg/1, 
p=0.62 and 33.4111.9 vs 32.7112.4 pg/1, p=0.79). Conclusions: Monogenic forms 
of obesity due to mutations in POMC and MC4R are rare in Sw edish obese patients. 
POMC gene variants contribute to normal variations in leptin levels in lean but not in 
obese individuals. 
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THE EFFECT OF GROWTH HORMONE ON GLYCOGEN SYNTHESIS IN 
PRIMARY RAT HEPATOCYTES 

I.K. Lund, B. Andersen 1 , and B. Sehested Hansen 2 . 'Department of Hepatic 
Biochemistry and department ofDyslipidemia Biology, Novo Nordisk A/S. 
Background and Aims: Hepatic glycogen synthesis is reported to be increased in 
hypophysectomized rats, and the aim of this study was to investigate if GH has any effect 
on hepatic glycogen synthesis, and to elucidate if the putative effect of GH is a direct 
effect <mi hepatocytes or mediated through the increased availability of free fatty acids 
(FFAs) from adipose lipolysis in animals treated with GIL Materials and Methods: 
Primary hepatocytes were isolated from male and female Sprague Dawley rats and 
cultured Glycogen synthesis was induced with insulin and glucose ± GII and/or FFAs. 
Insulin binding was performed in the presence or absence of either GH or FFAs (palmitic 
acid). Results: The glycogen synthesis in the hepatocytes was stimulated by GH when 
incubated for 20 hours, whereas no effect of GH was observed after only 4 hours. 
Furthermore, GH potentiated the effect of insulin on glycogen synthesis in male and 
female hepatocytes incubated for 4 and 20 hours. To examine this effect we looked for a 
change in insulin receptor binding. In accordance with the observed effect, incubation of 
the hepatocytes with GH for 20 hours resulted in a significant increase in specific binding 
of insulin, corresponding to an increase in Bmax values (female: 27.4 ± 0.8 vs. 33.1+0.8; 
male: 23.1+0.6 vs. 28.9+1.1 finol/mg protein). The stimulating effect of GH on insulin 
binding sites and insulin-stimulated glycogen synthesis after 20 hours is speculated to be 
associated with an effect of GH on de novo protein synthesis of the IGF-I and/or the 
insulin receptor. The effect of GH on glycogen synthesis in the absence of insulin might 
be a result of increased IGF-I synthesis and release, resulting in an interaction of IGF-I 
with the insulin receptor. GHs ability to stimulate insulin-induced glycogen synthesis at 4 
hours was speculated to be a direct effect through increased phosphorylation of insulin 
receptor substrate 2. When hepatocytes were incubated with FFAs (21 and insulin- 
stimulated glycogen synthesis was decreased We tested, if the insulin binding was altered 
and we showed that male hepatocytes pre-incubaled with FFAs for 3 hours exhibited a 
reduced insulin binding corresponding to a reduction in the number of receptors 
(29.36+1.5 vs. 20.1 ±0.5 fmol/mg protein). FFAs have previously been show to reduce 
insulin-stimulated glucose uptake in muscle, and here we show that they also affect 
hepatic glycogen synthesis by decreasing. Conclusions: The study shows that GH 
regulates hepatic insulin sensitivity in primary hepatocytes, measured as glycogen 
synthesis, both directly and indirectly (through FFAs) by regulating the amount of insulin 
receptors. 
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Is a low level of plasma leptin in severe female obesity associated with metabolic risk 
factors? 

M. GuldstrancfB- Ahren and U. Adamson. Medical Dept Danderyd Hospital, Stockholm 
and Medical Dept Lund University Hospital Lund, Sweden. 

Background and Aims: Leptin is multifactorally regulated and following weight 
reduction (WR) leptin is reduced. We speculate if differences in leptin before and 
following WR in severe obesity are associated with a metabolic profile compatible with an 
increased cardiovascular risk. 

Materials and Methods: 13 female non-diabctic patients, aged 34±4 yrs with body mass 
index (BMI) ranging from 40.5 to 57.0 (mean 46.4±5.5) were studied before and after 
bariatric surgery. 2-hr glucose was assessed with OGTT. Fasting levels (at 08.00) of p- 
leptin, triglyceride (TG), HDL cholesterol, insulin and HOMA IRI (homeostasis model 
assessment of insulin resistance index) were measured before and after 25% WR. Insulin 
secretion (AIR) was studied after iv arginine (5g) at fasting glucose and at p-glucose (PG) 
levels of 14 and >25 mmol/1. 

Results: At 7-15 months after bariatric surgery, BMI was reduced to 35.0±5.7 kg/m2 
(p<0.001), leptin from 67.5±17.2 to 20.5±11.0 ng/ml (pO.OOI), TG from 2.0±1.2 to 
1.0+0.4 mmol/1 (p<0.01), 2-h glucose from 7.6±0.4 to 5.5±0.2 mmol/1 (p<0.01). insulin 
from 146±1 to 63±5 pmol/1, (p<0 01) and HOMA IRI from 35 (18-44) to 11 (8-21), 
(p<0.005). There were no alterations in WHR (from 0.82+0.04 to 0.85±0.1, p=NS) and 
KDL(from I.I±0.4 to I.2±0.3 mmol/I, p=NS). In relationship there was clearly a positive 
correlation with TG and 2-h glucose (r=0.67, p<0.02 and rO.61, p<0.04; before and after 
WR resp ), and with delta TG and delta AIR at PG>25 mmol/1 (r=0.75, p<0.02). Leptin 
showed an inverse correlation with WHR (r=-0 65, p<0.02 and r=-0.65, p<0.03; before 
and after WR resp.) and a direct association with HDL cholesterol (r=0.76, p<0.01 and 
r=0.67, p<0.048; before and after WR resp.). Leptin had a tendency to correlate inversely 
with TG before WR (r=-0.55, p<0.077). The reduction of leptin was inversely associated 
with the reduction of TG (r=-0.67, p<0.03). In a forward stepwise regression model to 
predict delta leptin, delta HOMA IRI and delta insulin were by far the strongest factors 
(p<0.0079 and p<0.01, resp.), (whole model R square 0.95). 

Conclusions: Our results suggest that in severe obesity a low level of leptin is related to 
metabolic risk factors that is only partly compensated after 25% WR. The alterations in 
leptin is highly dependent of alterations in insulin resistance. The relationship betw een TG 
and 2-h glucose and TG and AIR, suggest a role for TG in the deterioration in glucose 
tolerance as well as stimulation of maximal insulin secretioa 
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TAURINE REDUCES GLUCOSE METABOLISM DISORDER 
INDUCED BY GROWTH HORMONE IN RATS 
Xiaohui Guo and Lihong Zhang Department of Endocrinology, Peking University 
First Hospital; Beijing 100034 , P. R. China 

Abstract Background and alms: To investigate whether the taurine (Tau) can 
prevent the glucose metabolic disorder induced by growth hormone (GH) in the 
rats. Materials and Methods Male rats were randomly separated into groups 
receiving GH, GH+Tau, Tau and vehicle (n=7, respectively). The rats in GH 
group were treated with lmg GH injection, twice a day, for 5 days; the rats in 
GH+Tau group, apart from lmg GH injection, were treated with feed water 
including 2% Tau. Oral glucose tolerance test was given to all the rats in each of 
the groups at the 6th day. Insulin releasing stimulated by glucose, skeletal muscle 
glycogen synthesis, endothelin (ET) and nitric oxide product (N0 2 ) were 
examined. Results The basal and 30-min post glucose tolerance glucose level was 
significantly higher in GH group than that in control (vehicle) group. The insulin 
levels before and after glucose load were significantly increased in GH group 
when they were compared those in control group (basal: 17.17+3.44 vs 8.19± 
1.03, p<0.01; 30’, 38.88+5.02 vs 19.73 ±2.80, p<0.01; 60’: 29,23 + 8.15 vs 
13.23 + 3.58,p<0.01; 120’: 13.16 ± 3.16 vs 8.01 + 1.63,mmol/L, p<0.05). 
However, the decline of skeletal muscle glycogen synthesis in GH group (GH: 
17.05+1.96 vs Con: 22.69+3.08, nmol/mg ww; p<0.01), was especially evident 
when insulin was present (GH: 49.60+9.18 vs Con: 95.85±5.75, nmol/mg ww; 
p<0.01). GH treatment resulted in a higher level of plasma ET compared w ith that 
treated with vehicle in control group. The t3urine treatment significantly 
improved the above changes, and the glycogen synthesis stimulated by insulin 
was increased more than that in GH group (70.3 ±8.31 vs 49.60±9.18 nmoI/L 
ww; p<0.01) in particular. Conclusion The taurine treatment could reduce the 
glucose metabolism disorder induced by GH treatment. 
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GH RESPONSE TO GHRH + GHRP-6 DURING EUGLYCEMIC AND 
HYPERGLYCEMIC CLAMP IN TYPE 2 DIABETES MELUTUS 

D. Micic, A. Kendereski, M Sumarac-Dumanovic, Dj. Macut, D. Zivkovic-Micic, G. 
Cvijovic and D. Pejkovic. Institute of Endocrinology, Dr Subotica 13, Beograd, 
Yugoslavia 

Background and Aims: Conflicting results have been reported on the growth 
hormone (GH) response to GH secretagogues in patients with type 2 diabetes 
mellitus. The aim of our study was to investigate the GH response to GHRH + 
GHRP-6 during euglycemic (EC) and hyperglycemic clamp (HC) in type 2 diabetic 
patients. 

Materials and Methods: 12 male patients with type 2 diabetes (mean age: 54.08+/- 
1.45 years; BMI. 25.58+/-0.39 kg/m2; mean HbAlc: 8.79+/-0.42%) were 
investigated. GH (fluoroimmunoassay, Delfia, mcg/1) response to stimulation with 
GHRH (GRF 1-29 NH2, GereC Serono, Spain; 100 meg i.v.) plus GHRP-6 (His-D 
Trp-Ala-Trp-D Phe-Lys-NH2, Peninsula Labs, Heyerside, UK; 90 meg i.v.) was 
measured at -30; -15; 0; 15, 30; 45; 60; 90 and 120 min. GH was measured twice in 
the same patients, first during EC and week later during HC. Each clamp lasted 4 
hours and GH response was measured in last two hours of the clamps. Data are 
presented as the mean +/- SEM. The areas under the secretory curve (AUC) for GH 
(mcg/I/120 min) was calculated by a trapezoidal method. Wilcoxon test was used for 
statistics. 

Results: Mean glycaemia in EC was 4.93+/-0.05 mmol/1, in HC: 12.19+/-0.07. Basal 
GH did not differ between EC and HC (2.9+/-0.99 vs. 1.48+/-0.44 mcg/1, p>0.05). 
Peak GH was higher in EC than in HC (151.06+/-16.86 vs. 112.45+/-14.45, p<0.05). 
AUC for GH in EC was higher than in HC (9560.75+/-1140.64 vs. 6974.49+/- 
1001.95, p<0.05). 

Conclusions: GH response to GHRH + GHRP-6 is significantly lower in patients 
with type 2 diabetes during hyperglycemic clamp in comparison with euglycemic 
clamp, indicating significant influence of glucose levels on GH response to applied 
secretagogues. 


648 

Distinct Responses to Glucose of Free ATP Concentration Imaged Dynamically 
in Hypothalamic Neurones and Glial cells. 

Edward K. Ainscowt, Shirin MirshamsiJ, Michael L.J. Ashford{ and Guy A. Rutterf 
tDepartment of Biochemistry, School of Medical Sciences, University of Bristol, BS8 
1TD U.K. and {University of Aberdeen, Department of Biomedical Sciences, Institute 
of Medical Sciences, Foresterhill, Aberdeen, AB25 2ZD 

Background and Aims: Changes in the activity of neurones in the ventro-media! and 
arcuate nuclei of the hypothalamus are important for regulating feeding and satiety. 
These cells respond to changes in blood glucose and leptin concentrations either with 
increases or decreases in electrical activity, though the molecular mechanisms 
involved are unclear. Since increases in the ratio of free ATP / ADP concentration in 
islet p-cells are considered important for detecting changes in blood glucose 
concentrations, we determined whether similar changes may be involved in 
hypothalamic neurones. 

Materials and Methods: Hypothalamic regions were isolated from 2-4 day old rat 
pups, dissociated into individual cells and cultured for 10 days, before 48 h infection 
with adenovirus expressing cytosol-targeted recombinant firefly luciferase. Changes 
in intracellular [ATP] were monitored by imaging bioluminescence with an inverted 
optics microscope (20x objective) and ultra-sensitive charge-coupled device camera. 
Results: Glucose-responsive neurones were morphologically distinct from other 
neurones and glial cells afrer 10 days culture. Transfer of the luciferase gene into both 
cell types was efficiently achieved with the adenoviral vector. Stepped increases in 
glucose concentration from 0 to 3 and 3 to 15 mM glucose had no significant effect on 
light output from glucose-responsive neurones (-0.7 ± 4.0 % and +0.5 ± 5.1 %, 
respectively; n = 20 cells from 3 separate preparations). However, neighbouring glial 
cells gave a small increase in response to 3 mM glucose (+1.8 ± 1.6 %; n = 68) but a 
large increase at 15 mM glucose (+12.5 ± 2.3 %; p < 5 % vs. neurones). 

Conclusions: These data suggest that nutrient sensing by hypothalamic neurones may 
be different from that in pancreatic p-cells. In particular, changes in intracellular 
[ATP] in glial cells may play a previously unsuspected role in the regulation of 
hypothalamic neurones by glucose, and thus in feeding behaviour. 
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BEACON, A NOVEL PEPTIDE - MAY HAVE A CENTRAL AND 
PERIPHERAL ROLE ON ENERGY METABOLISM. 

NJ Godde, TG Sunderland, G Augert, L Kantham, and GR Collier. Metabolic 
Research Unit, School of Health Sciences, Deakin University, Waurn Ponds, 3217, 
Australia. 

Background and Aims: Beacon is a novel gene discovered by differential display 
PCR as overexpressed in die hypothalamus of obese vs. lean Israeli Sand Rats 
(Psammomys obesus), a unique animal model of obesity. Beacon gene expression in 
the hypothalamus was shown to be positively correlated with percent body fat When 
administered by ICV, a chemically synthesized peptide corresponding to N-terminal 
33 amino acids of Beacon protein increased the food intake and bodyweight of 
animals. Here we report the findings on Beacon protein expression in different 
tissues using recently made polyclonal antibodies. 

Materials and Methods: The 219 bp long cDNA coding for full length (putative 
73aa) beacon was cloned into a pGEX2T vector, expressed and purified as a GST- 
fusion protein. The GST tag was removed by Thrombin cleavage and the 
contaminating Thrombin was removed by treatment with benzamidine-sepharose. 
Rabbits were immuniz ed with GST-beacon or cleaved beacon conjugated to 
diphtheria toxoid. Beacon specific antibodies were affinity purified using beacon 
immobilized on Aminolink or Tetralink resin. Beacon expression in various sandrat 
tissues was analyzed using affinity purified anti-beacon antibodies. 

Results: Recombinant GST-beacon and GST-free beacon protein samples produced 
were homogeneous (>95% pure). Affinity purified antibodies facilitated qualitative 
expression analysis of endogenous beacon protein. Expression of Beacon in a wide 
variety of tissues, in the expected molecular size was observed. 

Conclusions: Results implicate a role for beacon in the central as well as peripheral 
tissues. An understanding of the precise nature of these roles and their impact on the 
control mechanisms involved in energy homeostasis will require further studies. 
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EFFECT OF a-MELANOCYTE STIMULATING HORMONE ON 
GLUCOSE TRANSPORT IN RAT ADIPOCYTES 
R. Araki-Sasaki, Y. Sumida, A. Katsuki, M. Hayashi, T. Ideno, T. Tanaka, 

M. Furuta, K. Nakatani, Y. Ilori, Y. Yano and Y. Adachi. Third Department of 
Internal Medicine, Mie University School of Medicine, Tsu, Mie, 514-8507, Japan. 

Wfe have previously reported that the plasma levels of a-melanocyte stimulating 
hormone (d-MSH) are significantly increased and that they are correlated with 
insulin resistance in obese men. Aims: To assess the direct effect of cc- 
melanocyte stimulating hormone on insulin-stimulated glucose transport and on 
translocation of insulin-regulatable glucose transporter (GLUT4) in rat adipocytes. 
Material and Methods: Adipocytes were isolated from epididymal adipose tissue 
from Sprague-Davvley rats. Melanocortin receptor expression in adipocytes w'as 
examined by RT-PCR analysis. Adipocytes were incubated with or without various 
concentrations of Nle 4 , D-Phe 7 -ff-MSH, a synthetic Ct-MSH agonist, followed by 
incubation with or without lOnM insulin. The glucose transport activity was 
measured by determining the uptake of 3-0-[metyl- 3 II]-D-ghicose, and the 
translocation of GLUT4 was measured by immunoblot. Results: Melanonortin 5 
receptor was detected in rat adipocytes by RT-PCR. Nle 4 , D-Pbe 7 -C*-MSH did not 
affect the based glucose transport but reduced the insulin-stimulated glucose 
transport in adipocytes in a dose-dependent manner About 459£ of inhibition was 
observed with InM Nle 4 , D-Phe 7 -a-MSII under insulin stimulation. Nle 4 , D- 
Phe 7 -tt -MSH did not affect the insulin-stimulated translocation of GLUT4 from the 
intracellular pool to the plasma membrane. Conclusion: Adipocytes express 
melanocortin 5 receptor a-MSH reduced insulin mediated glucose transport at the 
post-receptor level without affecting the translocation activity of GLUT4 from the 
intracellular pool to the plasma membrane in rat adipocytes. 
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IMPACT OF DIETARY IMPROVED GLUCOSE CONTROL ON SEX HOR¬ 
MONES IN PATIENTS WITH TYPE 2 DIABETES. 

H. Rau, K. Schmidt*, N. Khayr, T. Martin, A. SchOneberger*, K.H. Usadel and K. 
Badenhoop. Medical Dept. I, University Hospital Frankfurt/Main, *KVB-Klinik 
KOnigstein/Taunus, Germany. 

Background and Aims: Evidence for an association between sex hormones and in¬ 
sulin sensitivity is provided by several circumstances with a development of insulin 
resistance in response to inappropriate sex hormone levels, e.g. women with hyper- 
androgenic conditions, such as polycystic ovary syndrome, the surgically post¬ 
menopausal cynomolgus monkey, anabolic steroid abusers and transsexuals under 
testosterone or ethinyl estradiol treatment. After several cross-sectional studies have 
documented inappropriate sex hormone levels in female and male patients with type 
2 diabetes (decreased androgens in males and increased androgens in females, low 
SHBG in males and females), we have now investigated the effect of dietary im¬ 
proved glucose control on sex hormones in such patients. 

Materials and Methods: 72 subjects with type 2 diabetes were studied before and 
after four weeks of moderate caloric restriction (47M/25F; age: 63±Iyears (38- 
79years); duration of diabetes: 5.2±0.7years; HbAi c : 7.7±0.2 % - mean±SEM). 
None of the patients required insulin therapy nor was positive for antibodies against 
glutamate decarboxylase, insulin or islet cells. 

Results: A mean weight loss of 2.3±0.3kg (p<0.0001; M: 2.5±0.4kg; F: 1.810.3kg) 
was associated with a significant improvement of glucose homeostasis: HbAl c : 
-0.5+0.1 % (p<0.0001); fasting glucose: -12±5 mg/dl (p=0.003); postprandial glu¬ 
cose: -23±6 mg/dl (p=0.001). Insulin and c-peptide as well as 173-estradiol con¬ 
centrations remained unchanged. Testosterone levels fell in the female patients 
(-5±2ng/dl, p=0.01$), whereas testosterone concentrations significantly rose in the 
male subgroup (56±25ng/dl, p=0.028). Significant changes were also documented 
for DHEAS (-119±42ng/ml, p=0.004) and SHBG (+5.512.1 nmol/1, p=0.034), but 
only in the female subgroup. 

Conclusions: Dietary control of glucose metabolism improves inappropriate andro¬ 
gen levels in female and male patients with type 2 diabetes. 
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Age dependent decline of serum testosterone and its potential implication for 
general and sexual well being in diabetic men. 

E. Leifke, J. Schwandt, K-H. Schwandt, H-J. Balks, A. v .z. Mflhlen, G. Brabant Abt. 
KJinische Endokrinologie, Medizinische Hochschule Hannover, Germany 

Background and Aims: Men with diabetes have a high prevalence of sexual 
dysfunction. Data concerning the age-trend of testosterone in men with diabetes 
compared to healthy men and its importance for general and sexual well being in 
diabetic men are conflicting. The aim of the study was to compare a large group of 
patients with recently diagnosed type 2 diabetes mellitus to healthy controls. 

Materials and Methods: Serum levels of free testosterone were determined in 
diabetic men (n= 132; age: mean = 61 ±9,4; 30-79 ys) and compared to serum levels 
of healthy controls between 20-80 years of age (n= 572). In addition, in diabetic men 
general and sexual well being were assessed by standardised questionnaires and the 
results were investigated with respect to serum levels of testosterone, medication and 
comorbidity. 

Results: Mean serum levels of testosterone were low er in diabetics than expected for 
the same age in healthy men (p<0.001). There was a slight but significant steeper age 
trend for testosterone in diabetic as compared as to healthy men. In diabetic men 
testosterone levels were positively associated with self-rating scores of constructs of 
sexual function (p<0.01) and libido, but not with constructs of general or social well 
being. Serum levels of free testosterone did differ between men treated with insulin 
and men controlled with oral antidiabetics (p<0.001). Cardiovascular comorbidity 
was predictive for lower levels of testosterone and lower scores in sexual and general 
well being (p<0.001). 

Conclusions: The study demonstrates a more rapid decline of testosterone with age 
in diabetic as compared as to healthy men. This might be aggravated if cardiovascular 
comorbidity is present The results confirm earlier reports on the association between 
low androgen levels and sexual dysfunction and complains in diabetic men. 
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HYPOTHALAMIC-PITUITARY-TESTICULAR AXIS (HPTA) FUNCTION IN 
WELL-CONTROLLED AND POORLY-CONTROLLED TYPE 1 DIABETIC 
MEN 

JC Lopez Alvarenga*. T Zarinan, JP Mendez, FJ Gomez-Perez*, J Gonzalez- 
Barranco*. A Ulloa-Aguirre. *Dept. of Endocrinology, Instituto National de Ciencias 
Medicas y Nutricion SZ; Research Unit in Reproductive Medicine, Instituto 
Mexicano del Seguro Social, Mexico City. Mexico. 

Background and Aims: The impact of poor glycemic control on the HPTA function 
in patients with type 1 diabetes-mellitus (DM-1) is unknown. We analyzed the 
function of HPTA in uncomplicated DM-1 patients. 

Materials and Methods: Eleven poor controlled (P-C) (HbAlc >10%) and 8 well 
controlled (W-C) (I lb Ale <S%) DM-1 patients (both with <7 yr of DM-1), and 9 age- 
and BMI-matched controls, underwent blood sampling at 10-min intervals for 10 h 
before and after consecutive iv administration of two 10 ug doses of gonadotropin¬ 
releasing hormone (GnRH)- Leydig cell function was assessed by measuring serum 
testosterone (T) before and after a single im administration of choriogodatropin (hCG) 
(40 IU/kg). 

Results: Baseline levels of LH in samples collected during a 6-h period were 
significantly decreased in P-C (12±4 IU/L; mean±SEM) as compared to W-C (19±5) 
and controls (19±5). The magnitude of the LH response to the first GnRH stimulus 
was similar among groups, whereas the response to the second stimulus was 
significantly decreased in P-C [de!taLH=48±7 IU/L, area under the curve 
(AUC)=8342±958 lU/L/min] compared to W-C (de!taLH=92±13 IU/L, 
AUC=8342±958 lU/L/min) and controls (deItaLIl=93±19 IU/L, AUC=7671±!275 
IU/L/min) (p=O.029 and p=O.031, respectively). Although baseline T levels were 
decreased in P-C subjects (21±3 nmol/L), the difference between these levels and 
those exhibited by W-C (29±2) and controls (26±2) was not statistical significant; the 
early (6h) and late (3 days) response to hCG were also similar among groups, albeit in 
the P-C group the late response was significantly (p=0.04) increased (2.0±0.2 times to 
basal vs 1.5±KD. 1 times in W-C and control subjects). 

Conclu5ioas:These data indicate that subtle abnormalities in HPTA function (from 
hypothalamic origin), are present in patients with DM-1 during periods of poor 
glycemic control. (Study supported by a CONACyT award to JC LA No. 116515) 
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DIFFERING EFFECTS OF GLUCOCORTICOIDS ON METABOLIC AND 
VASCULAR LNSULIN SENSITIVITY 
C Perry 1, A Spiersl, SJ Clelandl, JR Petrie2 and JMC Connelll. 

1 Department of Medicine and Therapeutics, Western Infirmary, Glasgow 2 
Department of Medicine, Glasgow Royal Infirmary 

Background: Previous studies have shown a relationship between insulin action in 
metabolic and vascular tissues. Common intracellular signalling intermediaries have 
been identified in adipose tissue, muscle and the endothelium, providing a potential 
mechanism through which insulin action in these tissues may be linked. We 
hypothesised that modification of metabolic insulin sensitivity by glucocorticoid 
administration would be accompanied by similar changes in insulin action in the 
vasculature. Aim: To examine whether low dose dexamethasone administration is 
associated with a reduction in both metabolic and vascular insulin sensitivity. 
Methods: 20 healthy volunteers were recruited into a double-blind, randomised 
placebo controlled trial, consisting of two six-day phases of oral dexamethasone or 
matched placebo. The ethics committee of the West Glasgow Hospitals University 
NHS Trust approved all aspects of the study. After each phase, volunteers underwent 
buttock biopsy to obtain small resistance arteries (200-400mm internal diameter), 
followed by a euglycaemic hyperinsulinaemic clamp. The vessels were mounted on a 
wire myograph and underwent a standard normalisation protocol prior to assessment 
of ex vivo insulin-mediated attenuation of norepinephrine-induced vasoconstriction. 
Results: Dexamethasone treatment was associated with a reduction in insulin 
sensitivity (M value on placebo 10.12 +/- 0.45 mg/kg/min vs. 7.2 +/- 0.55 mg/kg/min 
on dexamethasone, p<0.01). During both phases, pretreatment with physiological 
insulin concentrations resulted in vasodilation; there was no difference in magnitude 
between study phases. 

Conclusions: Despite glucocorticoid administration causing a substantial reduction in 
whole body insulin sensitivity, there was no associated reduction in the response to 
insulin in the vasculature. This suggests that, in this model, metabolic and vascular 
insulin sensitivity are differentially regulated. 
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Deiamethasoae impairs IRS-1, PI 3-kinase and Protein kinase B expression as 
well as glucose transport and this occurs independent of glucose and insulin 
levels. 

J. Buren, H-X. Liu and J.W, Eriksson, Dept of Medicine, Umea University, Sweden 

Background and aims: Excess endogenous secretion or exogenous administration of 
glucocorticoids promotes insulin resistance. This study explores the effects of 
glucocorticoids on the glucose transport system in rat adipocytes and the interaction 
with high levels of insulin and glucose. Materials and Methods: Isolated rat 
adipocytes were cultured for 24 h at different glucose concentrations (5 and 15 mM) 
with or without the glucocorticoid analog dexamethasone (0.3 uM) and insulin 
(10,000 uU/ml). After the culture period, the cells were washed and then basal and 
insulin-stimulated 14C-g3ucose uptake, 1251-insulin binding as well as cellular 
content of insulin signaling peptides (IRS-1, IRS-2, PI 3-kinase and PKB) and 
GLUT4 were measured. Results: Dexamethasone in the medium markedly decreased 
both basal and insulin-stimulated glucose uptake compared to control cells at both 5 
and 15 mM glucose (by -40-50 %, p<0.001 and p<0.05, respectively). Combined 
long-term treatment with insulin and dexamethasone exerted additive effects in 
decreasing glucose uptake (by -50 % compared to dexamethasone alone, p<0.01), but 
this was seen only at 15 mM glucose and not at 5 mM. Furthermore, insulin binding 
was decreased (by -40 %, p<0.05) in dexamethasone-treated cells independent of 
surrounding glucose concentration. Following dexamethasone treatment a -75 % 
decrease (p<0.001) in IRS-1 protein abundance in total cell lysates and an increase in 
LRS-2 (by -150 %, p<0.001) was found. Dexamethasone also induced a subtle but 
consistent decrease in PI 3-K (by -15 %, p<0.01) and a substantial decrease in PKB 
(by -45 %, p<0.001). Dexamethasone did not alter the amount of total cellular 
membrane-associated GLUT4 protein. The effects of dexamethasone per se on 
glucose transport and insulin signaling peptides were mainly unaffected by the 
surrounding glucose and insulin levels. Conclusions: Glucocorticoids impair glucose 
transport capacity in fat cells independent of the surrounding glucose and insulin 
concentration. Tliis is not due to alterations in GLUT4 abundance, but the 
demonstrated decrease in the insulin signaling peptides IRS-1 and PKB may play an 
important role. Decreased insulin binding capacity might contribute to a reduced 
insulin sensitivity of the glucose transport system. 
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ACUTE HYPERCORTISOLEMIA INCREASES INTERSTITIAL 

GLYCEROL L\ SUBCUTANEUS ADIPOSE TISSUE 

C.B. Djurhuus, C.H. Gravholt, S. Nielsen, N. Moller, J.S. Christiansen, O. Schmitz 

Background and Aims: The glucoregulatoiy hormones, cortisol, epinephrine, 
glucagon and growth hormone (GH), control fuel homeostasis in the fasting state. 
FFA dominates the energy supply to resting striated and cardiac muscle as well as to 
the kidneys and liver. Whether cortisol similar to GH and epinephrine possesses 
lipolytic actions is however still controversial 

Materials and Methods: We applied the recently introduced microdialysis technique 
in 7 healthy lean males after an overnight fast in a placebo controlled randomised 
cross-over design with either hydrocortisone or saline infusion. Two microdialysis 
catheters were inserted at t=-150 min and perfused with Ringer solution. At t=-120 
min a pancreatic-pituitary clamp was initiated using somatostatin (330 pg/h), insulin 
(0.08 mU/kg/min), GH (2 rig/kg/min) and glucagon (0.5 ng/kg/min). Plasma glucose 
was maintained above 4.5 mmol/1 by glucose infusion. At t=0 infusion of either saline 
or hydrocortisone was commenced. Arterialised blood samples were drawn every 
30min and analysed for FFA, glycerol and hormonal concentrations. 

Results: During hydrocortisone infusion serum cortisol was more than threefold 
higher as compared to placebo (888±12 vs. 245±7 nmol/1). Similarly serum FFA and 
blood glycerol were significantly elevated during hydrocortisone exposure 
(0.612±0.01 vs. 0.320±0.01 mmol/l; P-0.015 and 5I± 3 vs. 34±3 mmol/1; P=0.054). 
Substantial increase in interstitial glycerol was seen during hypercortisolemia in both 
abdominal (320 ±11 vs. 150±9 mmol/l ; P=0.046) and femora! (169 ±9 vs. 99 ±6 
mraol/1; P=0.047) subcutaneous adipose tissue. 

Conclusions: The present study supports the notion that high physiological 
cortisolemia exerts lipolytic properties in subcutaneous adipose tissue. 
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Epinephrine stimulates insulin secretion in a Ca2+/calmodoIin-dependent 

protein kinase II de!ta2 deficient rat insulinoma cell line INS d-W12 

j. Schumacher, M. OsterholT, A.F.H. Pfeiffer 

German Institute of Human Nutrition, Potsdam-Rehbrucke, Germany 

Background and Aims: In normal INS-1 cells Ca2+/calmodulin-dependent protein 
kinase II delta2 (CaMK II delta2) is the major subtype. We reported about a CaMK II 
delta2 deficient cell line called INS d-W12 previously which we obtained from INS-1 
cells by a stable antisense RNA approach. In the present work we investigated the 
effect of various alpha 1-, a!pha2- and beta-receptor agonists and antagonists on the 
glucose-dependent insulin secretion in INS-1 and INS d-W12 cells. 

Materials and Methods: INS-1 rat insulinoma cells and the antisense cells INS d- 
W12 were cultured at 37 C, 5% C02 in RPMI 1640 media containing 10% FBS, 2 
mmol/l L-glutamine, 2 mmol/l pyruvate and 1 mmol/l 2-mercaptoethanol. They were 
pre-incubated in Ca2+-containing Krebs-Ringer-buffer for 2 h and finally treated with 
different stimulants for 1 h in Ca2+-containing Krebs-Ringer-buffer. The secreted 
insulin was measured in the media by insulin RIA. 

Results: The INS d-W12 cells revealed a rather unexpected behavior concerning 
epinephrine-dependent insulin secretion. While in normal INS-1 cells epinephrine at a 
concentration of 10 p mol/1 suppressed the glucose-dependent insulin secretion it was 
increased in INS d-W12 cells (p=0.004). Pertussistoxin (PTX) an inhibitor of GO and 
Gi blocked the a!pha2-mediated epinephrine effect in INS-1 cells but had no effect on 
INS d-W12 cells. Propranolol a beta-receptor antagonist had no effect on the insulin 
secretion in both INS-1 and INS dAV12 cells. Clonidin an alpha2-receptor agonist 
was able to inhibit insulin secretion in INS-1 cells by 30% at concentrations of 1 
pmol/l (p=0.002) but had no effects in INS d-W12 cells insulin secretion was not 
inhibited. 

Conclusions: These findings show that epinephrine unexpectedly stimulates insulin 
secretion in INS d-W12 cells while they confirm the known inhibitory effect via 
a!pha2-receptors in INS-1 cells.The stimulatory effect did not involve beta-receptors 
as shown by propranolol and was apparently mediated by a PTX independent 
pathway. 
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INTESTINE-SPECIFIC ACTIVITY OF THE GLUCOSE-6 PHOSPHATASE GENE 
PROMOTER IS REGULATED BY THE HOMEODOMAIN PROTEIN CDX1. 

F. Rajas . C. Domon-Dell*, A. Gautier, S. Montano, J-N. Freund*, G. Mithieux, 
INSERM U.449, Lyon, and *INSERM U. 381, Strasbourg, France. 

Background and aims: Glucose-6 phosphatase (G6Pase) confers on gluconeogenic 
tissues the capacity to release glucose in blood. The expression of its gene is restricted 
to liver, kidney and small intestine, and is increased during diabetes and fasting, in the 
three tissues. The aim of this study was to identify transcription factors involved in 
the intestine-specific expression. Materials and Methods: The -1640/+60 bp G6Pase 
gene region was cloned upstream of a luciferase reporter gene. G6Pase promoter 
activity was assessed by transient transfections in intestinal CaCo-2 cells, hepatoma 
HepG2 cells, and in HeLa cells. Results: We previously showed that G6Pase gene 
was expressed in HepG2 cells and in enterocyte-differentiated CaCo-2 cells (post¬ 
confluence cultures) but not in undifferentiated CaCo-2 and in HeLa cells. All 
promoter constructs (from -I640/+60bp to -80/+60bp) were highly active in HepG2 
cells but have no activity in HeLa cells. A very weak promoter activity was detected 
in undifferentiated CaCo-2 cells. However, the co-expression of hepatocyte 
transcription factors, HNF1 or HNF4, was sufficient to restore a high G6Pase 
promoter activity in HeLa and CaCo-2 cells. The expression of the cdxl (caudal- 
related homeodomain protein specifically expressed in intestine) recombinant protein, 
in HNF4- and/or HNF1-expressing HeLa cells, repressed the G6Pase activity of the 
fragments -1640/+60bp to -160/+60bp. There was a very weak (2-fold) induction of 
the fragment -80/+60 bp activity. In contrast, cdx2 did not modify the promoter 
activity of any construct. In bandshift assays, we showed that cdxl and cdx2 bind to 
the TATA box. The mutation of the TATA box in the -500/+60bp promoter construct 
resulted in the activation of the G6Pase promoter in HeLa cells. Conclusions: These 
results indicate that the binding of cdxl on the TATA box is critical for the inhibition 
activity of the distal region on the G6Pase promoter. Because HNF1 and HNF4 are 
also expressed in enterocytes, cdxl could be the intestinal factor involved in the 
down-regulation of the expression of the G6Pase gene in enterocytes, accounting for 
the lower G6Pase expression in enterocytes as compared to hepatocytes. 
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Effects of insulin on glucose uptake and glycogen synthesis in the perfused rat 
liver. Possible role of gluconeogenesis. 

J. Radziuk and Z. Zhang. Dept of Medicine, Ottawa Hospital, Ottawa, Canada. 
Background and Aims: Insulin is a major stimulatory factor in the synthesis of hepatic 
glycogen. Glycogen synthesis has been linked to the parallel formation of glucose-6- 
phosphate by gluconeogenetic pathways (g6p-neogenesis). However insulin is also 
considered an inhibitor of gluconeogenesis which would not be consistent, with this 
observation. The effects of insulin on these processes were therefore examined in the 
perfused rat liver. 

Materials and Methods: Fifteen 24h-fasted Sprague-Dawiey rats were donors of livers 
for recirculating perfusions (11.5ml/min) using erythrocytes in plasma from donor rats. 
Initial glucose levels were ~6 mmol/1, [6-3H]g!ucose was added and lactate (lmg/min) 
along with [U-14C]lactate was infused continuously for 120min. Insulin was infused to 
maintain levels of 0, 70 and 135pmoL/l (n=5 each). Total and gluconeogenetic glucose 
production was determined from inflow - outflow differences of glucose and 
[14C]glucose, and lactate specific activity. Glucose uptake was determined from 
differences in [6-3H]glucose. Total and labeled glycogen was measured in freeze-clamped 
liver biopsies at the end of the perfusion. Direct and gluconeogenetic fractions were 
estimated from the incorporation of glucose label and gluconeogenic flux to glucose-6- 
phosphate from the glucose uptake, production and these fractions. Statistical comparisons 
used one-way analysis of variance. 

Results: Actual insulin concentrations were 0, 77+/-14 and 189+7-3 5 pM. Glucose fell 
from 12.8+/-0.5 to 9.8+/-0.8 m\l at the higher dose (p<0.05). Lactate levels did not 
change with insulin dose. The fraction of glycogen synthesis that arose directly from 
glucose was 0.4 and remained unchanged by insulin (p>0.5). Mean glucose uptake over 
I20min was 2.6+/-0.4, 3.0+/-0.9 and 4.6+/-0.5 umol/min with increasing insulin. G6p- 
neognesis also increased from 1.51+/-0.04 to 1.85+/-0.21 mmol over 120min (p<0.05), 
paralleled by an increase in glycogen from 21+/-3 to 40+/-6 mg (p<0.05). Modeling the 
relationship between [14C]-labeled glucose, lactate and glycogen, further indicated that 
the flux from lactate to glucose is unchanged by insulin, suggesting that the increase in 
glucose uptake accounts for most of the change in perfusate glucose. 

Conclusions: Since the highest insulin dose used, corresponds to die ED50 of the effect of 
insulin on glucose production by the liver, these data suggest that at non-saturating, supra- 
basal insulin concentrations, gluconeogenic flux to gJucose-6-phospate continues unabated 
and appears to be stimulated. This increase parallels the increases in glucose uptake and 
glycogen synthesis and may contribute to the determination of these fluxes. 
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REGULATION OF LNTESTLNAL GLUCOSE PRODUCTION IN LONG - 
TERM FASTED RATS 

I. Bady, M. Croset, C. Zitoun and G. Mithieux. INSERM U. 449, Faculte Laennec, 
69008 Lyon, France. 

Background and Aims: Glucose-6 phosphatase (Glc-6Pase) is the last enzyme of 
gluconeogenesis and glycogenolysis. It is only expressed in the liver, the kidney and 
the small intestine (SI) and confers on these organs the capacity to produce glucose in 
blood. SI Glc-6Pase is induced in diabetic and 48h-fasted rats. In both situations, it 
has been shown that significant intestinal glucose production (IGP) takes place. We 
have tested the hypothesis that IGP is correlated with the G!c-6Pase gene induction 
during fasting in rats. 

Materials and Methods: Fed postabsorptive and 24 48 72 - and 96h-fa$ted rats 

were anesthetized and infused by 3-3H Glucose for 90 min. IGP and total endogenous 
glucose production (EGP) have been determined using a combination of arteriovenous 
balance and isotopic dilution techniques, from the specific activities and 
concentrations of glucose in arterial and portal blood. Glc-6Pa$e activities were 
determined in jejunum fragments, which were rapidly sampled and frozen at -196 C. 
The respective abundances of Glc-6Pase and phosphoenolpyruvate carboxykinase 
(PEPCK) mRNAs were quantified using northern blot. 

Results: In fed and 24h-fasted rats, SI did not release glucose in blood. Glc-6Pase 
activity w'as not significatively altered in SI in both groups. After 48h of fasting, IGP 
was 8.5 +/- 1.4 pmoles/kg/min (mean +/- SD, n=8), representing 21% of total EGP. 
IGP was maximum in 72h-fasted rats : 19.2 +/- 4.8 pmol/kg/min (n=8), plateauing at 
96h. This represented 40% of EGP. After 48, 72 and 96h of fasting, SI Glc-6Pase 
activity was markedly increased by 2-3 fold. At the mRNA level, the expression of 
Glc-6Pase and PEPCK genes was strongly increased from 24h of fasting, and was 
maximum (12 fold) after 48h up to 96h of fasting. 

Conclusions: Our results strongly suggest that the induction of the G!c-6Pase gene 
plays a crucial role in the induction of IGP. Further investigations of the mechanisms 
of regulation of IGP will likely allow a better understanding of the mechanisms by 
which EGP is increased in type 2 diabetes. 
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EFFECTS OF ORAL METAVANADATE TREATMENT ON LIVER 
GLUCOSE-6-PHOSFHATASE LN BB RAT 

D. Iorddchescu, D. Chela, T. Nicolae, S. Buligescu, MEnache, V. Tic3 and G. Or3$anu 
[University of Bucharest, Bucharest 5, Romania] 

Background and Aims: GIc6Paje - a multifunctional enzyme involved in the last step 
of gluconeogenesis and glycogenolysis is thought to play an important role in glucose 
homeostasis. The aim of this study was to investigate the long-term effect of vanadate 
treatment on the hydrolitic and phosphotransferasic activities of liver Glc6Pase in 
diabetic and non-diabetic BB rats. Material and Methods: BB-DP rats (mean aged 40 
days) divided into 4 similar groups - VI, V2, V3 and C - have received three doses of 
NaV0 3 (0.1, 0.2 and 0.7 mg/ml) and respectively NaCl (0.5 mg/ml) in drinking water 
for 7 days. After this treatment, all animals were monitored over a 90-day period for 
changes in w eight, glycemia and glucosuria to detect onset of diabetes. Hydrolytic and 
phosphotransferasic activities of GIc6Pare were assayed as described by Nordlie and 
Arion [Methods in Enzymology Vol.9, pp. 619-625,1965] in isolated microsomes. The 
assays were made in the beginning and the end of vanadate treatment and after 83 days. 
Results: Some toxic effects in BB rats treated with 0.7 mg/ml metavanadate were 
noticed. Treatment caused a reduction in incidence of diabetes, increasing the age 
when the rats become diabetic, proportionally with dose applied. The Glc6Pase and 
CP:GIcPTare activities were 0.99±0.12 and 0.16±0.03 pmoles/min/mg protein 
respectively, in non-diabetic BB rats before treatment. After diabetes onset, the 
hydrolase and transferase activities were elevated 3.8 and 2.2 fold, respectively. 
Treatment with metavanadate decreased the both activities, proportionally with dose 
applied but w as more potent inhibitor of CPiGlcPTore activity. After 90 days in non- 
diabetic animals, the Glc6Paje activity is restored but the CPiGlcPTore activity remain 
increased (0,35 ± 0.04). Conclusions: Elevated CP:GIcPTaye after 83 days from the 
treatment ceasing may explained the success obtained in postponing of diabetes onset. 
Vanadate treatment restored Glc6P level in liver and decreases hyperglycemia. 
Abbreviations: Glc6P (glucose-6-phosphate); Glc6P<*re (glucose-6-phosphate 
hydrolase); CPiGlcPTare (Carbamyi phosphate: glucose phosphotransferase activity). 
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SIMILAR CONTRIBUTION OF GLUCONEOGENESIS TO FASTING 
GLUCOSE PRODUCTION AT LOW AND HIGH GLUCOSE 
CONCENTRATIONS IN PATIENTS WITH TYPE 1 DLVBETES MELLITUS 

P. Staehr, O. Hother-Nielsen, B.R. Landau, V. Chandramouli, J.J. Holst, H. Beck- 
Nielsen 

Odense, Denmark; Cleveland, Ohio, USA and Copenhagen, Denmark 

Background and Aims: Elevated rates of gluconeogenesis are believed to play an 
important role in the pathophysiology of hyperglycemia in patients with diabetes 
mellitus. We therefore assessed glucose production (GP) and the contribution of 
gluconeogenesis (GNG) in fourteen type 1 diabetic patients, at a low glucose level 
(LO, n=7) and a high glucose level (H3, n=7)). 

Materials and Methods: Subcutaneous insulin was withdrawn 24 hours prior to each 
study, and the subjects were fasted overnight while their plasma glucose 
concentrations were maintained at the LO or HI levels by intravenous insulin 
infusion. GP was determined in the postabsorptive state by infusions of 6.6-2H2- 
glucose, and GNG was estimated by the deuterated water method. Glycogenolysis 
was calculated as the difference between rates of glucose production and 
gluconeogenesis. 

Results: Fasting plasma glucose levels were higher in the HI than in the LO group 
(ll.li0.7 vs. 6.2±0.2 mM, p<0.001) due to lower plasma insulin levels (39±5 vs. 
66±8 pM, p<0.01). In both groups, glucosuria was less than 2 mg/m2/min. Plasma 
free fatty acids (FFA) were similar in the HI and LO groups (0.5±0.05 vs. 0.5±0.05 
mM, NS), whereas plasma glucagon levels were higher in the LO group (7.9±0.4 vs. 
5.1±0.6 pM, p<0.02). Despite these differences, rates of GP in the HI and LO group 
were equal (81±4.2 vs. 81±3.8 mg/m2/min, NS). Furthermore, % GNG (55±3 vs. 
57±2%, NS) as well as rates of gluconeogenesis (44i3.4 vs. 44±2.2 mg/m2/min, NS) 
and glycogenolysis (37±3.5 vs. 37±3.2 mg/m2/min, NS) were similar in the HI and 
LO group, respectively. In both groups, rates of GP, GNG and glycogenolysis were 
independent of the plasma levels of glucose, insulin, glucagon and FFA. 

Conclusion: In type 1 diabetic patients without significant glucosuria, fasting rates of 
glucose production and the contributions of gluconeogenesis, are similar at low and 
high glucose levels. 
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REGULATION OF GLUCOSE PHOSPHORYLATION BY 
TRANSLOCATION OF GLUCOKINASE BETWEEN NUCLEUS 
AND CYTOPLASM IN HEPATOCYTES 

I. Miwa and Y. Toyoda. Department of Pathobiochemistry, Faculty 
of Pharmacy, Meijo University, Japan 

Aims: The implication of glucokinase (GK) in the regulation of 
hepatic glucose metabolism still remains elusive. We studied the role 
of the translocation of hepatic GK between the nucleus and the 
cytoplasm in the regulation of glucose phosphorylation. Materials 
and Methods: Distribution of nuclear and cytoplasmic GK in cultured 
rat hepatocytes or rat liver sections was quantitatively estimated by 
analysis of confocal images of cells or sections stained by the 
immunofluorescence technique. Intracellular glucose 

phosphorylation was measured from the rate of release of 3 lbO from 
D-[2-’HJglucose by cultured hepatocytes. Results: Both the 
translocation of GK from the nucleus to the cytoplasm and the rate of 
glucose phosphorylation in cultured hepatocytes were increased as the 
medium glucose concentration was increased from 5 mM up to 40 mM. 
There was a good correlation between the increase in cytoplasmic GK 
induced by fructose, which sugar is known to stimulate glucose 
phosphorylation, and that in the glucose phosphorylation rate induced 
by fructose. A linear relationship between the cytoplasmic GK 
activity and the rate of glucose phosphorylation over various glucose 
concentrations was also observed either in the absence or presence of 
fructose. Oral administration of 2.5 ml of 20% glucose, 2.5% 
fructose, or 20% glucose plus 2.5% fructose to 24-h fasted rats induced 
translocation of GK from the nucleus to the cytoplasm in hepatic 
parenchymal cells by 30 min after sugar loading. Conclusions: The 
data indicate that hepatic glucose phosphorylation depends on GK 
activity in the cytoplasmic compartment and is regulated by the 
translocation of GK. 
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TRANSCRIPTIONAL REGULATION OF THE GLUCOSE-6 PHOSPHATASE 
GENE IN STABLY-TRANSFECTED CaCo-2 CELLS DURING 
ENTEROCYTE DIFFERENTIATION. 

A. Gautier, S. Montano, G. Mithieux, and F. Rajas, INSERM U.449, Lyon, France. 

Background and Aims: Glucose-6-phosphatase (G6Pase) is a key enzyme in glucose 
homeostasis, which catalyzes the terminal step of gluconeogenesis. The expression of 
the GriPase gene is restricted to the liver, the kidney and the small intestine, and is 
increased during diabetes and fasting in all three tissues. In order to study the 
transcriptional regulation of the G6Pase gene in enterocytes, we have taken advantage 
of the human colon adenocarcinoma CaCo-2 cell line, which is able to differentiate 
into enterocyte-like cells after several days of culture at post-confluence. At this time 
only, they express the endogenous G6Pase gene. 

Materials and Methods: The -I640/+60 bp region of the G6Pase gene was cloned 
upstream of a Iuriferase reporter gene containing a selectable marker conferring 
resistance to puromycin. GfrPase promoter constructs were transfected in 
undifferentiated CaCo-2 cells. The stably-transfected clones containing the G6Pase 
promoter were selected using puromycin and called CaCo-2/G6Pase-prom. cells. 
Promoter activity was assessed by luciferase activity corrected by proteins 
concentration. 

Results: In CaCo-2/G6Pase-prom cells, G6Pase promoter activity was low until the 
time of confluence and increased 2-fold after 1 week and up to 4 weeks after post¬ 
confluence. Moreover, at this time, the GriPase promoter activity was significantly 
stimulated by 1.4 and 2 fold in the presence (for 4Sh) of I0-6N1 and 10-5M forskolin, 
respectively. 

Conclusions: These results indicate that the G6Pase gene expression is induced by 
forskolin in enterocyte, like in hepatocyte. The CaCo-2/G6Pase-prom. cell line will be 
a useful tool to study the regulation of the G6Pase gene transcription in enterocyte. 
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Elucidation of the molecular interaction between glucokinase and glucokinase 
regulatory protein 

F. Francini, S. Baltrusch, M. Tiedge and S. Lenzen, Institute of Clinical Biochemistry, 
Hannover Medical School, 30623 Hannover, Germany 

Background and Aims: The low-affinity glucose phosphorylating enzyme 
glucokinase (GK) regulates glycolytic flux at millimolar glucose concentrations in 
liver and pancreatic beta cells. Hepatic GK activity is modulated on the 
posttranslational level through an interaction with a regulatory protein (GRP). Most 
recent studies demonstrate, that the GRP is responsible for the intracellular 
translocation of GK. We could recently identify an asparagine-leucine consensus 
motif within the GK protein by phage display librajy screenings which confer the 
binding to GRP. It was the aim of this study to characterize the molecular 
mechanisms underlying the interaction between GK and GRP. Materials and 
Methods: Site-directed mutagenesis of selected amino acids in the GRP and GK 
protein was performed by the Altered Sites II in vitro Mutagenesis System. Protein 
interactions of wild type and mutant proteins were characterized by the 
MATCHMAKER GAL4 Two-Hybrid System 2 and verified by growth selection and 
quantitative chemiluminescence C-galactosidase assays. GK enzyme activities were 
measured by a photometric assay. Results: An asparagine-leucine consensus motif of 
GK for interaction with GRP could be localized in three areas of the protein, Leu- 
309/Asn-313 (A), Asn-350/Leu-355 (B) and Leu58/Asn-204 (C). Binding motif A is 
part of a proposed nuclear export signal whereas motif C is located within the 
substrate binding site of GK. Only the double mutation of the amino acids Leu- 
58/Asn-204 inside the substrate binding site of the GK protein resulted in a complete 
loss of the interaction with GRP. In addition, we found that also the single mutations 
of Leu-58 and Asn-204 resulted in a complete loss of binding to GRP. In enzyme 
activity studies these mutations showed a significant loss of GK affinity for the 
substrate glucose. In contrast, the double mutation Asn-350/Leu-355 and the single 
mutation Leu-355 retained a significant interaction of GK/GRP in the range of 50 % 
of the wild type GK protein. Conclusion: The amino acids Leu-58 and Asn-204 of the 
GK protein play the most important role for the interaction between GK and GRP. As 
Asn-204 is localized in the substrate binding site the interaction of GK with GRP 
affects the catalytic function. 
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PROTEIN EXPRESSION LEVELS OF THE HEPATIC 
GLUCOKINASE REGULATORY PROTEIN (GLKRP) VARY IN A 
RANGE OF ANIMAL MODELS OF TYPE 2 DIABETES. 

H. Vertigan, I. Gurrell, K.J. Brocklehurst, B. Leighton and I.D. 
Waddell. 

CV&GI Discovery Department, AstraZeneca Pharmaceuticals, 
Mereside, Alderley Park, Macclesfield, Cheshire. SK10 4TG U.K. 
Aims: We used a new monospecific antisera to the glucokinase 
regulatory protein (GLKRP) to determine expression levels in differing 
animal models of diabetes. These included ob/ob and db/db mice and 
Zucker and Zucker fatty Diabetic (ZDF) rats. In addition we tested high 
and low glucokinase (GLK) expressing mice C3H and C58 for GLKRP 
expression. Materials and Methods: Recombinant rat GLKRP was 
used to immunise 3 New Zealand White rabbits. Each animal received 
4 doses over a 20 week period. Liver samples were run on 8-16% Tris- 
Glycine gels. After transfer to nitro-cellulose membrane and blocking 
of the membrane, GLKRP was detected using the purified antisera. The 
protein bands were visualised using a Western Breeze kit (InVitrogen). 
GLK antisera was from SantaCruz. Results: In mice the highest 
expression of GLKRP was in ob/ob and db/db. However db/db mice 
expressed significantly less GLK than either ob/ob or control mice. 
C3H expressed significantly more GLK than C58, as was expected, and 
a similar pattern was observed for GLKRP. In the rat models both the 
Zucker and the ZDF expressed significantly more GLKRP than controls 
however both contain marginally less GLK than controls. Conclusions: 
We conclude from these results that careful consideration should be 
given to the selection of the appropriate animal model, based on 
expression of GLK and GLKRP when testing agents which affect the 
early steps of hepatic carbohydrate metabolism. 
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Skeletal muscle cells from insulin resistant (non-diabetic) individuals are 
susceptible to insulin desensitization by fatty acids 

C. Kausch, J. Kriitzfeldt, S. Matthaei, H.-U. Haring and M. StumvoII. Medizinische 
Klinik, Abt. IV, Universitat Tubingen, Germany 

Background and Aims: We recently demonstrated that insulin sensitivity in cultured 
skeletal muscle cells was not different between insulin sensitive and insulin resistant 
subjects (Diabetes 2000; 49, 992-998). One possible interpretation of these findings 
was that insulin action or signalling in these individuals was not primarily defective. 
In the present studies therefore, we tested the hypothesis that incubation of isolated 
skeletal muscle cells with fatty acids has an effect on insulin action which differs 
between insulin sensitive and insulin resistant subjects. 

Materials and Methods: 5-day fused myotubes from 6 lean insulin-resistant (IR) and 
6 carefully matched insulin-sensitive (IS) subjects (metabolic clearance rates of 
glucose determined by euglycemic-hyperinsulinemic clamp: 4.5 ± 0.03 vs. 13.8 ± 1.95 
ml kg-1 min -1; p < 0.001) were incubated in the absence or presence of palmitate, 2- 
bromo-palmitate and linoleate for 20h. 

Results: Insulin-stimulated (100 nM) glycogen synthesis decreased by 46 ± 1 % in 
cells from IR subjects but remained unchanged in cells from IS subjects (p vs IR “ 
0.02). PI-3 kinase activity decreased by 36 ± 2 % in cells from IR subjects, but was 
not different in cells from IS subjects (p vs IR = 0.07; n = 4 pairs). PI 3-kinase p85 
protein expression was unaltered. No significant differences were found for glycogen 
synthesis and PI 3-kinase activity after linoleate and 2-brorao-palmitate treatment. 
Furthermore, insulin activation of PKB/Akt, GSK-3, and the respective protein 
expression were not different after palmitate, linoleate or 2-bromo-palmitate treatment 
(n = 4 pairs). 

Conclusions: Palmitate but not 2-bromo-palmitate incubation impaired insulin action 
in cells from IR but not from IS subjects. Our data thus provide preliminary evidence 
that insulin resistance of skeletal muscle does not necessarily involve primary defects 
in insulin action but could represent susceptibility to the desensitizing effect of fatty 
acids (and possibly other environmental factors). This effect appears to be coupled to 
fatty acid metabolism. 
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Pancreatic Glucose and Methionine Uptake in Vivo in Healthy Men and Men 
with Newly Diagnosed Type 1 Diabetes. 

T. KalJiokoski, O. Simell, K. Virtanen, S. Erkkila, P. Savolainen, K. Vesalainen, H. 
Minn, K. Nigren, J. Knuuti, T. Ronnemaa and P. Nuutila. Departments of Pediatrics 
and Medicine, and PET Centre, University of Turku, Turku, Finland 

Background and Aims: Because activated lymphocytes utilize up to 50 times more 
glucose than resting cells, w'e evaluated possibilities to visualize insulitis in vivo with 
positron emission tomography (PET) using 18F-2-fiuoro-2-deoxy-D-glucose (FDG) 
and 11 C-methionine as uptake markers. 

Materials and Methods: Nine male patients with newly (3 ± 2 months) diagnosed 
multiple autoantibody positive type 1 diabetes and 6 age-matched healthy control 
males were studied during euglycemia after an overnight fast. For definition of the 
regions of interest (ROIs) in the main body of pancreas, the organ was first localized 
with MRI and with 11 C-methionine, which showed high uptake to the exocrine 
pancreas and accurately visualized the pancreas also in the PET. The accumulated 
FDG and 11 C-methionine data were analyzed graphically. 

Results: Fractional 11 C-methionine uptake, which especially in the body of the 
pancreas was intense, was slightly lower in the pancreas of the patients with diabetes 
than the controls (Ki = 0.13 ± 0.05 vs. 0.19 ± 0.09, p=0.08). Fractional FDG uptake 
was not significantly different between the patients and the controls (0.0033 ± 0.0010 
vs. 0.0026 ± 0.0013, p=0.15), but plasma glucose -corrected FDG uptake was higher 
in the patients with diabetes than in the controls (2.0 ± 0.7 vs. 1.3 ± 0.6 mmol/100 g 
of tissue/min, p=0.03). The ratio between glucose and 11 C-methionine uptake in the 
pancreas was twice as high in the patients with type 1 diabetes than in the controls 
(p<0.05). 

Conclusions: We conclude that adult men with type 1 diabetes show slightly lower 
pancreatic methionine uptake, but glucose uptake to the pancreas is enhanced. The 
data suggest that proper cellular or membrane markers of T cell activation may 
produce signal intensities in PET that allow in vivo visualization of insulitis at least 
when the islet infiltrating cells remain functionally active. 
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DIFFERENTIAL EFFECTS OF FATTY ACIDS ON RINM5F CELLS 
DEPEND ON SATURATION AND CHAIN LENGTH 

N. Bee harry and I. C. Green, School of Pharmacy and Biomolecular Sciences, 
University of Brighton, Sussex, U.K. 

Background and Aims: Saturated fatty acids, such as palmitic acid, have been shown 
to induce nitric oxide synthase and apoptotic cell death in some tissues. In this study, 
w-e determined whether saturation and chain length of fatty acids influences RINmSF 
cell function, survival and expression of inducible nitric oxide synthase (iNOS). 
Methods: RINmSF cells were exposed for 12-72h to six fatty acids which were:- 
saturated - palmitic acid Cl6:0 (PA) or stearic acid Cl8:0 (SA), monounsaturated - 
palmitoleic acid Cl6:1 (POA) or oleic acid Cl8:1 (OA), and polyunsaturated - 
linoleic acid Cl8:2 (LA) or docosahexaenoic acid C22:6 (DHA). Cell viability and 
insulin secretion were measured. iNOS protein was quantified by Western blotting; 
Hoechst-propidium iodide staining was used to determine apoptosis and necrosis. 
Results: Exposure only to saturated fatty acids (50-200gM) decreased RINmSF cell 
survival - untreated cells 31.3 ± 3.3; (PA 50jiM) 8.7 ± 2.0 P<0.001 and (SA 50pM) 
10.2±1.8 mg cell protein P<0.001. Apoptosis rose from 0.4 % to 9.1% (PA) and 
8.1% (SA) respectively. Western blot analysis confirmed that iNOS protein was not 
expressed in response to PA, POA, SA, or DHA treatment for 24h. However, 
interleukin-IB-induced iNOS expression was down-regulated and nitric oxide (nitrite) 
formation decreased by DHA (150mM) (117 vs. 52 integrated density units). DHA 
also normalised the IL-1 effect on insulin secretion. 

Conclusions: The deleterious effects of fatty acids on RINm5F cells are specific to 
saturated forms. Saturated fatty acid cytotoxicity does not involve induction of iNOS 
but, unexpectedly, the polyunsaturated C22:6 fatty acid docosahexaenoic acid was 
found to down regulate the expression of iNOS. 
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Tumor necroses factor-alpha inhibits insulin-stimulated glucose uptake in humans 
C. Rask Madsen, H. Dominguez, N. Ihiemann, L. Kober, C. Torp-Pedersen. Department 
of Cardiology, Gentofte University Hospital, Copenhagen, Denmark. 

Background and aims. In patients with insulin resistance, obesity, and type 2 diabetes, 
adipose tissue overexpress tumor necrosis factor-alpha (TNF), and circulating TNF 
concentrations are elevated. Furthermore, TNF has been shown to inhibit insulin- 
stimulated glucose uptake in animal models and in vitro, and may thus be a mediator of 
insulin resistance. The aim of this study was to examine whether TNF acutely inhibits 
insulin-stimulated glucose uptake in lean, healthy humans. 

Materials and methods. Male, lean, healthy volunteers were examined at two different 
occasions sepcrated by >3 w'eeks, starting in the morning in the fasting state. The perfused 
forearm method was used by infusing drugs into the brachial artery and measuring forearm 
blood flow by venous occlusion plethysmography. Glucose uptake was measured as the 
product between the arterial-venous difference of plasma glucose and forearm blood flow 
and is expressed below as micromoles per 100 ml tissue per minute. Insulin 0.05 mU/min 
was infused for 20 minutes; we have previously shown that this increases serum insulin in 
the perfused arm by a factor - 10 with a marginal increase in systemic serum insulin. After 
60 minutes with saline infusion only, human recombinant TNF was infused for 10 
minutes. Subsequently, TNF infusion was continued with co-infusion of either insulin (day 
T+I, n=12) or vehicle (day T, n=9) for 20 minutes. 

Results. Insulin stimulation increased glucose uptake 98% (from 0.8+0.1 to 1.6+0.2, 
pooled results from both days, p=0.001). As expected, glucose uptake at baseline before 
TNF infusion (1.2+0.1) was higher than at baseline before the primary insulin stimulation 
(0.8+0.1), although not significantly so (p=0.09). TNF infusion alone raised plasma TNF 
from 1.4±0.5 to 134±36 in the perfused arm and to 6.5±1.4 ng/1 in the contralateral arm, 
but did not significantly change glucose uptake on either day (from 1.2±0.2 to 1.0±0.1, 
p=0.3). Repeated insulin stimulation during co-infusion with TNF (day T+I) resulted in an 
insignificant 36% increase in glucose uptake (from 0.9±0.2 to 1.2+0.1, p=0.18). After co- 
infusion of TNF with vehicle (day T), glucose uptake decreased insignificantly (from 
1.2+0.3 to 0.9+0.2, p=O.09). 

Conclusions. To our knowledge, this is the first direct demonstration that TNF inhibits 
insulin-stimulated glucose uptake in humans. The results support the concept that TNF 
may mediate insulin resistance in individuals with obesity and type 2 diabetes. 
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PRE-HYPERGLYCAEMIC EFFECTS OF A HIGH FAT DIET IN THE VERVET 
MONKEY 

S. Wolfe-Coote, J. Louw and C. Woodroof, Diabetes Research Group, MRC, 
Tygeiberg, Cape, South Africa. 

Background and Aims: The transition from rural to urban life of the South African 
black populations is associated with an increased incidence of obesity and type 2 
diabetes. Evidence suggests that this is related, in part, to increased fat 
consumption, possibly exacerbated by in utero programming for the limited diet 
available in rural areas. The aim of this study is to emulate the dietary changes 
associated with this transition in the Vervet monkey and monitor the long-term 
effects on weight, glucose clearance and plasma levels of insulin, pro-insulin, 
glucagon, free fatty acids (FFAs), Ieplin and cholesterol. Materials and Methods: 
A group of monkeys (n=5) is being maintained on the same quantity of a high fat 
(43%) diet (HFD) as fed to a control group on a maintenance (20%) diet. Weiglit, 
GTTs and plasma analyses were recorded at regular intervals. Results: A rapid 
initial effect was observed, at 17 days, of reduced insulin levels and glucose 
clearance rates and raised levels of glucagon, FFAs, plasma and LDL cholesterol 
and leptin. Insulin, glucose clearance rate and leptin levels returned to normal after 
four to five months but then became progressively unstable in two of the monkeys. 
Fasting pro-insulin: insulin ratios progressively increased after 7 months of diet in 
three monkeys. The highest weight increases of 52% and 59% were in the two 
monkeys most compromised by the diet. Despite all of these changes, fasting 
glucose levels remained within die normal range after two years of a HFD although 
fasting HbAlc values in all of the monkeys steadily increased after 19-21 months of 
the HFD. Conclusion: A HFD appeared to have a rapid and sometimes sustained 
effect on all of the parameters measured in this study. Not every monkey exhibited 
the same combination of effects and the individuals with the largest weight gain 
appeared to be most compromised by the diet Glucose levels remain in the normal 
range after 2 yrs of diet but HbAlc values were increasing above the normal range 
in all five monkeys after 18 months of the diet. 
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LIVER FAT CORRELATES WITH FEATURES OF INSULIN RESISTANCE 
INDEPENDENT OF OBESITY LN PREVIOUS GESTATIONAL DL\BETES 
M. Tiikkainen, M. Tamminen, R. Bergholm, S. Vehkavanra, A.-M. 
llakkinen, A. Rissanen, J. Halavaara, K. Teramo and H. Yki-Jarvinen. 
University of Helsinki, Helsinki, Finland 

Background and aims: Extra-adipose tissue lipogenesis in muscle has been 
associated with insulin resistance of glucose uptake. We determined whether 
ectopic lipogenesis in the liver is associated with insulin resistance of hepatic 
glucose production in previously gestational diabetic obese women. Material 
and methods: We recruited 26 obese (age 37±1 yrs., BMI 28-35 kg/m 2 ) 
previously gestational diabetic women. Liver fat content was determined by 
proton spectroscopy, insulin sensitivity by using the euglycemic insulin clamp 
technique, glucose tolerance by OGTT and large artery stiffness, a recently 
described feature of the insulin resistance syndrome, by measuring the 
augmentation index with pulse wave analysis. 

Results: Within this group of obese women, the 9c liver fat was not correlated 
with either BMI (r=0.26, NS) or the waist to hip ratio (r=0.29, NS). The % liver 
fat correlated, however, with several features of insulin resistance: fasting serum 
insulin (r=0.53, p=0.006), the 2 hr plasma glucose concentration (r=0.49, 
p=0.01), serum triglycerides (r=0.50, p=0.01) and whole body insulin sensitivity 
(r=-0.42, p=0.03). Liver fat content also correlated with large artery stiffness 
(r=0.61 for the augmentation index, p=0.001). Conclusions: Clinical and 
biochemical features of insulin resistance correlate with liver fat content 
independent of obesity amongst obese women with previous gestational diabetes. 
These data demonstrate that some women have a stronger tendency to deposit fat 
outside adipose tissue (‘ectopic lipogenesis’) than others. These women have a 
more adverse cardiovascular risk profile than those who can keep fat where it 
belongs. 
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Muscle Mass Heavy Chain (MHC) Gene Transcripts in Type 2 Diabetes 

P.G. Halvatsiotis, Jill Schimke, K.S. Nair 
Endocrinology Division, Mayo Clinic, Rochester, MN 55905 

Background and Aims: Association of reduced skeletal muscle fiber tyP e I and 
increased type lib fibers have been reported to occur in people with type 2 diabetes 
and their non-diabetic first-degree relative with insulin resistance. It is unclear 
whether glycemic control causes these changes or the fiber types cause insulin 
resistance. Muscle fiber types are determined by the relative expression of MHC 
isoforms. We investigated the role that glycemic control and plasma insulin levels 
play in the MHC iso forms gene expression. 

Materials and Methods: We determined MHC isoform gene transcript levels in 
vastus lateralis needle biopsy samples, using a real-time QPCR technique. We studied 
7 type 2 diabetic patients (BMI=30.9 +/- 0.4 kg/m2) once after 2 weeks off treatment 
(D2-) and another time following 11 days of intensive insulin treatment (D2+) and in 
control subjects matched for age, gender and weight (C) (BMI = 30.2 +/- 0.4). 
Results: Plasma glucose (D2- = 10.5 +/- 0.88 mmo/1, D2+= 4.9 +/- 0.21 mmol/1, C = 
4.8 +/- 0.12 mmol/1) and insulin (D2- = 27.6 +/- 4.22 pmol/1, D2+ = 70.3 +/- 10.72 
pmol/1, C = 40.8 +/- 12.68 pmol/1) levels, as well as their insulin sensitivity (D2- = 
3.21 +/- 1.4, D2+ = 3.16 +/- 0.7, C= 5.28 +/- 1.2), were different among the groups 
(P<0.01). MHC I was lower in D2- (28.0 +/- 6.7 AU) than C (55.3 +/- 12.7) (P<0.04) 
and insulin treatment (D2+) (76.7 +/- 17.0) abolished these differences. MHC 11a was 
higher in D2+ (3.95 +/- 0.8 AU) than in D2- (2.3 +/- 0.5) (P<0.04). MHC IIx was 
higher in D2+ (5.8 +/- 0.4 AU) than D2- (2.3 +/- 0.5) (P<0.07). MHC isoform gene 
transcript levels are varied based on circulating insulin levels and glycemic control. 
Conclusions: The altered MHC isoform gene transcription in skeletal muscle in 
people with type 2 diabetes is related to their treatment status and is unlikely to be the 
basis of their muscle insulin resistance. 
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Heiosamine biosynthesis pathway intermediates and protein kinase C-isoforms in muscle 
and fat tissue of Zucker diabetic fatty rats 

R-R. Bosch(lXS.W.J. Jansscn(2,4), P.N. Span(l), A.J. Olthaarf 1X S.E. van Emst-de Vries(3), 
P.H.G.M. Willem s(3), GJJM Ktotens(4), A.R.M.M. Herraus(2) and C.G.J.S\veep(l). 
(l)Departmcnt of Chemical Endocrinology, (2)Department of Endocrinology, (3)Dcpartmcnt of 
Biochemistry, University Medical Centre Nijmegen, The Netherlands, (4) Department of 
Animal Physiology, Faculty of Science, University of Nijmegen, The Netherlands. 

Background and Aims: Many studies suggest that insulin resistance develops and/or is 
maintained by an increased flux of glucose through the hexosamine biosynthesis pathway. In 
addition, it is suggested that this pathway attenuates insulin-stimulated glucose uptake by 
activating protein kinase C (PKC). In general, it is believed that PKC plays a pivotal role in the 
cellular effects induced with hyperglycemia. We investigated 1) by HPLC analysis the 
concentration of the major hexosamine metabolites and 2) by Western blotting the expression 
levels of PKC-isoforms in Zucker Diabetic Fatty (ZDF) rats, art animal model for type 2 
diabetes mcllitus. 

Results: At the age of 6 weeks these rats were normoglycemic. While control rats remained 
normoglycemic, the ZDF rats became clearly hyperglycemic with blood glucose concentrations 
of approximately 25 jnM at 12 weeks of age and older. First, the amount of uridine 
diphosphate-N-acctyl-glucosamine (UDP-GIcNAc) and uridine diphosphate-N-acetyl- 
galactosamine (UDP-GalNAcX the major end-products of the hexosamine biosynthesis 
pathway, was determined in muscle tissue of ZDF rats at 6,12,18 and 24 weeks of age. Despite 
the chronic hypergly cemia, when ZDF rats w ere 12 w eeks of age and older, no increase in the 
amount of the two UDP-lirJced hexosamines was detected. Moreover, the concentration of 
UDP-GIcNAc and UDP-GalNAc did not differ from (normoglycemic) control rats. Finally, 
maintaining the blood glucose concentration at 7 mM of ZDF rats by administration of 
phlorizin did not affect the levels of UDP-GIcNAc and UDP-GalNAc. Second, we assessed 
which PKC-isoforms ere expressed in muscle and fat tissue, and whether their levels were 
affected in ZDF rats. In muscle and fat tissues from (normoglycemic) 6 and (hyperglycemic) 24 
weeks old ZDF rats, PKCalpha, delta, epsilon and zeta are expressed, but not PKCbcta and 
gamma. A similar pattern was observed in tissues from control rats of identical age. By 
comparison of ZDF and control rats at 24 w eeks of age we observed no difference in expression 
levels of any of the PKC-isoforms in both muscle and fat tissue. 

Conclusionstln summary', our data do not support a prominent role for the 
hexosamine synthesis pathway and PKC in the development or maintenance of the 
insulin-resistant state of muscle and fat tissue in the ZDF rats. 
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Simultaneous treatment of isolated skeletal muscle with interleukin 6 and 
tumour necrosis factor decreases insulin stimulated glycogen synthesis 
A.L. Thompson, L.V. Campbell, G.J. Cooney. Garvan Institute of Medical Research, 
384 Victoria Street, Darlinghurst, NSW, Australia 

Background and Aims: A primmy defect of insulin resistant skeletal muscle is decreased 
insulin-mediated glycogen synthesis but the mechanisms responsible for this decrease are 
not completely understood Insulin resistance is also present with inflammation and 
infection. Recently, small increases in concentrations of cytokines such as tumour necrosis 
factor (TNF) and interleukin 6 (IL6) has been observed in insulin resistant conditions such 
as type II diabetes and obesity. It has been reported that TNF docs not affect glucose 
metabolism in isolated skeletal muscle but the effect of IL6 on insulin action in isolated 
skeletal muscle has not been investigated The aim of this study was to determine whether 
IL6 by itself or in combination with TNF has any effect on insulin action in skeletal 
muscle. Materials and Methods: Soleus muscle strips isolated from male Wistar rats 
were incubated for four hours in vitro in the absence of cytokines (control), in the presence 
of IL6 (100, 200, 500pg/mL) and'or TNF (lOng/mL) in Krebs-Rmger bicarbonate buffer 
containing 5.5mM glucose in an atmosphere of 95%02: 5%C02. Muscles were then 
incubated in similar media that also contained insulin (10 or lOOOpU/mL) and tracer 
quantities of 14C-glucose and 3H-2-dcoxyg!ucose for one hour. Insulin-mediated glucose 
transport/phosphorylation and glycogen synthesis were then determined All results are 
expressed as mean±SEM in pmol/h/g wet wt Results: Insulin (lOOOpU/mL) caused a 
significant increase above basal in the rates of glucose transport/phosphory!arion (2 fold; 
p<0.001) and glycogen synthesis (6 fold; p<0.001). There was no effect of cytokine 
treatment on the insulin stimulated rate of glucose transport/phosphory I ati on (control 
3.4840.17, TNF 3.4340.22; IL6 3.5640.17; combination 3.2440.11). IL-6 alone 
(500pg/mL) or TNF alone did not affect insulin stimulated glycogen synthesis. However, 
the combination of IL6 (500pg/mL) and TNF (1 Ong/mL) significantly decreased insulin 
stimulated glycogen synthesis (control 2.5040.32 cf combination: 1.6940.14 p<0.01). In 
the presence of TNF, IL-6 decreased glycogen synthesis in a concentration dependent 
manner (Opg/mL: 2.32±0.21; lOOpg/mL: 2.4740.04; 200pg/mL: 1.9540.20; 500pg/mL: 
1.7140.15 p<0.05). Conclusions: This study shows that when combined, TNF and IL6 
impair insulin stimulated glycogen synthesis. TNF has been reported to upregulate IL6 
receptors in myocytes. The latter may be the basis for the combined effect on glycogen 
synthesis and provide a mechanism by which these cytokines have a direct role in altering 
skeletal muscle insulin action in vivo. 
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HYPERGLYCEMIA-INDUCED INSULIN RESISTANCE IS NOT CAUSED 
BY OVERACTIVITY OF THE HEXOSAMLNE PATHWAY LN TYPE 2 
DL\BETES 

P. Span 1, M. Pouwels 2,3, C. Tack 2, A. Olthaar 1, F. Sweep 1, F. Huvcrs 2,5, B. v. 
Engelen 4, J.Luttcnnan 2 and A. Hermus 3. 1 Dpt of Chemical Endocrinology, 2 
Divisions of General Internal Medicine and 3 Endocrinology, Dpt of Medicine, 4 Dpt 
of Neurology, University Medical Center St Radboud, PO Box 9101, 6500 HB 
Nijmegen, 5 St. MaartensKliniek Nijmegen; The Netherlands. 

Background and Aims: Animal studies suggest that overactivity of the hexosamine 
pathway, resulting in increased UDP-hexosamine levels, is a major mechanism by 
which hyperglycemia causes insulin resistance. This study was performed to test this 
hypothesis in diabetic patients. Materials and Methods: Protocol A: 8 obese, insulin 
resistant patients with uncontrolled type 2 diabetes despite insulin treatment (BMI 
3845.8 kg m-2, HbAlc 12.041.7 %, insulin dose 1.9240.65 U/kg/day) were treated 
with insulin i.v. for 2846 days aimed at strict euglycemia. Before and after treatment, 
insulin sensitivity was measured using a hyperinsulinemic euglycemic clamp, and a 
muscle biopsy (m. vastus lateralis) was taken for measurement of metabolites of the 
hexosamine route. Protocol B: In 8 diabetic (type 2) and 46 nondiabetic patients, who 
underwent hip replacement surgery, muscle tissue (ra. gluteus maximus) biopsies 
w ere obtained. Results: Protocol A: After euglycemia, hyperglycemia-induced insulin 
resistance reversed, as demonstrated by an increase in whole body glucose uptake 
during the clamp from 12.745.6 to 22.348.8 micromol kg-1 min-1 and a decrease in 
insulin requirement from 176488 to 115±70 U/day, while metabolic control improved 
(HbAlc levels decreased to 8.641.1%). UDP-glucosc (substrate for glycogen 
synthesis) was undetectable before and after treatment. UDP-hexosamine levels (end 
products of the hexosamine pathway) increased significantly from 13.341.8 to 
18.144 0 nmol g tissue-1 (P<0.01). Protocol B: Mean UDP-glucose concentration was 
lower (5.643.4 nmol g tissue-1) in the diabetes group compared to the nondiabetes 
group (15.848.4 nmol g tissue-l(P< 0.01)), and UDP-hexosamine concentrations were 
not significantly different. Conclusions: After amelioration of hyperglycemia-induced 
insulin resistance, end products of the hexosamine pathway increased in skeletal 
muscle of patients with type 2 DM (protocol A). Hexosamine pathway metabolites 
were similar between diabetic and non-diabetic patients (protocol B). These results do 
not support the hypothesis that hexosamine metabolic endproducts are involved in the 
pathogenesis of glucose-induced insulin resistance in patients with type 2 DM. 
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INCREASED TUMOR NECROSIS FACTOR-a SYSTEM ACTIVITY IN 
OBESE SUBJECTS WITH IMPAIRED GLUCOSE TOLERANCE. 

S. Dzienis-Strqczkowska, M. Strqczkowski, A. St^pien, M. Szelachowska, I. 
Kowalska and I. Kinalska. Department of Endocrinology, Medical Academy, 
Bialystok, Poland. 

Background and aims: Tumor necrosis factor-a (TNFa) may be one of the 
factors linking obesity with type 2 diabetes. However, data about TNFa system 
activation in impaired glucose tolerance (IGT) and diabetes are controversial. 
The aim of the present study was to evaluate plasma levels of TNFa and 
soluble fractions of TNFa receptors (sTNFRl and sTNFR2) in obese subjects 
with normal glucose tolerance (NGT) and IGT and to examine whether those 
levels are related to insulin sensitivity. Materials and methods: We examined 
11 obese subjects with IGT and 16 with NGT. 13 healthy lean subjects served 
as a control group. In all the subjects anthropometrical and biochemical 
parameters and plasma levels of TNFa, sTNFRl and sTNFR2 were measured. 
Hyperinsulinemic euglycemic clamp (insulin infusion: 50 mil x kg' 1 x hour’ 1 ) 
was performed to determine insulin sensitivity. Results: Anthropometrical 
measurements did not differ between the two groups of the obese subjects. 
Plasma TNFa and sTNFR2 were markedly higher in both groups of obese 
subjects in comparison to controls and in the IGT vs NGT group (p<0.05 in all 
cases). Plasma sTNFRl did not differ between the studied groups. IGT subjects 
were also more insulin resistant in comparison to NGT group (p<0.001) and 
controls (p<0.0005) and the NGT subjects were more insulin resistant than 
controls (p<0.01). Plasma sTNFR2 were markedly related to insulin sensitivity 
when all the study population was analyzed (r=-0.64; p<0.001) and also in the 
IGT (r=-0.81; p<0.005) and NGT (r=-0.52; p<0.05) groups. Those relationships 
remained significant after adjustment for BMI, WHR, percent of body fat and 
plasma glucose. Conclusions: Our data suggest that TNFa system contributes 
to the development of insulin resistance in glucose intolerant subjects. 
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PLASMA TUMOR NECROSIS FACTOR-ALPHA LEVELS AND INSULIN 
RESISTANCE IN NONDIABETIC HYPERTENSIVE SUBJECTS 
B. DEMIRBAS, S. GULER, B. CAKIR, I. SAHIN, C. CULHA, Y. ARAL 
Ankara Education and Research Hospital, Department of Endocrinology, Ankara, 
TURKEY. 

Background and Aims: Recent studies have shown that tumor necrosis factor-alpha 
(TNF-alpha) is associated with insulin resistance. However, whether TNF-alpha is 
related to insulin resistance in hypertensive subjects is still controversial. The aim of 
this study was to determine the status of TNF-alpha and insulin resistance in 
hypertension. 

Materials and Methods: Newly diagnosed nondiabetic 17 essentially hypertensive (6 
men, 11 women) patients, and 11 control healthy subjects (5 men, 6 women) are 
involved.in the study. Body mass index (BMI), waist/ hip ratio (YVHR), insulin, 
subcutaneous fat tissue thickness, fasting blood glucose, cholesterol, triglyceride, and 
TNF-alpha levels were measured. Insulin resistance is assessed according to 
homeostasis model of assessment (HOMA-IR). 

Results: Serum insulin (8.4*2.7 vs. 6.1±L4 mlU/ml; p<0.01), triglyceride 
(245.0*39.9 vs. 193.0*22.8 mg/dl, p<0.01), and TNF-alpha (4. I±1.4 vs. 1.7*1.7 
pg/ml; p<0.001) levels, and HOMA-IR (2.0*0 8 vs. 1.3*0.3; p<0.001) were 
significantly higher in the hypertensive patients compared to the normotensive control 
group. There were positive correlations between TNF-alpha levels and body mass 
index (r=0.5, p<0.01), subcutaneous fat tissue thickness (r=0.56, p=0.002), cholesterol 
(rO.51, p=0.006) and triglyceride (r=0.57, p=0.002) levels, and positive correlations 
between HOMA and subcutaneous fat tissue thickness (r=0.43, p<0.03) in the whole 
study group. However there were no correlation of either TNF-alpha or HOMA-IR 
with any of the study parameters when hypertensive and normotensive groups are 
analyzed separately. 

Conclusions: Our data revealed that hypertensive patients have insulin resistance and 
higher TNF-alpha levels, but there is no relation between TNF-alpha levels and 
insulin resistance. 


PS 40 

Experimental Insulin Resistance 

679 

Activation of Protein Kinase C delta by a distinct pathway mediates Tumor 
Necrosis Factor-alpha inhibition of Insulin Receptor signaling. 

T. Rosenzweig, L. Braiman, A. Bak, A. Alt, T. Kuroki, S.R. Sampson. Laboratory of 
Cell Physiology, Faculty of Life Sciences, Bar-IIan University, Ramat-Gan, Israel. 

Background and Aims: Tumor Necrosis Factor (TNF)-alpha, a multifunctional 
cytokine thought to be involved in the development of insulin resistance, has been 
shown to inhibit insulin receptor (IR) signaling. The mechanism of this effect is not 
clear. Studies from our laboratoiy have shown that certain protein kinase C (PKC) 
isoforms are invohed in the mediation of insulin effects in skeletal muscle. The 
purpose of this study was to examine the possibility that TNF-alpha may affect IR 
signaling via effets on specific PKC isoforms. 

Materials and Methods: Experiments were done on primary cultures of skeletal 
muscle, age 5-6 days in culture, obtained from newborn mice. 

Results: TNF-alpha given 5-min before insulin nearly completely prevented tyrosine 
phosphorylation of both IR and IRS-1, and caused a delay in insulin-induced IR 
internalization. Both TNF-alpha and insulin tyrosine phosphoiy lated and activated 
PKC delta, but the effects of TNF-alpha and insulin together w ere less than those of 
either substance alone. Insulin caused specific association between IR and PKC delta, 
an effect prevented by TNF-alpha. To further investigate the role of PKC delta in 
TNF-alpha inhibition of IR stimulation, we studied the effects of PKC delta 
overexpression and blockade. Overexpression of PKC delta increased IR tyrosine 
phosphorylation and abrogated the inhibitory effects of TNF-alpha on IR tyrosine 
phosphory lation, whereas overexpression of kinase inactive PKC delta inhibited both 
basal and insulin-induced IR phosphorylation. The results indicate that tyrosine 
phosphorylation of PKC delta by insulin and TNF-alpha involve different pathways. 
This is supported by findings that inhibition of Src tyrosine kinase reduced tyrosine 
phosphory lation of IR, PKC delta, and IR-PKC delta association induced by insulin 
but not by TNF-alpha. 

Conclusions: PKC delta is important for insulin-induced IR tyrosine phosphory lation 
and the continuation of IR signaling. Prior activation of PKC delta by TNF-alpha 
interferes with the role of PKC delta in IR signaling. We conclude that tyrosine 
phosphorylation of PKC delta induced by TNF-alpha occurs on different sites from 
those in response to insulin. The identification of these sites is currently under 
investigation. 
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Reduced glucose uptake in skeletal muscle of partially heiokinase II deficient 
mice. 

S. Heikkinen*#, A Virkamakia E. Pirinen*#, J. fanned, and M. Laakso*. *Dept of 
Medicine and #A.I.Virtanen Institute for Molecular Sciences, University of Kuopio, 
FIN-70211, and oDept ofMedicine, University of Helsinki, FIN-00290, Finland 

Background and Aims: Type 2 diabetes is characterized by decreased rates of 
insulin-stimulated glucose uptake and utilization, reduced hexokinase II (HKII) 
mRNA and enzyme production, and low basal levels of glucose-6-phosphate in 
insulin-sensitive skeletal muscle and adipose tissues where HKII is primarily 
expressed to catalyze the phosphorylation of glucose to gJucose-6-phosphate. We 
have previously generated HKII knock-out mice and shown that, although 100% HKII 
deficiency (HKII-/-) leads to early embryonic lethality, 50% HKII deficiency 
(HKU+/-) does not impair glucose tolerance of anesthetized mice, even if they were 
challenged with a high-fat diet. In this study, we investigated the effect of reduced 
HKII enzyme activity on tissue-specific glucose uptake. 

Materials and Methods: An intraperitoneal glucose tolerance test (2mg/g glucose) 
with non-metabolizable radioactive tracer (0.27pCi/g 2-deoxy-D-[l-3H]g!ucose 
(2DG)) was performed on female wild type and HKII*/- mice (N=6+6) at 15 vvk of 
age without anesthesia. For the analysis of tissue specific glucose uptake (Gupt; 
pmol/min/mg protein), blood samples, collected at 0, 15, 30, 60, 90, and 120min, 
were analyzed for plasma glucose and mean glucose specific activity (mGSA), and 
tissues, excised from mice killed at 120min, were analyzed for the accumulation of 
2DG-6-phosphate (2DGP). Glucose uptake for each tissue was calculated by dividing 
the 2DGP content with mGSA, and normalized for brain Gupt. 

Results: In HKII+/- mice, the accumulation of 2DGP was reduced by 40% in 
quadriceps (p=0.012). In keeping with the phosphorylation defect, serum glucose 
concentration declined from 15 min to 120 min significantly slower in HKII*/- mice 
than wild-type mice (69*23 vs. 105*28 pmol/l/min, p<0.05). 

Conclusions: In this study, we show that the 50% HKII deficiency leads to reduced 
glucose phosphorylation in skeletal muscle, indicating impaired glucose uptake, 
which in turn might result in a mild defect in glucose metabolism. Although the 50% 
HKII deficiency is not likely to lead to insulin resistance or type 2 diabetes, our data 
suggest that after a glucose challenge in awake, partially HKII deficient mice, glucose 
phosphorylation appears to be a rate-limiting step for glucose metabolism. 
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INOSITOL PHOSPHOGLYCANS AND INSULIN SENSITIVITY OF 
ADIPOCYTES FROM TWO STRAINS OF RATS; RELATION TO OBESITY. 

S. Kunjara, AL. Greenbaum, P. McLean and TW. Rademacher. Department of 
Molecular Pathology, University College London Medical School, W1P 6DB, UK 
Background and Aims : An insulin second messenger, inositol phosphoglycan A- 
type (IPG-A), regulates key enzymes of lipogenesis. Evidence exists for its 
involvement in NIDDM and obesity. Our observations that adipocytes from two 
normal strains of Wistar rat (suppliers: Harlan Olac (HO) or Charles River (CR) 
exhibited markedly different rates of lipogenesis from glucose in response to insulin 
and IPG-A in vitro, and that the accumulation of visceral fat was also different, 
prompted this study of the biochemical profiles of these two nominally similar 
strains of Wistar rats in order to throw light on the regulation of obesity and visceral 
fat accumulation. Materials and Methods: Adipocytes from the two Wistar strains 
(130-140g weight) were used to measure the effect of insulin (InM) or IPG-A on 
lipogenesis. Leptin release and blood levels were measured using a RIA kits. 
Results are means±SEM of not less than 6 separate experiments. Results: 
Lipogenesis from [U- ,4 C] glucose was stimulated +668±72% and +264±45% with 
insulin in adipocytes from CR and HO rats respectively; theequivalent values for 
IPG-A stimulation were +23±4% and +99±9%; the tissue content of IPG-A was 3.5 
times higher in CR/HO rats, in line with the basal rate of lipogenesis being 2-fold 
higher in adipocytes froni CR/HO. Enzymes of lipogenesis (ATP citrate lyase, 
malic enzyme, acetyl CoA carboxylase, fatty acid synthase) were all significantly 
higher (150-200%) in CR/HO; the rate of lipolysis CR/HO was + 160% (?<O.05). 
The respective fat pad weights were 0.491±O.OI7 and 0.616±0.029 (PcO.OOl); 
DNA (mg/g fat pad) and blood glucose were not different Other changes were the 
lower cAMP content of adipose tissue and the higher plasma leptin/insulin ratios in 
CR/HO rats. Conclusions : The apparent anomalous result of a higher rate of 
lipogenesis and response to insulin combined with a lower accumulation of fat pad 
lipid in CR group is interpreted as being due to a faster turnover of lipid, both 
synthesis and lipolysis, which, combined with the know*n effects of leptin in raising 
fatty acid oxidation by muscle and depressing insulin secretion, could be central to 
the lower rate of accumulation of visceral fat 
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Oral Treatment with a Glycogen Synthase Kinase-3 Inhibitor Improves 
Glucose Tolerance and Skeletal Muscle Glucose Transport Activity in Zucker 
Diabetic Fatty Rats 

E.J. Henriksen, K.W. Johnson, T.R. Kinnick, MP. O’Keefe, and S.D. Harrison. 
Department of Physiology, University of Arizona College of Medicine, Tucson, AZ 
USA; and Chiron Corporation, Emeryville, CA, USA. 

Background and Aims: Recent evidence has demonstrated a link between elevated 
glycogen synthase kinase-3 (GSK3) activity and insulin resistance in skeletal 
muscle of type 2 diabetic subjects, and we have shown that in vitro inhibition of 
GSK3 activity enhances insulin-mediated glucose transport activity in skeletal 
muscle of the markedly insulin-resistant Zucker Diabetic Fatty (ZDF) rat In the 
present,investigation, we have assessed the effects of acute oral treatment of ZDF 
rats with a novel small organic GSK3 inhibitor (CT98023) on glucose tolerance and 
skeletal muscle glucose transport activity. 

Materials and Methods: Male ZDF rats (9-10 weeks old, ~330 g) were dosed 
twice by gavage ov er a 3.5-hour period with either vehicle (1% CMC/0.1% Tw een) 
or 30 mg/kg CT98023. An oral glucose tolerance test (OGTT; 1 gftg; 120 min) and 
assessment of insulin-stimulated glucose transport activity (2-deoxyglucose uptake; 
I mM) in isolated epitrochlearis and soleus muscles were then completed. 

Results: The levels of CT98023 were enhanced in plasma and skeletal muscle by 
the treatment The glucose and insulin responses during the OGTT were reduced 
by 45% and 75%, respectively (both p<0.05), in the GSK3 inhibitor-treated 
animals. Thirty minutes after tire final GSK3 inhibitor treatment of the ZDF rats, 
stimulation of glucose transport with cither submaximally effective (100 pU/ml) or 
maximally effective (5 mU/tnl) insulin concentrations was significantly enhanced in 
isolated epitrochlearis (50% and 57%) and soleus (40% and 43%) muscles. Two 
hours after the final GSK3 inhibitor treatment, maximal insulin-mediated glucose 
transport in the soleus muscle, but not in the epitrochlearis, was still significantly 
elevated (26%) relative to vehicle-treated control. 

Conclusions: Oral treatment of insulin-resistant ZDF rats with a novel specific 
GSK3 inhibitor markedly enhances oral glucose tolerance and w hole-body insulin 
sensitivity, at least in part because of an improvement in insulin action on skeletal 
muscle glucose transport activity. In vivo inhibition of GSK3 activity appears 
promising as an intervention against the glucose intolerance and insulin resistance 
of skeletal muscle glucose disposal associated with the ZDF rat. 
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Inflammation as a part of the metabolic syndrome 

T. Temelkova-Kurktschiev, M. Keiser, C. Koehler, E. Henkel, M. Hanefeld. Centre 
for Clinical Studies, Technical University Dresden, Germany 

Background and Aims: Recently chronic subclinical inflammation was suggested to 
be a part of the metabolic syndrome. The aim of this study was to examine the 
relationship of inlammatory variables, such as C-reactive protein (CRP), leucocytes 
count and fibrinogen to parameters of the metabolic syndrome. 

Materials and Methods: A total of 782 subjects, aged 40 to 70 years, were analysed 
from the Risk factors in IGT for Atherosclerosis and Diabetes (RIAD) study. Plasma 
glucose, lipids, fibrinolytic and coagulation parameters and inflammatory variables 
were measured by conventional methods; proinsulin and real insulin by highly 
specific enzyme immunoassays and albuminuria by nephelometry. 

Results: Subjects with increased CRP exhibited significantly higher body mass index 
(BMI), waist to hip ratio (WHR), fasting and postprandial (pp) plasma glucose and 
glycemic spikes, insulin resistance (HOMA), free fatty acids, insulin (fasting and pp), 
plasminogen activator inhibitor, fibrinogen and microalbuminuria. Leucocytes count 
significantly correlated to blood pressure, BMI, WHR, triglycerides, high-density 
lipoprotein cholesterol, insulin resistance (HOMA), fibrinogen, plasminogen activator 
inhibitor, tissue plasminogen activator, microalbuminuria and low physical activity, as 
well as to fasting and pp levels of plasma glucose, proinsulin and specific insulin. 
Fibrinogen was significantly related to blood pressure, BMI, total cholesterol, 
triglycerides, insulin resistance (HOMA), plasma glucose, plasminogen activator 
inhibitor, tissue plasminogen activator and low physical activity. 

Conclusions: Our data support the hypothesis that inflammatory processes are 
interrelated with the metabolic syndrome. 
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Metformin corrects insulin resistance induced by chronic hyperinsulinism in 
HepG2 cells. 

A Hamann, L.Yuan, A Schonbeck, M. Schlimme, H. Miinzberg. 

Department of Medicine, University of Heidelberg, Germany. 

Background: A decreased hepatic glucose output is mainly responsible for the 
antidiabetic effect of metformin (MET), but the molecular mechanisms involved herein are 
insufficiently understood We therefore characterized the effect of MET on insulin 
signaling in the human hepatoma cell line HepG2, both under regular conditions and in 
cells in which insulin resistance had been induced 

Methods: HepG2 cells were incubated without or with MET (lOpM-lOmM) for 16h 
and'or stimulated with insulin (lOOnM) for 1 min. Protein amounts of insulin receptor 
(1R), IRS1, IRS2 and p85 subunit of PI3-kinase (p85) were determined in total lysates, 
while phosphorylated IR, IRS1, IRS2 and p85 interaction with IRS1 and IRS2 wore 
detected after immunoprecipitatioa For the second set of experiments, cells were 
incubated with (IOnM) or without insulin for 16h, together with (lOpM) or without MET. 
After washing of the cells, acute stimulation with insulin (lOOnM) was performed, before 
amount and phosphorylation of signaling proteins were determined 
Results: Under regular conditions, MET had no effect on total amounts of signaling 
proteins. 10 and lOOpM metformin had no significant effect on insulin-stimulated 
phosphorylation of IR, IRS1, IRS2 and the interaction of IRS 1 and IRS2 with p85. Higher 
concentrations resulted in a significant reduction of activation by 74% (IR), 82% (1RS1) 
and 73% (1RS2) along with reduced association of p35 with IRS 1 (-69%) and IRS2 (-63%; 
all p<0,05). Chronic preincubation with insulin caused a reduction of insulin's acute effect 
on phosphorylation of IR (-73%), IRS1 (-78%) and IRS2 (-77%; all p<0,05). Simultaneous 
preincubation with MET eliminated most of this effect and resulted in a reduction of acute 
insulin-stimulated phosphorylation of IR by only 20%, of IRS1 by 22% and of IRS2 by 
16%. A reduction of the total amount of IR, IRS1 and IRS2 after chronic pretreatment 
with insulin was almost normalized by metformin. While chronic insulin treatment 
reduced the p85-association of IRS I to 30 % and of IRS2 to 34% of control level, 
coincubation with MET restored the p85-associarion of IRS1 to 91% and with IRS2 to 
92% of control level. 

Conclusions: Under normal conditions, increased expression or phosphorylation of insulin 
signaling proteins does not seem to play a role in the effect of therapeutic MET 
concentrations on hepatocytes. Pharmacologic concentrations have inhibitory effects on 
signaling The suppressing effect of chronic hyperins ulinism on amount and 
phosphorylation of insulin signaling proteins is almost normalized by metformin in HepG2 
cells, indicatinc how the drue could improve hcoatic insulin resistance in tvoe 2 diabetes. 
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Basal Glycaemia and Glucose Tolerance is Improved after Resiniferatoxin in male 
Zucker Diabetic Fatty rats 

D.X. GRAM, AJ.Hansen, C.LBrand, R-D.Carr, MWilken and B. Ahrea 

Royal Veterinary and Agicultural University and Novo Nordisk, Denmark and University 

of Lund, Sweden. 

Background and Aims: It is known that sensory nerves are of importance for glucose 
homeostasis and insulin secretion. We have previously demonstrated that sensory 
denervation accomplished by capsaicin improves glucose tolerance and might prevent 
deterioration of type 2 diabetes in Zucker Diabetic Fatty (ZDF) rats. Resiniferatoxin, RTX, 
is an ultra potent capsaicin analogue, efficient after a single and 1000 fold lower dose than 
capsaicin and is generally better tolerated No previous studies have investigated RTX' 
influence on rodent type 2 diabetes and we therfore explored the hypothesis that sensory 
denervation accomplished by RTX improves type 2 diabetes in male ZDF rats. Materials 
and Methods: Two groups of overtly diabetic male ZDF rats (17 w, n=6) with matched 
fasting blood glucose (FBG) levels (FBG:10.9±1.8 vs. 12.5±1.7 mmol/1, p=0.525) and oral 
glucose tolerance (OGTT-AUC-BG:0-120 min: 2224L325 vs 2263±189 min*mmol/, 
p=0.919) were given either a single subcutaneous injection of RTX (0.1 mg/kg sc) or 
vehicle (VEH: saline and ethanol). Body weights were monitored during two weeks after 
which an OGTT was performed (samples: 0, 30, 60 and 120 min). Islets of Langerhans' 
were then isolated and used for in vitro studies of glucose stimulated insulin secretion. 
Results: Data are meaniSE (FBG: Students t-test and AUC: Mann-Whitney U test). Two 
weeks after RTX or VEH, weight curves were indifferent between groups. However, FBG 
was decreased after RTX (FBG:7.5±0.9 vs I0.0±0.8mmol/1, p- 0.073) and oral glucose 
tolerance was improved (OGl l-AUC-BG.0-120 min: 1366±218 vs 1873±121 
min*mmot/. p=0.055). This improvement was paralleled by a higher 30-min insulin 
response in RTX treated rats (OGTT-AUC-INS:0.30 min: 23750±7090 vs 11248±1585 
min*pmol/l, p=0.025). The ratio between blood glucose and plasma insulin for the first 30 
min after oral glucose was also significantly lower after RTX (AUC-BG/INS(0- 
30min):021±0.006 vs 0.041 ±0.006, p-0.029). Glucose stimulated insulin secretion from 
isolated islets was not affected by RTX. Conclusions: Sensory denervation by RTX 
improves the state of type 2 diabetes in severely diabetic male ZDF rats by reducing basal 
glycaemia and improving glucose tolerance partly due to a higher insulin secretion. Since 
a potentiation of the glucose-stimulated insulin secretion is not observed in isolated islets, 
we suggest that the glycaemic effect observed in vivo results after improvement of 
hormonal and'or neural stimulatory influences on beta cell function following the sensory 
denervation. 
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DECREASED GLUCOSE UPTAKE AND GLYCOGEN SYNTHESIS IN 
CULTURED HUMAN SKELETAL MUSCLE CELLS AFTER CHRONIC IGF- 
1-STIMULATION 

Krutzfeldt J, Kausch C, Haring HU, and Stumvoll M. 

Mcdical Clinic IV, University of Tubingen, Tubingen, Germany 

The effects of chronic insulin growth factor-l (IGF-1) stimulation of skeletal muscle 
cells were studied. Cultured human myoblasts were incubated for a 4 day-fusion 
period with or without recombinant IGF-1 (60 ng/ml). Acute IGF-1 effects were 
ended by a serum-free incubation for 5 h. Subsequently, cells were stimulated with or 
without 100 nmol/1 insulin for measurements of insulin signalling, glucose uptake and 
glycogen synthesis. Chronic IGF-1 treatment increased protein synthesis (1.14±0 03 
vs. 0.86±0.03 relative units [relU] per cell culture dish, IGF-1 vs. control, p<0.05) and 
enhanced myogenic differentiation (creatine kinase activity: 1.20±0.04 vs. O.80±O.O4 
relU, p<0.05, a-sarcomeric actin-content: 1.39±0.09 vs. 0.6I±0.09 relU, p<0.05, per 
mg of protein). IGF-1 decreased absolute basal (0.7910.03 vs. 1.0I±0.04 relU, 
p<0.05) and insulin-stimulated (0.91±0.05 vs. 1.26±0.05 relU, p<0.05) glucose uptake 
as well as absolute basal (0.5310.02 vs. 0.7710.03 relU, p<0.05) and insulin- 
stimulated (1.0810.09 vs. 1.6210.06 relU, p<0.05) glycogen synthesis, but did not 
influence insulin responsiveness. Chronic IGF-1-stimulation decreased insulin- 
stimulated serine phosphorylation of protein kinase B (PKB) (1.3210.08 vs. 
2.1910.08 relU, p<0.05) and PKB protein-content (0.9510.01 vs. 1.05±0.01 relU, 
p<0.05). No significant reduction was measured for insulin-stimulated insulin 
receptor-substrate-1 associated phosphatidylinositol 3‘-kinase activity (0.8810.18 vs. 
1.1210.18 relU, p=0.52). These data suggest that the beneficial effects of IGF-1 
treatment in insulin resistant states are not explained by chronic effects of IGF-1 on 
glucose metabolism in skeletal muscle. 
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Chronic Hyperinsulinism Affects Insulin Receptor Intracellular 
Processing in Cultured Muscle Cells. 

Luca BENZI, Paolo CECCHETTI, Anna BERTACCA, Margherita 
MAFFEI, Lara BALDACCI, Azzurra CECCHETTI, Graziano DICIANNI, 
Laura VOLPE, Stefano DEL PRATO, Annamari3 CICCARONE. Pisa, Italy 

A crucial issue in the interpretation of the derangements of insulin- 
insulin receptor complex in cells from type 2 diabetic patients is the 
role played by hyperinsulinemia. We examined the effect of chronic 
hyperinsulinism (3-6 weeks) on insulin receptor (IR) cellular 
trafficking in skeletal muscle cells (SKMC), grown in media 
containing 43-47 pM (N) or 1.07-1.43 nM (H) insulin. Chronic 
hyperinsulinism decreased significantly insulin-IR binding (1.8±0.5% 
vs 4.3±0.9%, p<0.01) but not hormone internalization. IR expression 
evaluated by immunoblotting with anti insulin receptor B-subunit 
antibody was superimposable in N and H. Internalized insulin-IR 
complex which remains undissociated was higher (p<0.05) after 15 
min in SKMC-H (42.6±1.16%) than in SKMC-N (30.85±2%) but the 
values become similar after 45 min. Moreover, SKMC-H showed a 
complete but slower (p<0.05) recycling of IR back to plasma 
membrane (tl/2= 20 min vs SKMC-N tl/2= 7 min). Intracellular 
insulin degradation was not different in the two experimental 
conditions. As a consequence the concentrations of total intracellular 
insulin measured by HPLC were significantly (p< 0.01) lower in H 
than in N cells. We conclude that continuous exposure to high insulin 
levels induces in cultured SKMC a down regulation of insulin binding 
and some alterations of intracellular insulin-IR complex processing. 
These features do not resemble those reported in cells from patients 
with type 2 diabetes mellitus. 
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IN VIVO 'H-NMR SPECTROSCOPY FOR DETERMINATION OF 
INTRAMYOCELLULAR LIPIDS IN ZUCKER DIABETIC FATTY RATS 
C. Franke, J. Kuhlmann, U. Belz, J. Kalisch, W. Kramer, H-P. Jurctschke, 
and AAV. Hcrling 

AVENTIS PHARMA Deutschland GmbH, Frankfurt, Germany 
Background: There is growing evidence that increased levels of lipids in 
muscle cells (IMCL) are involved in insulin resistance. The aim of the present 
study was to use the 'H-NMR spectroscopy technique at high magnetic Field 
strength (7T) for monitoring IMCL in vivo in ZDF rats over 16 weeks (age: 6 
to 21 weeks) and to correlate IMCL to the insulin sensitivity measured by the 
euglycemic-hyperinsulinemic glucose clamp technique. 

Material and Methods: 15 male obese ZDF rats (fa/fa) and 15 lean control 
rats (+/?) were used. 5 rats per group were clamped at the age of 6 weeks to 
determine their insulin sensitivity (insulin: 4.8 and 9.6 mU/kg/min). IMCL of 
the other rats were monitored by 'H-NMR spectroscopy several times until 
they were 18-21 weeks old. At the end of the study insulin sensitivity was 
measured by another glucose clamp study. 

Results: At the age of 6 weeks the glucose infusion rate (GIR) in obese ZDF 
rats was 2.7 and 8.9 mg/kg/min for the low and high insulin infusion rate, re¬ 
spectively (control: 20 and 28 mg/kg/min), indicating insulin resistance in 
prcdiabctic obese animals. 'H-NMR spectroscopy measurement of IMCL at 
that age demonstrated already a 2.3 times higher IMCL signal in obese ani¬ 
mals compared to lean control rats. IMCL increased during the study period 
up to 10-fold in obese vs lean rats. At the end of the study insulin resistance 
was confirmed functionally in obese ZDF rats compared to lean control rats. 
Conclusion: It is concluded that monitoring of IMCL signals by 'H-NMR 
spectroscopy in rats might be a useful method for the longitudinal characteri¬ 
zation of new drugs affecting muscle lipid metabolism and thereby influencing 
insulin sensitivity. 
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PREVENTION OF DIABETES IN THE PSAMMOMYS 
OBESUS BY VANADIUM COMPLEX. 

I. Goldwaser**, E. Ziv*, H. Bar On*, M.Fridkin**, Y.Shechter** and E. 
Shafrir* Diabetes Research Unit*, Hadassah University Hospital 
Jerusalem and Lapid Pharmaceutical Ltd** Rehovoth, Israel 
Aims: To demonstrate the preventive effect of vanadium complex L- 
glutamic-acid(Y)monohydroxamate (LP-100) on nutritional diabetes in 
Psammomys obesus. Methods: Male Psammomys aged 3 months, kept 
on low energy (LE) diet, were placed on high energy (HE) diet. Each 
animal was returned to LE diet after 3-5 consecutive blood glucose 
tests were >12 mmol/1. Animals remained on LE diet at least 5 days at 
which time they returned to normoglycemia (<5 mmol/1). In the second 
stage the same animals were divided into control and LP-100 groups 
(n=10) and transferred to HE diet. They received by gavage, water or 
LP-100, 32 mg/kg, for 7 days with blood glucose levels and weight 
monitored daily, then kept on HE diet for additional 14 days. The two 
groups, were compared, each animal serving as its own control at the 
first stage on HE diet. Results: The mean time needed for the 
Psammomys to become hyperglycemic (>12 mmol/1) during the first 
period on HE diet was 4 days. All animals in the control group 
developed hyperglycemia during the second period on HE diet, most 
(7 of 10) at a very similar time. None of animals in the LP-100 group 
became hyperglycemic during the treatment period. During the post- 
treatment period animals remained normoglycemic for at least 5 days. 
There was no change in the mean weight gain during or after the 
treatment. Conclusion: Diabetes in Psammomys obesus is induced by 
HE diet, whereas 7 daily oral doses of 32 mg/kg LP-100 prevented and 
delayed the development of the diabetic state even when fed the FIE 
diet. The insulin sensitizing vanadium salt protects this animal with 
innate insulin resistance from nutritionally induced diabetes. 
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IijpermsuIfuemLa upregulafes phosphodiesterase 3B and inhibits lipolysis in 
3T3-L1 Adipocytes: a potential link between insulin resistance and obesity 
J. Mei, L. Stenson-Holst and H. Degerman. Section for Molecular Signalling, C II 
BMC, Lund University, Lund, Sweden 

Background and Aims: Obesity is often associated with hyperinsulinemia and 
insulin resistance. The mechanism by which an enlarged adipose tissue mass that 
defines obesity causes systemic insulin resistance remains uncertain. However, 
impaired insulin action coupled with hyperinsulinemia has been suggested to lead to a 
variety of abnormalities, including elevated triglycerides and enhanced secretion of 
VLDL. Aim of this study is to investigate the potential mechanism of impaired insulin 
action in adipocytes induced by hyperinsulinemia, with focus on lipolysis and cyclic 
nucleotide phosphodiesterase 3B, a key enzyme for the antilipolytic action of insulin. 
Materials and Methods: Differentiated 3T3-L1 adipocyte was used in this study. The 
medium was collected for lipolysis assay. The cells were homogenized, the membrane 
fractions was prepared for determination of the activity and protein expression of 
PDE3B. Results: Incubation of 3T3-L1 adipocytes with 10, 100 and 1000 nM insulin 
plus high glucose (25 mM) for 24 h resulted in a dose-depended increase of PDE3B 
activity and protein expression. Increased PDE3B activity was also found in cells 
treated with 100 nM insulin plus high glucose for 48 and 72 h (103+3.5 and 137+3 vs 
44+2.1 and 67+2.4 pmol/min/mg protein, p<0.05). Treatment of cells with 100 nM 
insulin plus low glucose (5.5 mM) resulted in an increased activity of PDE3B by 
1.28-, 2.1- and 2.2-fold compared to the cells treated with low glucose without 
insulin. This increased PDE3B activity accompanied an elevation of PDE3B protein 
expression. However, there was no significant increase in PDE3B activity in the cells 
cultured either with low glucose or high glucose in the absence of insulin. In 
agreement with the change of PDE3B, 100 nM insulin plus high glucose significantly 
decreased the lipolysis after treatmen for 24, 48 and 72h (35+0.6 vs 1.7+0.11, 
7.2+0.39 vs 3.6+0.4 and 8.9+0.61 vs 4.3+0.32 pmol/mg protein,p<0.05) when 
compared to high-glucose treated cells. Furthermore, treatment of cells with insulin 
plus low glucose also decreased lipolysis compared to low-glucose treated cells. 
Conclusion: Taken together, these results suggest that the up-regulation of PDE3B by 
hyperinsulinemia could be one the reasons for increasing adipocyte triglyceride 
storage, thus promoting insulin resistance in obesity. 
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Glucose and lipid metabolism in obese Black and White Sooth African Type 2 
diabetic patients 

C. Punyadeera A , N.J. Crowther, M-T. van dcr Merwe*, M. Toman, A.R. Immelman, and 
LP. Gray. Departments of Chemical Pathology, SAIMR and * Medicine, University of 
Witwatersrand, Johannesburg, South Africa and A Department of Histopathology, 
University of Maastricht, Holland. 

Background and Aims: Studies have shown that obese Black women are more insulin 
resistant and have lower 0-cell secretory activity than obese White women. Our objective 
was to determine whether such differences occur in Type 2 diabetics and to what extent 
drey contribute to differences in disease pathology in Black and White South African Type 
2 diabetics. 

Materials and Methods: Various metabolic indices and hormone levels were measured at 
fasting and during a 7-hour OGTT in 8 diabetic Black women (DBW), 7 diabetic White 
women (DWW), 10 obese non-diabetic Black women (OBW) and 9 obese non-diabetic 
White women (OWW). In vivo glucose oxidation was evaluated from the level of 
breathl3C02 following ingestion of [I-13C] glucose. Subcutaneous and visceral fat area 
(VF) were assessed via CT-scans. Results: VF was higher in DWW than DBW (184+12 
vs 143+14 cm2; p=0.05) and in OWW than OBW (140+11 vs 72+4 cm2; p<0.01) and 
higher in diabetics than non-diabetics. Insulin resistance (HOMA) showed greater 
differences between OWW and DWW (2.55+0.58 vs 5.23+0.78 respectively; p<0.01) than 
between OBW and DBW (3.19+0.39 vs 3.80+0.93 respectively; p=NS). Total (area under 
the curve [AUC]) insulin levels were lower in DBW than OBW (58+13 vs 115+16 nM 
respectively; p<0.05) but were not different between DWW and OWW (81±16 vs 113+20 
nM respectively; p=NS). Total glucose oxidation was lower in each diabetic group than 
the respective non-diabetic group (p<0.01 for both) and correlated negatively with visceral 
fat area (3=-0.49, p<0.01). Triglyceride levels correlated positively with visceral fat area 
(IHJ.53, p<0.01) Total lactate levels were higher in DWW' (68(HI40 mM, p<0.01 vs 
OWW and p<0.05 vs DBW) and DBW (470+30 mM, p<0.05 vs OBW) than OWW 
(290±10 mM) and OBW (310+20 mM). Conclusions:The progression from obesity to 
type 2 diabetes in the Black population seems to involve a greater fall in B-cell function 
than in White subjects in whom an increase in insulin resistance seems more important In 
both populations Type 2 diabetes leads to a fall in glucose oxidation which is associated 
with an increase in visceral fat area. Non-oxidative glucose metabolism as assessed from 
plasma lactate levels was higher in the diabetics. This is probably a result of the mass 
effect of high blood glucose levels in combination with increased insulin resistance at the 
level of pyruvate dehydrogenase. Visceral fat has negative influences on B-cell activity 
and intermediary metabolism in both populations. 
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Effects of Cholecystokinin octapeptide on the pancreas of type 1 and type 2 
diabetic rats. 

E. Kuntz, M Pinget and C. Damgd. European Center for the Study of Diabetes, 
Strasbourg, France 

Background and Aims: Cholecystokinin (CCK) regulates the release of pancreatic enzymes 
and modulates the growth of the pancreas. In diabetes, the sensitivity of the pancreas to CCK is 
decreased. Thus the aim of this stixly was to investigate the effects of increasing concentrations 
of CCK-octapcptide (CCK-8) on the pancreatic content and to evaluate the role of the CCK 
receptor in the loss of sensitivity in diabetic rats. 

Materials and Methods: Type 1 diabetes was induced in adult Wistar rats by an LV. injection 
of 65 mg/kg streptozotocin. Type 2 diabetes was obtained by an LP. injection of 260 mg/kg 
nicotinamide given 15 min before streptozotocin. 14 days thereafter, CCK-8 (1,2 and 4 mg/kg) 
or saline (control group) were injected S.C., three times daily, for 8 successive days, in 7 
animals per group. After sacrifice, the pancreas was excised for biochemical analysis. CCK 
receptors were characterized by binding assays. 

Results: CCK-8 exerted a biphasic action on the control group as well as on the diabetic group. 
In the control group, CCK-8 increased significantly the pancreatic weight, its content in 
protei n s, RNA and enzymes (amylase, lipase), with a maximal effect (31, 74,45, 57 and 46% 
respectively, pO.OOl) observed with of 1 mg/kg CCK-8. The dose-inhibition curve of CCK-8 
inhibiting binding of 125I-CCK-8 was significantly best fit by a two-site model with high- 
affinity site (Kd=3.03±0.16 nM, Bmax=113.27±10.3 finol/mg protein) and a low-affinity site 
(Kd=90.96±9.38 nM, Bmax= 1042.5+76.47 finol/mg protein). In streptozotocin-induced 
diabetic rats, glycemia was approximately 455 mg/cfl. The most marked effect was a strong 
reduction in pancreatic amylase (-98%, pO.OOl) content CCK-8 administered to these rats 
also increased pancreatic weight and its content in proteins, nucleic acids and enzymes but the 
dose-response curve was shifted toward the higher concentrations of CCK-8 (4 mg/kg). In this 
model, Scatchard analysis was compatible with a one-class of binding site on the pancreas: 
Kd=6.53+1.180 nM, Bmax=2057.43+68.58 finol/mg protein. In nicotinamide treated diabetic 
rats, glycemia was slightly higher than in normal rats (+26%, pO.05). The pancreatic amylase 
content was reduced by 47% (p<0.01). The maximal effect was observed with the concentration 
of 1 or 2 mg/kg CCK-8, according to the analysed parameter. The data could be best fit to a 
one-binding site model: Kd= 103.94+18.42 nM, Bmax=1455.82+100.33 finol/mg protein. 
Conclusions: CCK exerts a biphasic growth response on the pancreas of diabetic rats, mediated 
by one class of CCK-A receptors. 
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EFFECTS OF WEIGHT REDUCTION ON INSULIN RESISTANCE AND 
GLUCOSE TOLERANCE WITH ORLISTAT TREATMENT IN OBESE 
PATIENTS 

E.M. Ozer, M.Ayter and O.Guven, Department of Endocrinology and 
Metabolism, PTT State Education Hospital, Istanbul, Turkey 
Background and aims: Orlistat (ORL) is a gastrointestinal lipase inhibitor that 
reduces dietary fat absorption, promotes weight loss and may reduce the risk of 
developing type 2 diabetes mellitus. Our aim was to compare the efficacy of ORL 
in conjunction with hypocaloric diet versus hypocaloric diet alone in weight loss, 
in insulin resistance (IR) and glucose tolerance status. Materials and methods: 
A total of 256 obese patients (mean age 43.2±2.1 years) with a body mass index 
(BMI) of 30-46 kg/m 2 were evaluated in randomized, clinical trial of two groups; 
ORL 120 mg Lid plus hypocaloric diet (n:154) and hypocaloric diet alone (500- 
800 kcal daily deficit) (n:102). All the patients were followed-up to twelve 
months. A standard 2-hour oral glucose tolerance test (OGTT) was performed at 
the beginning and at the end of treatment Fasting glucose and insulin values were 
monitored to measure IR index using the homeostasis model assessment (HOMA- 
1R) formula. Changes in body weight, glucose tolerance status and IR index were 
measured. Results: Subjects who were treated with ORL plus hypocaloric diet 
lost more weight (mean ± SD, 7.23 ± 058 kg from initial weight) than subjects 
who received hypocaloric diet alone (3.24 * 0.41 kg; p<0.001). A smaller 
percentage of subjects with impaired glucose tolerance (IGT) at baseline 
progressed to diabetes status in the ORL (25%) vs hypocaloric diet alone (6.2%) 
group. Conversely, among subjects with IGT at baseline, glucose levels 
normalized in more subjects after ORL treatment (465%) vs hypocaloric diet 
alone (32.2%; p<0.05). HOMA-IR was improved more with ORL treatment 
(from 3.12 * 0.26 to 256 *0.23 (17%) vs from 3.03 * 0.27 to 2.89 ± 0.21 
(4.6%); p<0.001). Conclusions: Orlistat in conjunction w'ith a hypocaloric diet 
promotes a significant weight loss in obese patients and contributes to improve 
the glucose tolerance status and IR than diet alone. 
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Variants in the genes encoding UCPI and UCP3: potential role in eariy-onset 
obesity. 

J. Tafel, M. Schlimme, H. Munzberg, I. Branscheid, K. Thomitzek, P. Algenstacdt, A. 
Hinney, J. Hebebrand, A. Hamann. 

Division of Endocrinology and Metabolism, University of Heidelberg, Germany; 
Department of Medicine, University of Hamburg, Germany; Department of Child and 
Adolescent Psychiatry, University of Marburg, Germany. 

Background and Aims: Uncoupling proteins (UCPs) constitute a family of mitochondrial 
transmembrane carriers involved in the regulation of energy homeostasis. Once activated, 
they facilitate the dissipation of the electrochemical proton gradient across the inner 
mitochondrial membrane, thereby allowing stored energy to be converted to he3t While 
UCP1 is uniquely expressed in brown adipose tissue, UCP is mainly found in skeletal 
muscle. Genetically determined differences in the expression of UCP 1 and/or UCP3 could 
affect thermogenesis and predispose an individual towards the development of obesity. 
We therefore investigated the possible association of polymorphisms in the regulatory 
sequence of the UCP1 and UCP3 genes with e3rIy-onset obesity. Materials and Methods: 
Genomic DNA was obtained from a cohort of 294 extremely obese children and 
adolescents and from a group of 134 underweight control subjects. Genotyping was 
performed by PCR amplification with specific oligonucleotides, restriction enzyme 
digestion and agarose gel electrophoresis to assess allele and carrier frequency of the A/G 
variant at position -3826 in the promoter of the UCP1 gene and the C/T variant at position 
-55 bp in the promoter of the UCP3 gene. Results: The G allele in the UCP1 promoter was 
found with a frequency of 0.273 in obese and 0.184 in lean subjects (p = 0.017). Carriers 
of the G allele (homozygotes + heterozygotes) were significantly more frequent among 
obese children and adolescents compared to lean controls (49.2 % vs. 36.9 %, p = 0.018). 
In the promoter of the UCP3 gene, the T allele was found with a frequency of 0.226 in 
obese and 0.309 in lean subjects (p = 0.012). Homozygous + heterozygous carriers of the 
T allele in the UCP3 gene were significantly more frequent among lean compared to obese 
individuals (54.5 % vs. 38.8 %, p = 0.0033). Conclusions: The variant G allele at -3826 
bp in the UCP I gene was found to be associated with early-onset obesity. In contrast, the 
variant T allele at -55 bp in the UCP3 promoter was found at a markedly lower frequency 
in obese compared to lean subjects, suggesting a role of the'wildtype' C allele for obesity 
predisposition in childhood and adolescence. Our data suggest that polymorphisms in the 
UCP1 and UCP3 genes are involved in energy homeostasis and body weight regulation, 
potentially via an impact on UCP1 and UCP3 gene expression. 
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Genes on chromosome 4 determine an incomplete metabolic syndrome: Lessons 
from BB.LL rats. 

B. Radovic, J. van den Brandt and I. KlOting 

Department of Laboratory Animal Science, Medical Faculty, University of 
Greifswald, Karlsburg 

Background and Aims :The lymphopenia (11) is essential for development of insulin- 
dependent diabetes mellitus in the BB rat. To study the phenotypic consequence of a 
non-Iymphopenic BB rat, the region containing the lymphopenia gene of the BB/OK 
rat was replaced by that of the non-Iymphopenic and hypertensive rat, SHR, (llcM, 
D4Mit6-LL-Npy-Spr). The resulting congenic strain termed BB.LL was non- 
Iymphopenic, did not develop diabetes and showed significantly elevated body weight 
and serum lipids at an age of 12 weeks compared with BB/OK. That prompted us to 
study longitudinally BB.LL and BB/OK. 

Materials and Methods: 12 BB.LL and 12 BB/OK male rats were studied for traits 
with pathophysiologic relevance to the metabolic syndrome from 3rd to 15th months. 
Results: Most traits studied were significantly different between both, BB.LL and 
BB/OK and showed age dependence. At an age of 15 months BB.LL rats were 
markedly heavier than BB/OK (590±28 vs. 485±30 g). Serum leptin (14.842.7 vs. 
4.641.2 ng/ml), triglycerides (2.840.4 vs. 1.4±0.2 mmol/1), total cholesterol (5.040.4 
vs. 4.2±0.7 mmol/I) and insulin (3.5±1.2 vs.l.4±0.5 ng/ml) were significantly higher 
in BB.LL than BB/OK. Despite higher values at an age of 12 weeks, no significant 
differences were found between BB.LL and BB/OK in urea excretion of total protein ( 
22411 vs. 37±27 mg/24h) and in the creatinine clearance (0.4140.06 vs. 0.4440.08 
ml/min/lOOg) at an age of 15 months. 

Conclusions:These findings clearly show 1) that congenic BB.LL rats develop an 
incomplete metabolic-like syndrome and 2) that within the transferred region one or 
more gene(s) must be located causing this phenotype. 
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IDENTIFICATION OF NOVEL STOMACH GENES INVOLVED 
IN THE DEVELOPMENT OF OBESITY AND DIABETES 
J. Miller, J. Trevaskis, J. McMillan, K. Walder and G.R. Collier. Metabolic Research 
Unit, School of Health Sciences, Deakin University, Waum Ponds, Australia. 
Background and Aims: Several peptides expressed in the stomach in 
response to feeding or distention are known to be involved in the 
regulation of food intake. We hypothesise that there are multiple 
signals acting between the gastro-hypothalamic axis to regulate 
feeding behaviour. The aim of this study was to identify differentially 
expressed genes within the stomach between groups of animals that 
were subject to varying degrees of distention induced by ad libitum 
feeding, fasting and refeeding after a fast. To do this we utilised 
Psammomys obesus, a unique animal model of obesity and type 2 
diabetes. Materials and Methods: Animals were divided into 3 groups: 
Group 1 (n=15) were fed ad libitum, Group 2 (n=14) were fasted for 
16 hours. Group 3 (n=13) were fasted for 16 hours followed by 1 hour 
ad libitum access to food. This achieved varying levels of stomach 
distention as evidenced by stomach content weight (Group 1 2.57 ± 
0.06 g, Group 2 1.48 + 0.07 g, Group 3 3.76 ± 0.14 g, p<0.001 by 
AN'OVA). RNA was extracted from the upper area of the stomach and 
utilised for differential display RT PCR. Results: To date, 5 genes 
have been confirmed as being differentially expressed using Sybr 
Green™ real-time PCR and are undergoing further investigation. Of 
these genes, 3 demonstrated increased expression and 2 showed 
decreased expression with stomach distention. Conclusions: The 
identification and characterisation of these genes may clarify their role 
in the regulation of food intake, and provide a potential therapeutic 
target for the treatment of obesity. 
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RELATIONSHIP BETWEEN URIC ACID ANT) VISCERAL FAT IN 
OBESE AND NON-OBESE TYPE 2 DIABETIC PATIENTS 
VJ.Pankiv, IJ.Sydorchuk and M.D.Kyryliuk, Central Regional Hospital, 
Kolomyja; Bukovinian Medical Academy, Chemivtsi, Ukraine 

Background and Aims: Hyperuricemia is suggested as an additional 
component of the metabolic syndrome. The aim of this study was to 
investigate possible associations between uric acid metabolism and body 
composition in obese and non-obese type 2 diabetic patients. Materials and 
Methods: Parameters of uric acid metabolism, glucose metabolism and 
body composition were assessed in 152 type 2 diabetic patients (65 men and 
87 women). Results: Mean serum uric was 5.1 ±1.3 mg/dl, mean 24-hour 
urinary acid excretion was 627±246 mg/dl. AH 24 patients with serum uric 
acid levels above 7.5 mg/dl were overweight (BMI>25 kg/m 2) Of the 39 
patients with urinary uric acid excretion higher than 750 mg/dl, all but two 
were overweight. These patients with an elevated urinary excretion gad 
significantly higher total fat mass, fat free mass, and more visceral fat than 
the patients with normal uric acid excretion, while no difference in 
subcutaneous fat was seen. Serum uric acid was correlated with weight 
(r=0.22), BMI (r=0.27) and fat mass (r=0.21) (all p<0.01), but not with fat 
free mass (r=0.01). Strong correlations were found between urinary uric acid 
excretion and weight (r=0.46), BMI (r=0.32), fat free mass (r=0.39) (all 
p<0.001) as well as fat free mass (r=0.23; p<0.05). Significant correlations 
were found between serum uric acid and fasting insulin (r=0.27), but no 
correlation between uric acid excretion and insulin levels was found. 
Conclusions: Hyperuricemia occurs in 15.7%, and increased urinary acid 
excretion in 24.3% of overweight type 2 diabetic patients. Both seem to 
depend on body composition: serum uric acid being associated with BMI, 
urinary excretion with fat mass as well as fat free mass. 
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intra-abdominal fat measured bv ultrasound estimates 

THE METABOLIC SYNDROME BETTER THAN WAIST CIRCUMFERENCE. 
R.P. Stoik, W.P.Th.M. Mali, Y. van der Graaf, on behalf of the SMART study 
group (Secondary Manifestations of ARTerial disease). Julius Center for Patient 
Oriented Research, University Medical Center Utrecht, the Netherlands. 

Background 

Recently we developed an ultrasound technique to assess the amount of intra¬ 
abdominal fat which is more accurate than waist-hip circumferences, and simpler 
than CT/MR1 scanning. 

Methods 

This ultrasound measurement was performed in 171 consecutive participants of the 
SMART study, a cohort study in all patients who presented for the first time with a 
cardiovascular disorder or cardiovascular risk factor at the UMC Utrecht. Mean 
age was 56.1 years, 32.2% were women, mean BMI was 27.1 kg/m 2 . 

Results 

Intra-abdominal fat increases with age (ultrasound: i=0.35, p<0.00l, waistAVHR: 
r=0.21, p=0.01). Women have less intra-abdominal fat (both ultrasound and 
waistAVHR p<0.001). There was no association between BMI and age or gender. 

Increased intra-abdominal fat was associated with increased plasma 
triglyceride, total cholesterol, HDL-cholesterol and glucose levels. The partial 
correlation coefficients, adjusted for age and gender, of (he ultrasound 
measurement were 0.45 (p<0.001), 0.19 (p=0.01), -0.32 (pO.OOI), and 0.29 
(p<0.001), respectively. The coefficients of waistAVHR were 0.24 (p=0.0l), 0.10 
(p=0.28), -0.25 (p=0.01), and 0.39 (p<0.001), respectively. 

Conclusion 

These results confirm the findings of CT/MRI investigations that intra-abdominal 
fat increases with age and is strongly associated with metabolic risk factors. The 
associations are stronger when ultrasound measurements are used, which suggests 
that the amount of intra-abdominal fat can be more reliable assessed by ultrasound 
than by waist circumference or WHR. 
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TUNGSTATE TREATMENT REDUCES BODY WEIGHT LN DIET- 
INDUCED OBESITY 

M.CIaret, H.CorominoIa, R.Casamitjana and R.Gomis. Endocrinology and Diabetes 
Unit, Laboratory of Experimental Diabetes, Institut d’Investigacions Biomediques 
August Pi i Sunyer (IDIBAPS), Hospital Clinic, Barcelona University. 

Background and Aims: Oral administration of sodium tungstate (Na2\V04) to 
experimental animal models of diabetes normalises glycaemia. The amelioration of 
the diabetic phenotype is accompanied by a significant decrease in body weight (bw) 
without modifying energy intake (ei). Aims: a) to investigate the effectiveness of 
Na2W04 as an anti-obesity agent in an intact model of rat dietary obesity and b) to 
determine the putative involvement of uncoupling proteins (Ucps) on this effect. 
Material and Methods: Obesity was induced in Wistar rats by feeding with 
a'cafeteria diet’ for 30 days and maintained with this diet until the experiment was 
completed. Afterwards animals were treated with 2 g Na2\V04/l (drinking fluid) 
(n=12) or untreated (n=13) for 32 days. Following treatment, rats from each 
experimental group were submitted to a recovery period for 35 days. Ei and bw of all 
animals were recorded daily. Foeces lipid content, blood glucose, insulin, 
tryglicerides (TG), free fatty acids (FFA) and leptin plasma levels were determined at 
the end of the treatment. Ucpl and Ucp3 gene expression was analysed in 
interescapular brown adipose tissue (iBAT) and gastrocnemius muscle (gM) by 
Northern Blot. Results: Na2W04 treatment decreases body weight gain significantly 
(289.4±29.0 vs 409.8±16.2 g, p<0.05) without modifying neither ei (9610±265 vs 
9930±341 Kcai/Kg bw) nor foeces lipid content (12.8±0.7 vs 12.1 ±0.7%). Moreover, 
TG (211.0±46.3 vs 379.6±40.8 mg/dl), FFA (0.6±0.1 vs 0.9±0.1 nmol /ul) and insulin 
(2.5±0.9 vs 3.5±0.8 ug/1) plasma levels were significantly lower in treated rats 
(p<0.05). No differences were observed in blood glucose (107.9±3.3 vs 108.9±2.4 
mg/dl) and leptin (1.7±0.1 vs 1.3±0.2 ng/ml/g white adipose tissue) plasma levels 
between treated and untreated groups. On the other hand, Na2W04 treatment 
increases mRNA levels of Ucp3 in gM (63%) and iTAM (16%), likewise Ucpl in 
iTAM (35%). Recovery period rats increase its body weight fastly, suggesting a 
reversibility and no toxic effects of treatment. Conclusions: These results suggest that 
Na2W04 could be a useful agent to treat diet-induced obesity. Gene expression 
changes of Ucpl and/or Ucp3 may play a role in the bw reduction induced by 
Na2W04 treatment. 
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SHORT- AND LONG-TERM RESPONSES TO VLCD LN OBESE PATIENTS 
WITH TYPE 2 DIABETES IN SECONDARY' FAILURE 

P DIIINDSA, AR SCOTT & R DONNELLY Division of Vascular Medicine, 
University of Nottingham, and J. O’Neill Diabetes Centre, Southern Derbyshire 
Acute Hospital Trust 

Background & Aims: The best management for obese patients with type 2 diabetes 
(T2DM) in secondary failure is unclear, but very-low-calorie diets (VLCDs) are often 
not considered because of concerns about safety/supervision and weight regain. To 
evaluate the effects of VLCDs on weight, glycaemic control and cardiovascular risk 
factors in obese patients w ith poorly controlled type 2 diabetes. 

Methods: Forty patients with symptomatic T2DM (mean age 52 yrs, wl 115kg, BMI 
40, Fructosamine 389) in secondary failure undertook 2-monlhs of VLCD therapy 
(SlimFast VLCD + fruit &. vegetables, 700kcals/day). Cardiovascular risk factors, 
symptom status and metabolic control were assessed at baseline and after 2-months 
(n=40), and follow-up data at 1 year are available for the first 20 patients. 

Results: VLCD treatment was well tolerated with no patient withdrawals. Diabetic 
symptoms, and both oral and insulin therapy requirements, decreased substantially. 
Average wt loss was 12kg after 8 wks, and mean BMI fell from 40.0+5 to 
36.0+4.9kgm' 2 . Additional changes after 2 months: BP152/82 to 139/76 mmHg; 
Fructosamine 389 to 341; and total cholesterol 6.0 to 5.4mM. After 1 year (n=20), 
there were still worthwhile benefits: mean wl and BMI were 107.3 ± 15.0kg and 
36.8±4.4kgm’ 2 , respectively, and none had started insulin. 

Conclusion: VLCD therapy is safe and effective for dietician use in obese T2DM 
patients in secondary failure. Short-term effects on symptoms and CHD risk are 
impressive, and residual benefits are still apparent 1-yr later. Annual pulsed VLCD 
therapy may be an option for some patients. 
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ADIPOSE TISSUE BLOOD FLOW AND GLUCOSE UPTAKE ARE 
DECREASED LN OBESITY 

K.A. Virtanen, P. Peltoniemi, M. Asola, R. Parkfcola, T. Ronnemaa, R_ Huupponen, J. 
Knuuti and P. Nuutila. Turku PET Centre and Departments of Internal Medicine, 
Radiology and Pharmacology and Clinical Pharmacology, Turku, Finland. 

Background and aims: Reduced glucose uptake has shown to exist in isolated 
adipocytes from insulin-resistant animals and humans. In the present study we 
determined how insulin resistance in obesity influences perfusion and metabolism in 
subcutaneous and visceral adipose tissue in vivo. 

Materials and methods: Blood flow and glucose uptake (GU) were measured with 
[150J-H20, [18FJ-FDG and PET in 10 obese male subjects (age 32 ± 2 years and 
BMI 30 ± 1 kg/m2) and 10 healthy age-matched (BMI 23 ± 1 kg/m2) subjects during 
euglycemic hyperinsulineraic conditions (serum insulin -70 mU/L). Magnetic 
resonance images were used for adipose tissue localisation. 

Results: As compared to non-obese subjects, whole body GU was decreased by 36 % 
(p< 0.01), subcutaneous GU by 70% (5.2 ± 0.4 vs. 17.6 ±3.4 mmol/kg tissue min, p 
< 0.01) and visceral GU by 59% (13.2 ± 1.3 vs. 32.4 ± 3.4 mmol/kg tissue min; obese 
vs. non-obese, p< 0.01) There was a correlation between whole body glucose uptake 
and GU in subcutaneous (r = 0.68, p < 0.05) and visceral fat (r = 0,78, p < 0.05). 
Simultaneously, subcutaneous adipose blood flow was 38% (2.8 ± 0.2 vs. 4,5 ± 0.7 
ml/100g min; p < 0.05) and visceral adipose flow 47% lower in obese than in non- 
obese (3.1 ± 0.3 vs. 5.9 ± 1.1 ml/lOOg min; p< 0.05). Adipose tissue flow correlated 
with adipose GU both in subcutaneous (r = 0.68, p < 0.05) and visceral deposits (r = 
0.58, p < 0.05). 

Conclusions: This data shows that insulin resistant obese men exhibit insulin 
resistance in adipose tissue, which appears as decreased blood flow and GU in 
subcutaneous and visceral abdominal tissue. 
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Correlation between insulin resistance and left ventricular mass in uncomplicated 
obesity 

G. Iacobellis, MC Ribaudo.A Zappaterreno, U Di Mario and F. Leonetti. Endocrinology, 
Department of Clinical Sciences/La Sapienza' University of Rome, Italy 
Background and Aims: Obesity is a heterogenous metabolic syndrome in which insulin 
resistance is a key feature but not always present In the uncomplicated obese subjects 
with insulin resistance cardiac morphology and function may be different than in those 
with preserved insulin sensitivity. In the present study we evaluated the influence of 
insulin on Left Ventricular Mass (LVM) and LV geometry in uncomplicated obesity. 
Materials and Methods: We selected 40 obese patients (BMI>30 Kg/mq), 29 women, 
mean age 38+/-10.BMI 39+/-6.S Kg/mq, with normal blood pressure (BP), glucose 
tolerance, plasma lipids and with a history of fat excess of least 10 years. 21 lean normal 
subjects (12 womexynean age 32.7+/-10.4, BMI 23.1 +/-1.4 g/mq) formed the control 
group. Each subjects underwent euglycemic insulin clamp (7 pmol min Kg) associated 
with Indirect calorimetry to evaluate insulin sensitivity (M index) and Resting Metabolic 
Rate (RMR), bioelectrical impedance analysis to estimate Free Fat Mass (FFM),waist hip 
ratio (WHR) measurement and echocardiogram to calculate LVM, LVM indexed for 
FFMkg (LVM/FFMkg) and body surface area (LVMi), LV diastolic and systolic 
diameters (LVEDDJLVESD). Results. The M index value of 21 normal subjects was 
7.34+/-0.32 mg Kg min. We used M index of 6.34 mg Kg min (7.43 -3sd)as threshold of 
insulin resistance for obese patients. According to these criteria we obtained two groups of 
obese subjects.29 obese patients were insulin resistant (IR) with M index* 4.4+/-1.31 mg 
Kg min, 11 obese subjects were classified with normal insulin sensitivity (IS) with M 
index =8.03 +/-1.52 mg Kg min. IR obese patients had higher LVM, LVMi, LVM/FFMkg 
( p =0.001,p =0.001, p =0.05 respectively) than IS patients; LVEDD and LVESD were 
also greater in ER compared to IS subjects (p = 0.005, p =0.03 respectively). M index and 
LVM w ere inversely correlated (R = - 0.520 p =0.006). In a multivariate analysis M index 
and FFM were die only independent correlates to LVM. IR showed slightly higher BMI 
than IS subjects (37.2+/-10.7 vs 34.1+/-4.0 p =0.03). No differences in age, WHR, BP and 
RMR between IR and IS obese groups were observed. Conclusions. Uncomplicated 
obesity is characterized by a great variability of the insulin sensitivity degree. Our data 
show that insulin resistance induces an increase of LVM, remaining into normal range, 
and precocious changes of LV geometry. True LV hypertrophy probably occurs in obesity 
only if insulin resistance is associated with hypertension 
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Influence of Ethnicity and Familial Diabetes on Peripheral and Hepatic Insulin 
Action 

A. Gastaldelli, M. Matsuda, Y. Miyazaki, R. DeFronzo, and E. Ferrannini. 

Metabolism Unit, CNR Institute of Clinical Physiology and Department of Internal 
Medicine, University of Pisa, Italy, and Diabetes Division, Department of Medicine, 
UTHSC at San Antonio, Texas. 

Background and Aims: Risk of developing type 2 diabetes is higher in some ethnic 
groups, and familial diabetes (FHD) generally enhances the risk. Our aim was to test 
the hypothesis that insulin resistance - peripheral or hepatic - is the clinical phenotype 
expressing such risks. Materials and Methods: We studied 268 Mexican-American 
[MA] and 95 Caucasian [C] subjects living in San Antonio, TX. All subjects 
underwent a 75-g OGTT, and were classified as normal glucose tolerant (NGT, 96 
MA and 47 C), impaired glucose tolerant (IGT, 42 MA and 7 C) or diabetic (D, 146 
MA and 41 C). On a separate day, all subjects received a [3H]-glucose infusion for 
the measurement of fasting endogenous glucose output (EGO). In a subgroup of 269 
subjects of either ethnicity, insulin sensitivity (M) was measured by a 
hyperinsulinaemic euglycaemic clamp (40 mU.min-l.m-2) on another day. Results: 
While fasting plasma glucose was comparable in MA and C (5.1+0.1 vs 5.1+0.1 mM 
NGT; 53+0.1 vs 53+0.1 IGT; 9.0+0.2 vs 9.4+0.4 D), fasting plasma insulin was 
consistently higher in MA than C both in the fasting state and during the OGTT. EGO 
was similar in MA and C across glucose tolerance status (15.5+0.2 vs 15.5+0.4 vs 
15.8+0.2 pmol.min-l.kgFFM-I). When estimated as the product of EGO and fasting 
insulin, hepatic insulin resistance was highest in D and intermediate in IGT as 
compared to NGT (p<0.01) after adjustment for age and BMI (47% of variability 
explained), but neither ethnicity nor FHD were significant correlates. In contrast, age- 
and BMI-adjusted M was significantly lower in MA than C (p<0.01) across glucose 
tolerance status (lowest in D, intermediate in IGT), while FDH was independently 
associated with lower M in C but not MA (53% of variability explained). 
Conclusions: In Mexican-Americans, peripheral insulin resistance with compensatory 
hyperinsulinaemia is more severe than in Caucasians living in the same area even in 
the absence of FHD. Hepatic insulin resistance is worsened by obesity and diabetes, 
but is not affected by ethnicity or FHD. Peripheral insulin resistance is the phenotypic 
expression of the higher risk for type 2 diabetes of Mexican-Americans of Southern 
Texas. 
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IS BEACON, A NOVEL PEPTIDE WITH A ROLE IN OBESITY - 
AN INTRACELLULAR OR A SECRETED PROTEIN? 

Authors: T. Sunderland, N. Godde, L. Kerr, J. Tenne-Brown, G. Augert, L. Kantham, 
G. Collier. Deakin University, Pigdons Road, Geelong, Victoria, AUSTRALIA, 3217 

Background and Aims: Beacon, discovered in Psammomys obesus, a unique 
polygenic animal model for diet induced obesity and diabetes, is a novel neuropeptide 
found to be involved in the regulation of energy balance. In this animal model, 
positive correlation was observed between the level of beacon gene expression in the 
hypothalamus and the percent body fat Beacon is a small protein (73aa) and is 
highly conserved between species. Peptide hormones such as insulin or NPY or 
peptides of melanocortin system are synthesised as large precursors and carry a signal 
sequence for secretion. The sequence of events involving their synthesis, storage, 
conversion from inactive precursor form to active peptides and release from 
intracellular stores occurs in distinct stages and each step of the process is highly 
regulated. In contrast, beacon has no predictable signal sequence for secretion, nor 
transmembrane regions nor glycosylation sites. To better understand beacon’s role in 
the regulation of energy balance, we have designed experiments to address the 
question whether beacon is a cytoplasmic intracellular protein as predicted by 
bioinfonnatics or an actively secreted protein. Materials and Methods: The beacon 
cDNA has been cloned into mammalian expression vectors with and without epitope 
tags. Beacon expression in different cells was analysed with antibodies to the tags or 
beacon itself. Results: Mammalian cells expressing c-myc and HA tagged beacon 
stained intensely with antibodies to the tags. Cell lysates on Western blots revealed a 
distinct immunoreactive band of expected size (-9 kDa) with anti-beacon and anti-tag 
antibodies. In addition both types of antibodies consistently detected protein bands of 
-15, 22, 40, 50 kDa molecular weights. In the culture medium, beacon protein was 
undetectable compared to a positive control. Conclusions: Beacon expressed in the 
cells is predominantly intracellular, results indicate its association with other proteins. 
It is possible that beacon’s actions are mediated from within the cell. On the other 
hand, as with other hormones mobilisation of beacon into extracellular space could be 
a highly regulated process and requires special physiological conditions. Future 
studies will examine this aspect in more detail. 
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RATES OF INSULIN SECRETION AND PERIPHERAL GLUCOSE DISPOSAL 
AFTER A MIXED MEAL IN PATIENTS WITH TYPE 2 DIABETES 
V. Lambadiari, G. Dimitriadis, P. Mitrou, E. Hatziagelaki, and S.A. Raptis, 2 od 
Department Internal Medicine, Athens University Medical School, Athens, Greece 
Background and Alms: In type 2 diabetes (NIDDM), there are defects in secretion 
and peripheral action of insulin. To evaluate their relative contribution to the 
pathogenesis of hyperglycemia, we assessed postprandial (a) insulin secretion, and 
(b) insulin effects on glucose disposal (GFLUX) in muscle (M) and adipose tissue 
(AD). Patients and Methods: A standard mixed meal was given to 14 NIDDM 
patients (age 51+3yrs, BMI 25+0.8, fasting blood glucose 7.8+0.3mM, HbAj c 
73+0.1%) rendered euglycemic overnight with i.v. insulin, and 6 controls (C, age 
47+5yrs, BMI 27+1). Plasma samples for measurements of glucose (G) and insulin 
(D were taken for 360min from veins (V) draining the anterior abdominal 
subcutaneous AD depot and the forearm M, and from an arterialized hand vein (A). 
With each blood sample, blood flow (BF) was measured in AD (with ,33 Xe) and M 
(with strain-gauge plethysmography). Calculations: GFLUX=[G(A-V)] x [BF]; 
Clearance of G (GCL)=[GFLUX/G in A]; G fractional extraction (GF)=[G (A-V)/G 
in A]. Postprandial changes are presented as area under curve (0-360 min). Results: 
In NIDDM vs C: (1) Preprandial arterialized G (5.8±0.3 vs 5±0.3 mM) and I (45+6 
vs 40+13 pM) were not different (2) Postprandial increases of arterialized G were 
higher (3.7+0.27 vs 1.97+0.05 pMmin, p<0.05); those of I - because of 
disappearance of 1“ phase insulin secretion and increase of 2 ad - were not different 
(74+10 vs 72+12 nMmin). (3) Postprandial BF (1766+133 vs 1978+165 
ml/lOOcctissue in M, and 1084+146 vs 1138+157 ml/lOO^tissue in AD), and 
GFLUX (1026+109 vs 872+40 pmol/lOO^tissue in M and 538+97 vs 442+27 
pmol/lOO^tis sue in AD) were not different (4) Postprandial GCL and GF in M 
were lower (25+9 vs 139+30 ml/100 K tissue, p<0.05, and 22+3 vs 41+5 %, p<0.05, 
respectively); respective values in AD were not different. Conclusions: In NIDDM, 
in the postprandial state, there are defects both in the secretion and action of insulin 
in muscle. The latter can be corrected, at least in part, by hyperglycemia. 
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PLASMA TISSUE PLASMINOGEN ACTIVATOR IS HIGHER L\ SOUTH 
ASIANS VERSUS EUROPEANS AND ASSOCIATED WITH THE LNSULLN 
RESISTANCE SYNDROME IN BOTH ETHNIC GROUPS 

N.G. Forouhi, N. Sattar, A. Rumley, G. Lowe, and P.McKeigue. Epidemiolgoy Unit, 
London School of Hygiene & Tropical Medicine, London, UK and Departments of 
Pathological Biochemistry and Medicine, Glasgow Royal Infirmary, Glasgow, UK. 

Background and Aims: Elevated plasma concentration of the haemostatic factor, 
endogenous tissue plasminogen activator (t-pa), is predictive of future coronary heart 
disease (CHD) in European descent populations. South Asians (SA) are a group of 
people with as yet unexplained high risk of insulin resistance, diabetes and CHD. It is 
not known if SAs have elevated t-pa and what its correlates are. We wanted to test if 
t-pa is (i) elevated in healthy SAs relative to Europeans, and (ii) associated with body 
fat distribution and insulin resistance. 

Materials and Methods: We performed a cross sectional study in London. In 111 
healthy SA and European men and women aged 40-55 years over a wide range of 
BMI (17 - 34 kg/m2) we measured percent body fat (DEXA scan), visceral and 
subcutaneous fat (single slice abdominal CT scan), anthropometry, glucose, insulin, 
lipids (fasting and postprandial), and t-pa 

Results: T-pa was elevated in SAs [mean (sem) 10.6 (0.6) ng/ml] vs. Europeans [8.2 
(0.4) ng/ml], p=0.001. This ethnic difference was significant in both men and women 
(p=0.026 and p=0.011 respectively). T-pa was significantly positively correlated (p 
<0.05 -<0.0001) in both ethnic groups with fasting insulin, fasting glucose, fasting 
and 8h triglyceride, total cholesterol, systolic and diastolic blood pressure, BMI, waist 
girth and waist/hip ratio, visceral fat but not subcutaneous abdominal fat or total 
percent fat. In multivariate analyses adjusted for age, sex and smoking the ethnic 
difference in t-pa [B=2.33, se=0.82, p=0.005, adjusted R2=16%] persisted after further 
adjustment for all the metabolic and fat distribution variables [6 =2.12, se=0.73, 
p=0.005, adjusted R2=38%], 

Conclusions: These novel results suggest that (i) South Asian ethnicity is 
independently associated with elevated t-pa concentration in both men and women, 
and (ii) t-pa is a correlate of the insulin resistance syndrome in both ethnic groups. 
Future studies should examine the role of the haemostatic factor t-pa in the increased 
risk for insulin resistance, diabetes and CHD in South Asians. 
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BETA-ADRENERGIC RECEPTOR AGONISTS INHIBIT GENE 
EXPRESSION AND SECRETION OF THE ADIPOCYTE-SPECIFIC 
SECRETORY PROTELN, ACRP30 

M.L. Delporte, M. Takahashi, T. Funahashi, Y. Matsuzawa, and S.M.Brichard. Unite 
d’EndocrinoJogie et Metabolisme, University of Louvain, UCL 5530, Brussels, 
Belgium and Osaka University Medical School, Osaka, Japan 
Background and Aims: ACRP30, the adipocyte complement-related protein 
(30KDa) is a secreted protein expressed exclusively in differentiated adipocytes. This 
novel hormone controls body weight, lipid and glucose metabolism in mice. 
Although catecholamines play a major role in fuel homeostasis, the regulation of 
ACRP30 by these hormones has not yet been explored. In this study, we investigated 
the regulation of ACRP30 gene expression, content and secretion in mouse in vivo 
and in vitro. Materials and Methods: Explants from visceral and subcutaneous 
adipose tissue were cultured in MEM supplemented with 0.5% BS A and the indicated 
agents for up to 10 h. For in vivo studies, mice were injected with BRL37344 
dissolved in saline (2 mg/kg body weight s.c., twice at 8 h interval) and control mice 
received the vehicle only. mRNA levels of ACRP30 were measured by Northern-blot 
and protein concentrations by Westem-blot analysis. Results: We first tested cAMP, 
the second messenger of catecholamines. The addition of ImM cAMP to the culture 
medium for 10 h strongly (by 90%) decreased ACRP30 mRNA levels in explants 
from both visceral and subcutaneous adipose tissue. This was accompanied by a 
similar decrease of ACRP30 content in tissue homogenates (mainly at the expense of 
the cytosol fraction) and by a 50 % reduction of ACRP30 secretion. These effects 
were time-dependent, occurring from 3 h (mRNA) and 6 h (protein) of culture 
onwards. The addition of actinomycin D, an inhibitor of transcription, to the medium 
did actually increase ACRP30 mRNA This suggests that cAMP exerts its inhibitory 
effect mainly by decreasing the stability of ACRP30 mRNA. The in vitro effect of 
cAMP was partly reproduced by isoproterenol, a non-specific beta-adrenergic agonist 
or BRL 37344, a selective beta3-agonist (60% and 45% decreases of ACRP30 mRNA 
after 10 h with 10 pM isoproterenol or 10 jiM BRL, respectively). Administration of 
BRL 37344 to mice caused a 40-50 % reduction of ACRP30 mRNA levels in visceral 
and subcutaneous adipose depots and a 40 % decrease in plasma ACRP30 levels. 
Conclusions: The decrease in ACRP30 may be a novel, beta-receptor-mediated 
mechanism, by which catecholamines affect fuel homeostasis. 
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Insulin resistance, beta-cell dysfunction and non-obeisty are characteristic in 
Japanese Type 2 diabetes 

T.Watanabe, S. Midorikawa, D. Yamada, W. Sato, K. Shimada, S. Neugebauer, H. 
Ishii, T. Baba, Third Dept, of Internal Medicine, Fukushima Medical University, 
Fukushima, Japan . 

Background and Aim: There is a growing number of diabetic patients in Japan, 
which is estimated to be over 7 in 1999. Many of the Type 2 diabetes are non-obese, 
implying the possilbe pathogenetic contribution of beta-cell dysfunction. The study 
was designed to evaluate the roles of insulin resistance and beta-cell function in 
Japanese Type 2 diabetic patients. 

Patients and Methods: One-hundred and four Japanese Type 2 diabetic patients with 
normal kidney function (43 women and 61 men. Age 54.7 [51.8 - 57.6] years old, 
known diabetes duration 7.4 [6.1 - 8.7] years, body mass index [BMI] 23.5 [22.7 - 
24.3] kg/m2, mean [95 % confidence interval]) and 10 healthy control subjects 
participated in the study. We assessed the insulin resistance by determining the 
steady state plasma glucose (SSPG) and beta-cell function by measuring serum C- 
peptide level after intravenous dose of glucagon. 

Results: The mean SSPG was 12.3 (11.5 - 13.1) mmol/l, and 87.5 % of patients 
exceeded 6.8 mmol/l, the level 2 SD higher than the mean of 10 healthy subjects. The 
6-minute serum C-peptide after glucagon was 1.19 (1.06 - 1.33) nmol/1, and the levels 
in 90.1 % of patients were below 1.95 nmol/1 (the reported mean level in non-diabetic 
Japanese subjects). About 14.5 % of the patients showed no response to glucagon (< 
0.60 nmol/1). SSPG correlated with serum free fatty acids significantly (Rs = 0.309, p 
= 0.0022), but not with BMI. Urinary C-peptide excretion was the most predictive 
indicator for insulin treatment. 

Conclusions: The results suggest that Japanese Type 2 diabetic patients, living in 
Japan, are characterized by increased insulin resistance, relative beta-cell dysfunction 
and non-obesity. Serum free fatty acids level may be causally related to the insulin 
resistance in these patients. 
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SYMPATHETIC NERVOUS SYSTEM ACTIVITY IN OBESE SUBJECTS 
WITH INSULIN RESISTANCE AND HYPERINSULINAEMIA 
L. Majkowska, P. Molfda, A Stefanski, B. Krzyzanowska, K. Pilarska 
Dept, of Endocrinology, Pomeranian Academy of Medicine, Szczecin, Poland. 

Knowledge on the sympathetic alterations in the obese state is still controversial. 
Hyperkinetic circulation is a reliable marker of increased sympathetic tone. Aim of 
study: to evaluate heart rate and norepinephrine (NA), epinephrine (A) and 
dopamine (DA) plasma levels in obese subjects characterized by different degree of 
insulin resistance and hyperinsulineamia. Material and methods: investigation was 
conducted in 3 groups of obese, borderline hypertensive subjects: 11 newly 
diagnosed diabetics (DM), 14 insulin resistant (IR) non-diabetic subjects and 14 
insulin sensitive (IS) non-diabetic subjects. Control group (C) consisted of 10 
healthy, non-obese subjects. Insulin resistance was assessed by insulin-supression test 
with somatostatin. Insulin seaetion was measured as area under the curve AUC 120 
during OGTT. In all subjects 24-hour blood pressure (BP) and heart rate (HR) 
monitoring was performed. Fasting blood samples for NA, A and DA levels were 
taken in supine position on a low-, normo- and high sodium diet. Results: Insulin 
resistance measured as steady-state glucose levels at the end of insulin-suppression 
test were in DM, IR, IS, and C groups: 214±7, 174±5, 105±9 and 63±3 mg/dl, 
respectively. Insulin secretion AUC 120 was: 78±11, 10S±9, 76±8 and 46±5 mU/l/min, 
respectively. BP values registered in 24-hour record were within the normal range in 
all investigated groups, however in DM patients daytime diastolic pressure and MAP 
were significantly higher than in controls. Significantly higher HR (day and night 
time) was observed in DM group and tendency to higher HR was observed in IR and 
IS subjects. NA, A and DA levels were significantly lower in IR than in IS subjects. 
Conclusions: 1. Higher HR observed in DM patients seems not to be related to 
hyperinsulinaemia and may reflect a primary increase in sympathetic tone 2. 
Increased sympathetic tone can play a role in a pathogenesis of insulin resistance and 
rise of blood pressure. 3. Sympathetic activity should be checked by other methods 
than measurements of plasma catecholamines. 



A 185 


709 

EFFECTS OF OBESFTY ON METABOLIC LNDICES OF GLUCOSE 
DISPOSAL IN WOMEN W i l l! PRIOR GESTATIONAL DIABETES. 

A. Tura, G. Pacini, K. Thomaseth, A. Mari, O F. Wagner*, W. WaldhSusl* and A. 
Kautzky-Willer*. LADSEB-CNR, Padova, Italy. ‘Department of Medicine 3, 
University of Vienna, Austria. 

Background and Aims: Obesity is the most prominent risk factor for type 2 diabetes. 
Thus, it is important to study its impact on glucose disposal and the interplay between 
insulin secretion and insulin sensitivity in women with former gestational diabetes 
(GDM), which often precedes type 2 diabetes. Materials and Methods: 60 GDM 
were studied by 75-g OGTT with frequent measurements (in a 180 min interval) of 
glucose, insulin, and C-peptide concentrations 3-4 months after delivery. According 
to their BMI (cut-off value: 27.5 kg/m A 2) GDM were divided into an obese (OB, 
N=28, BMI 31.440.8 kg/m A 2; basal glucose, insulin, C-peptide: 5.5440.17 mmol/1, 
73.2±7.2 pmol/1, 1037.74182.7 pmol/1) and a normal-weight (NW, N=32, BMI 
23.740.4 kg/m A 2; 4.8140.06, 42.644.2, 534.9435.7, p<0.02) subgroup. Total insulin 
secretion (TIS) and insulin sensitivity (OGIS) during the OGTT w’ere derived from 
mathematical modeling analysis, overall glucose disappearance was described by the 
disposition index (DI=OGIS x deltaAUCins, with deltaAUCins the incremental 
OGTT-stimulated component of the insulin area under the curve). The ability of the 
B-cell to adapt to insulin resistance was estimated by the adaptation index (A1=0G1S 
x deltaTIS, with deltaTIS the incremental component of TIS). Results: Glucose and 
insulin levels were higher in OB (glucose AUC: 1.4240.07 mol/1 min vs 1.1440.04, 
p=0.0006; insulin AUC: 65.747.1 nmol/1 min vs 44.944.5, p=0.015) as was TIS 
(35.244.6 nmol/1 vs 24.341.7, p=O.02): the latter was mostly due to an increased basal 
component (65.2±11.6 pmol/l/min vs 31.5±2.1, p=0.004), while the dynamic phase 
did not differ significantly. Despite markedly reduced insulin sensitivity (OGIS OB: 
393415 ml/min/m A 2, NW: 448412, p-0.006) overall glucose homeostasis was not 
significantly different as shown by similar metabolic indices DI and AI (DI: 20.342.1 
nmol/m A 2 in OB vs 16.241.3 in NW; AI: 9.341.3 nmol/min/m A 2 in OB vs 8.1±0.5 in 
NW, p>0.09). Conclusions: In obese GDM, insulin secretion increases adequately for 
marked insulin resistance, avoiding a completely deranged glucose metabolism. 
However, B-cells cannot entirely compensate for prevailing hyperglycemia that, 
together with hyperinsulinemia, may increase the risk for manifestation of type 2 
diabetes. 
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MUSCLE LIPID IN ADOLESCENT MALES: ASSOCIATIONS WITH 
ANTHROPOMETRY, LN'SULIN SENSITIVITY AND PHYSICAL ACTIVITY. 
K.A. Mehalski*, A. Buckley*, T. Enright#, P. Kelly'', K. Rooney*, L. Seccombe A , 
R_Octavianus*, M. Peters A and C. Thompson*. *Human Nutrition Unit and #Institute 
for Magnetic Resonance Research, The University of Sydney, A Dept of Respiratory 
Medicine, Concord Repatriation General Hospital, Sydney, Australia. 

Background and Aims: Insulin resistance of skeletal muscle is one of the factors 
implicated in the development of the 'Metabolic Syndrome’, which encompasses obesity, 
diabetes and cardiovascular disease. Previous studies have shown that intramyocellular 
lipid (IMCL) levels as determined by 111 magnetic resonance spectroscopy (1H MRS) 
reflect insulin sensitivity determined by hyperinsulinaemic-eugfycaemic clamp in the 
sole us muscle. However, people with Type 2 diabetes, whose muscles are resistant to 
insulin, have high IMCL levels, while highly-trained athletes, whose muscles are very 
sensitive to insulin, also have high IMCL levels (determined by biopsy). Materials and 
Methods: We took 22 males aged 16 to 21 years and compared their BML waist 
circumference, waist to hip ratio, sum of 5 skinfolds, physical activity hours per week. 
Peak V02 on a treadmill, maximum heart rate, ventilatory threshold and homeostatic 
model assessment (HOMA) to their 1H MRS IMCL levels in the vastus lateralis and 
soleus muscles. Participants had BMI values between 17.9 and 30.1 kg/m2, and V02 
Peak values between 40.7 and 62.4 ml/min/kg body weight Results: HOMA (R2=0.736, 
pHXOOO), sum of 5 skinfolds (R2=0.665, p= 0.001), BMI (R2= 0.507, p=O.016) and waist 
circumference (R2=0.414, p=O.044) were significantly positively correlated with m. vastus 
lateralis IMCL. No significant associations were found between these variables and IMCL 
content of the soleus muscle. In a stepwise multiple regression analysis, HOMA is the 
only significant predictor of m. vastus lateralis IMCL content There were no significant 
associations between physical activity indicators and IMCL content of either muscle. 
Conclusions: The m. vastus lateralis IMCL content was significantly associated with 
insulin sensitivityas measured by HOMA, whereas die soleus muscle demonstrated no 
such association. This may be due to differing oxidative and muscle fibre-type 
characteristics between the two muscles. The results of this study would suggest that the 
vastus lateralis muscle is a more sensitive and more applicable muscle in which to study 
IMCL content with respect to insulin sensitivity, anthropometry and treadmill exercise. 
We conclude that in adolescent males, insulin sensitivity is the strongest predictor of 
vastus lateralis muscle IMCL content, and that physical fitness indicators (particularly 
aerobic fitness levels) are not influential. 
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Variants in the B-adrenergic receptor genes in obese children and adolescents. 

IL Munzberg, J. Tafel, I. Branscheid, B. Skwama, V. Bellou, P. Algenstacdt, A Hinney, J. 
Hebebrand, A. Hamann. 

Division of Endocrinology and Metabolism, University of Heidelberg, Germany, 
Department of Medicine, University of Hamburg, Germany; Department of Child and 
Adolescent Psychiatry, University of Marburg, Germany. 

Background and Aims: B-adrenergic receptors play an important role in the regulation of 
lipolysis and thermogenesis by catecholamines. Genetic defects in expression or function 
of B1-, D2- and/or 03-adrenergic receptors could affect energy homeostasis and predispose 
an individual towards the development of obesity. We therefore investigated die possible 
association of polymorphisms in the B-adrenergic receptor genes with early-onset obesity. 
Materials and Methods: Genomic DNA was obtained from 294 extremely obese children 
and adolescents compared to 134 underweight control subjects. Genotyping was 
performed by PCR amplification with specific oligonucleotides, restriction enzyme 
digestion and agarose gel electrophoresis to assess allele and carrier frequencies of the 
following variants: Arg/Gly in codon 389 of the B1 -adrenergic receptor, Arg/Gly in codon 
16 and Gln/Glu in codon 27 of the B2-adrenergic receptor, Trp/Arg in codon 64 of the B3- 
adrenergic receptor. 

Results: The Gly389 allele in the Bl-adrenergic receptor was found with a frequency of 
0.319 in obese and 0.328 in lean subjects (p=0.802). Glyl6 in the B2-adrenergic receptor 
was found with an allele frequency of 0.590 in obese and 0.611 in lean subjects (p=0.591). 
The Qu27 allele in the B2-adrenergic receptor was found with a frequency of 0.380 in 
obese children and 0.420 in lean controls (p^O.298). The Arg64 allele in the B3-adrenergic 
receptor was found with a frequency of 0.077 in obese and 0.065 in lean subjects 
(p=0.554). No significant differences were found for the individual genotype frequencies. 
Furthermore, no significant differences were found between obese and lean subjects 
regarding the distribution of individuals with variants in none, one, two or all three B- 
adrecergic receptors. 

Conclusions: To our knowledge, this is the first study to assess the frequency of variants 
in all B-adrenergic receptors in cohorts of different body weight extremes. Neither did we 
find a significant association of a single polymorphism with obesity nor was there 
evidence for an additive or even synergistic effect of multiple variants within two or three 
adrenergic receptors in one individual Therefore, our data make it rather unlikely that 
genetic variants in B-adrenergic receptors are involved in the pathogenesis of early-onset 
obesity. 
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Insulin sensitivity towards glycemia and blood free fatty acids, as deduced from 
basal data or oral glucose tolerance test values, in various disease states 
F. Belfiore, A. Cavaferi, Nl. Camuto, S. Fagone and P. Milazzo. Dept. Internal 
Medicine, University of Catania, Osp. Garibaldi, Catania, Italy 

Background and Aims: To measure insulin sensitivity towards glycemia and blood 
free fatty acids (FFA) in patients with various diseases. 

Materials and Methods: Insulin Sensitivity Indices concerning the insulin effect on 
both glycemia and blood FFA named ISI(gly) and ISI(ffa), were obtained by using 
the following formulae: 

ISI(gIy)= 2/[(INSp x GLYp) +1], and ISI(fia)= 2/[(INSp x FFAp) +1], where INSp, 
GLYp and FFAp = insulinemic, glycemic and FFA areas (A) during OGTT (75 g 
glucose, suggested sampling at 0, 1 and 2 h) or basal values (B). Areas and basal 
levels are expressed by taking the mean normal value as 1, so that in norma! subjects 
ISI(gly) and ISI(fFa) are always dose to 1, with maximal variations between 0 and 2. 
Results: In normal subjects (n~ 36), both indices were close to 1. In obese subjects 
(n= 30), ISI(ffa)-A was more severely reduced than ISI(gly)-A (values: 0.57+0.04 and 
0.46+0.04, respectively). A similar behavior was shown by lSI(ffa)-B and ISI(gly)-B. 
In obese-diabetic patients (n= 14) all four indices were markedly lowered (mean 
values between 0.40-0.44). In obese diabetic patients, treatment with metformin 
(1.7g'day, n= 12) for 10 days improved insulin sensitivity of blood glucose [ISI(gIy)- 
A by 45% and ISI(gIy)-B by 54%J but not that of blood FFA. Hypertensive-obese 
subjects (n= 13) compared to matched obese without hypertension (n-15) showed 
marked reduction in both ISI(gIy) and ISI(ffa) (mean values between 0.54-0.65), with 
a trend to prevalent impairment of the latter. For all changes, the’p’ range was 0.05- 
0 . 001 . 

Conclusions: Our Indices are simple to perform and are carried out under 
physiological conditions, thus being suitable for clinical and epidemiological studies. 
They allow to compare the behavior of insulin sensitivity of glycemia and that of 
blood FFA in various disease states. 
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AGING, NOT INSULIN RESISTANCE, IS THE MAJOR 
DETERMINANTS OF AORTIC PULSE WAVE VELOCITY IN 
NORMOTENSIVE NONDIABETIC SUBJECTS 

W H-H Sheu, W-J Lee and Y-T Chen, Taichung Veterans General Hospital, 
Taichung, Taiwan 

Background and aims: Previous studies have shown that aortic stiffness, 
expressed by higher values of pulse wave velocity (PWV), is associated w ith 
aging and diabetes. However, the role of insulin resistance in mediated 
vascular sclerotic change in nondiabetic subjects remains largely unknown. 
Materials and methods: Insulin resistance, assessed by insulin suppression 
test, and aortic distensibility, expressed by aortic to femoral PWV, were 
determined in 24 nondiabetic, normotensive subjects with (mean+SEM) age 
43*2 years and body mass index (BMI) 23.6±0.6 Kgs/m 2 . Results: Values 
of PWV showed a positive correlation with age and degree of insulin 
resistance, expressed as steady state plasma glucose (SSPG) levels, but not 
with BMI, blood pressure, fasting glucose, insulin or lipid concentrations. 
Multiple regression analysis showed that age (P=0.033) was independently 
associated with values of PWV but SSPG values (P=0.356) was not. When 
the SSPG concentrations were divided into three tertiles, the PWV values 
(9.8*0.8 versus 11.3*1.1 versus 10.0+0.8 m/s, p=0.452) were not different 
across these three subgroups. Conclusion: Age, but not insulin resistance, 
is the major determinant of aortic distensibility in a group of normotensive, 
nondiabetic subjects. 
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RATES OF INSULIN SECRETION AND PERIPHERAL GLUCOSE DISPOSAL 
AFTER A MIXED MEAL IN PATIENTS WITH HYPERTHYROIDISM 
P. Mitrou*, G. Dimitriadis*, V. Lambadiari*, E. Koukkou*, M. Tzanela*, N. Bikas, 
N. Thalassinos* and S.A. Raptis*, 2 nd Department Internal Medicine Athens 
University*, and Departments of Endocrinology + “Evangelismos” and '“Elena 
Venizelou” Hospitals, Athens, Greece 

Background and Aims: Glucose intolerance is common in hyperthyroidism but the 
mechanisms are unclear. Insulin secretion has been found increased or decreased. 
Increased glucose production due to insulin resistance is firmly established but the 
effects of insulin on peripheral glucose utilization are variable. The aim was to 
assess in hyperthyroid patients (HYPER) postprandial (a) insulin secretion and (b) 
insulin effects on glucose disposal (GFLUX) in muscle (Nl) and adipose tissue 
(AD). Patients and Methods: A standard mixed meal was given to 11 HYPER 
(age 36+4yrs, BMI 24+1) and 6 controls (C, age 41+5jts, BMI 22+1). Plasma 
samples for measurements of glucose (G) and insulin (I) were taken for 360min 
from veins (V) dra inin g the anterior abdominal subcutaneous AD depot and the 
forearm M, and from an arterialized hand vein (A). With each blood sample, blood 
flow (BF) was measured in AD (with l33 Xe) and M (with strain-gauge 
plethysmography). Calculations: GFLUX=[G (A-V)] x [BF]; Clearance of G 
(GCL)=[GFLUX/G in A]. Postprandial changes arc presented as area under curve 
(0-360 min). Results: In HYPER vs C: (1) Arterialized G was not different (368+54 
vs 345+63 mMmin), whereas I was increased (81+7 vs 56+9 nMmin, p<0.05). (2) 
BF was increased in M (2968+323 vs 2000+201 ml/lOOcctissue, p<0.05) and AD 
(1728±204 vs 1133+131 ml/lOO^tissue, p<0.05). (3) GFLUX was not different in 
M (630+140 vs 1055+189 pmol/lOO^tissue) and AD (413+94 vs 290+57 
pmol/lOOcctissue). (4) GCL was decreased in M (107+25 vs 193+30 ml/100 cc tissue, 
p<0.05) whereas the respective values in AD were not different (83+20 vs 51+10 
ml/100 cc tissue). Conclusions: In hyperthyroidism, in the postprandial state: (1) 
Insulin secretion is increased. (2) Insulin stimulation of glucose disposal in muscle 
is impaired; this defect is corrected, at least in part, by increases in blood flow. 
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OBSTRUCTIVE SLEEr ATNEA SINDROME 'PER SE' IMPAIRS INSULIN 
SENSITIVITY 

F. Tassone, L. Gianotti, S. Pivetti*, F. Lanfranco, S. Grottoli, C. Origlia, V. Martina, 
V. Gai*, E. Ghigo, M. Maccario. Division of Endocrinology, Department of Internal 
Medicine, University of Turin; ^Department of Emergency Medicine, Azienda 
Ospedaliera S. G. Battista, Ospedale Molinette, Turin, ITALY 

Background and Aims: Visceral obesity, along with the other metabolic 
abnormalities of the ‘insulin resistance’ or ‘metabolic’ syndrome, is associated with 
increased risk of cardiovascular diseases (CVD). Obstructive Sleep Apnea Syndrome 
(OSAS) is commonly associated with obesity and is connoted by specific worsening 
in endocrine and metabolic abnormalities (such as GH/IGF-I, HPA thyroid and 
gonadal axis as well as glucose metabolism). In fact, further increase in cerebro- and 
cardio-vascular risk in patients with OSAS is indicated by retrospective studies and 
could be indipendent of overweight. Studies of the relationship between insulin 
sensitivity and OSAS are scanty. Materials and Methods: The insulin resistance 
index HOMA-IR (Homeostasis Model Assessment) was determined in 25 male obese 
patients with OSAS (mean+ESM, age: 55.7+2.04 years; BMI: 35.8+1.07 kg/m2; 
Apnea-Hypopnea Index, AM: 41.8+5.44), in 24 male patients with simple obesity 
(OB, age: 49.7+2.02 years; BMI: 39.2+1.6 kg/m2, AM: <5) and in 153 normal 
subjects (NS,-153, age: 42.8+1.32 years; BMI: 23.3+0.32 kg/m2). In all obese patients 
nocturnal polysomnography was also performed to determine the Apnea-Hypopnea 
Index (normal value: < 5). The statistical analysis was performed by means of 
Analysis of Covariance (ANCOVA) with age, BMI and Waist-to-Hip Ratio (\VHR) as 
covariate variables, and Neuman-Keuls test where appropriate. Results: HOMA 
estimation of insulin resistance was different among the three groups (ANCOVA: 
p<0.00006). HOMA-IR values in OSAS were greater than those in OB (8.90+0.76 vs 
5.09+0.47, p<0.00001) which, in turn, were higher than in NS (5.09+0.47 vs 
3.18+0.15, p<0.0063). It has to be emphasized that overweight in OSAS was higher 
than in OB (p<0.004). Conclusions: Obese patients with obstructive sleep apnea are 
more insulin resistant than patients with simple obesity. Thus OSAS further impairs 
insulin sensitivity in obesity independently of the degree of adiposity. The worsening 
in insulin sensitivity in OSAS patients could reflect the hypoxic state and would 
account for the increased vascular risk in this condition. 
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INSULIN RESISTANCE IS A PROMINENT FEATURE OF CHRONIC HEART 
FAILURE INDEPENDENT OF THE UNDERLYING AETIOLOGY. 
S.T0URNIS',A.MELID0NIS',A.STEFANIDIS\S.HANDANIS J ,S.IRAK.L1AN0U' 
A.TSATSOULIS 1 ,1.GOUDEVENOS 3 , S.FOUSSAS 1 and D.SIDERIS 3 . 

1.DIABETIC CENTER, 2.CARDIOLOGY CLINIC, TZANIO HOSPITAL 3. 
CARDIOLOGY CLINIC, UNIVERSITY OF 10ANNINA, 4. ENDOCRINOLOGY 
UNIT, UNIVERSITY OF IOANNINA, IOANNINA, GREECE. 

Background and Aims: To investigate abnormalities regarding insulin sensitivity in 
patients with chronic heart failure (CHF) and their relation to the underlying 
aetiology. Materials and Methods: Twenty male patients (group A) with stable 
CHF of more than 6-mo duration (A1: 10 due to ischemic heart disease, A2: 10 due 
to non-ischemic cardiomyopathy, comparable according to EF and functional class- 
NYHA) and ten male control individuals (group B) were recruited. Insulin sensitivity 
was assessed by euglycaemic hyperinsulinaemic clamp technique (40mU/m 2 /min) by 
estimating the average glucose infusion rate (M value: umoI/Kg/min) and insulin 
sensitivity index (IS1) during the last hour of the test. Patients with diabetes mellitus, 
impaired glucose tolerance (after oral glucose tolerance test), impaired fasting 
glycaemia, hepatic, thyroid and renal dysfunction were excluded from the study. 
Results: The three groups were comparable according to age, BMI and WHR. 
Patients with CHF had higher insulin levels (137.1 ± 18.3 pmol/L vs. 75.1 ± 6.7 
pmoI/L, p = 0.022). Insulin sensitivity was significantly impaired in patients with 
CHF compared to controls [M value: 23.01 ± 1.2 umol/Kg/min vs. 34.08 ± 1.7 
umol/Kg/min, p < 0.001, ISI: 29.8 ± 2.9 vs. 48.28 ± 2.74, p < 0.001]. Regarding the 
underlying aetiology both ischemic and non-ischemic CHF were associated with 
impaired insulin sensitivity compared to controls (M-value: ANOVA : p < 0.001; A1 
vs. B: p <0.001; A2 vs. B: p = 0.001; and ISI: p < 0.01; A1 vs. B: p < 0.001; A2 vs. 
B: p = 0.01) with ischemic CHF patients significantly more insulin resistant 
compared to non-ischcmic (A1 vs A2: p = 0.027; A1 vs A2: p < 0.01, for M-valuc 
and ISI respectively). Regression analysis revealed that the presence of both ischemic 
(SC = - 0.894) and non-ischcmic CHF (SC = - 0.522) and fasting triglycerides (SC = 
- 0.301) were independent predictors of impaired insulin sensitivity (adjusted R J = 
0.711, p<0.001). Conclusions: Insulin resistance is a prominent feature in patients 
with CHF. Although ischemic heart disease is associated with more marked insulin 
resistance, the presence of chronic heart failure, independent of the underlying 
aetiology, is associated with impairment of insulin-mediated glucose disposal. 
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Development or diabetes in hepatitis C virus infected patients: The role of insulin 
resistance and autoimmunity 

S Salman, Y Tiituncu, K Demir, M Gu!§cn, F Selfukbiricik, AO Gurol, F Salman, K 
Kar§idag, N Din^ag, I Satman, A Okten and MT Yilmaz. Istanbul University Faculty 
of Medicine, Department of Internal Medicine, Division of Diabetes and 
Gastroenterohepatology. 

Background and Aim: The rate of diabetes increases in patients with Hepatitis C 
virus (HCV) chronic infection. Although, autoimmune diseases are induced by HCV 
infection, this relationship remains controversial for diabetes yet. The aim of the study 
was to evaluate the development of diabetes in HCV infected patients whether due to 
autoimmune Beta cell damage or insulin resistance seen in hepatocellular 
insufficiency. 

Material and Methods: The prevalance of islet cell autoantibodies (Glutamic acid 
decarboxylase antibodies-GADAs and Islet Cell Antibodies-ICAs) were assessed in 
63 nonselected HCV infected patients (47 diabetic, 16 nondiabetic) and in 24 age, sex 
and BMI matched control subjects (nonHCV infected, diabetic). Beta cell secretion 
capacity (HOMA-B) and insulin sensitivity index (HOMA-S) were performed by 
using Homeostasis Model Assessment (HOMA). 

Results: GAD As were detected in 3 of 47 (6 %) HCV (+) diabetic patients, 1 of 16 (6 
%) HCV (+) nondiabetic patients, and 2 of 24 (8 %) in HCV (-) diabetic control 
patients (p=NS). ICAs were positive in 3 of 47 (6 %) HCV infected diabetic patients 
and 1 of 16 (6 %) HCV infected nondiabetic patients on the other hand negative in 
HCV (-) diabetic control patients (p=NS). HOMA-B of HCV (+) nondiabetic patients 
were found significantly higher than HCV (+) and HCV (-) diabetic patients (331 ± 
128% vs 210 ± 97 %, p<0.001, and 331 ± 128 % vs 54±47 %, p<0.00l, respectively). 
There was also significant difference between HCV (+) and HCV (-) diabetic patients 
(p<0.001). In addition, HOMA-S results showed no difference between HCV (+) 
nondiabetic and diabetic patients (12 ± 7 % and 12 ± 6 %, p=NS), but significantly 
higher values in HCV (-) diabetic patients (41±37%vsl2±7% and 12 ± 6 %, 
p<0.001 for both). 

Conclusion: Our results suggest that Beta cell autoimmunity is not associated with 
HCV infection. So the increased diabetes mellitus prevalence among HCV infected 
patients could be mediated by insulin resistance generally seen in hepatocellular 
insufficiency. 
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Insulin resistance and hyperandrogenemia. The impact of metformin therapy 
RTlelmer, C. Terkamp, A. von zur MuhJen, G. Brabant, C. Schofl Abt. Klinische 
Endokrinologie, Medizinische Hochschule Hannover, Germany 

Background and Aims: Hyperandrogenemia and menstrual disorders are 
increasingly recognized to depend on insulin resistance. Here we prospectively 
investigated women referred to our Department for menstrual disorders or hirsutism 
as to their frequency of insulin resistance and tested the effectiveness of metformin 
therapy under these conditions. 

Materials and Methods: 55 patients were included in the study (age 31.5±7.4 yrs; 
BMI 33.8±7.0 kg'mZ). Insulin resistance was tested using the HOMA/CIGMA model. 
Serum levels of insulin, LH/FSH, 17-OH progesterone , total and free testosterone 
and androstendion were measured using commercially available RIA's. 16 subjects 
received metformin therapy (850 mg trice daily) for a minimum of 6 months; 8 
subjects served as controls. 

Results: According to HOMA/CIGMA 25 subjects were insulin resistant with an 
insulin sensitivity of < 70%. The BMI of these subjects was >30 kg/m2 in 65 %, 25- 
30 kg/m2 in 9% but in 26 % lower than 25 kg/m2. Metformin significantly reduced 
the LH/FSH ratio, insulin levels. 17-OH progesterone, androstendione, total and free 
testosterone (p<0.02 - 0.001) whereas control subjects did not change. Menstrual 
cycles improved in 14 of the subjects under metformin whereas 2 of 8 controls 
showed some improvement. 

Conclusions: App. 45 % of our patients presenting with hirsutism and/or menstrual 
disorders were insulin resistant according to HOMA/CIGMA testing and 25 % of 
these (i.e. app. 11%) had normal body weight. Insulin resistance was functionally 
important as shown by the successful treatment by metformin. These data support the 
close link betw een PCO, hirsutism and menstrual disorders with insulin resistance and 
indicates that these symptoms serve as a marker for insulin resistance even in normal 
weight subjects. 
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Peripheral Glucose Metabolism in Patients with Psoriasis 

R.M. Montenegro Jr.,Leonor MF.B. Gouveta, Gloria M.F.G. Paccola, Carlos E. Piccinato, 
Norma T. Foss, Milton Cesar Foss. Division of Endocrinology, Department of Internal 
Medicine, School of Medicine of RibeirSo Preto - University of Sio Paulo. RibeirSo Preto 
- Sao Paulo, Brazil 

Background and Aims: The present study was designed to determine the effect of 
psoriasis on peripheral glucose metabolism. 

Materials and Methods: Ten non-obese patients with psoriasis vulgaris (Psoriasis Area 
and Severity Index of 10.1 ±2.1 scores) and 11 healthy non-obese controls matched for 
age and BMI were studied after an overnight fast (12-14 h) and for 3 hours after ingestion 
of 75 g of glucose. Peripheral glucose metabolism was evaluated by the forearm technique 
to estimate muscle exchange of substrate combined with indirect calorimetry. Arterial and 
venous blood samples were collected by deep vein catheterization of the dominant forearm 
and the contralateral brachial artery under basal conditions and at 30, 60, 120 and 180 
minutes after ingestion of 75 g of glucose for the determination of glucose, insulin, free 
fatty acids, and 02 and C02 levels. Arteriovenous differences associated with blood flow 
measurements by capacitance plethysmography allowed the quantification of muscular 
metabolic flows, and carbohydrate and lipid oxidation rates were quantified by indirect 
calorimetry. Dat3 were analyzed statistically by the Mann-Whitney test (p<0,05). 

Results: Increased serum insulin (71 ± 8 vs. 49 ± 8 pmol/L) and normal glucose levels 
during fasting were observed in patients with psoriasis vulgaris compared to controls. 
After the glucose overload, blood insulin and glucose concentrations, and glucose uptake 
and oxidation did not differ significantly between groups. However, the patient group 
presented a delay of insulin secretion, with the maximum increase occurring at 120 
minutes. Muscular glucose utilization in non-oxidative metabolism was also significantly 
decreased in psoriatic patients when compared to controls (3.9 ±0.8 vs. 6.0 ± 0.6 
mmol/100 ml forearm-1 x 3 h-1). Both free fatty acid levels and lipid oxidation rates were 
similar in normal subjects and psoriatic patients and declined in a similar fashion after 
glucose ingestion, suggesting an adequate insulin sensitivity of adipose tissue. 
Conclusions: These data may suggest a preliminary state of muscular insulin resistance in 
patients with psoriasis manifested by impaired non-oxidanve metabolism and delayed 
insulin response to glucose overload. The increased fasting insulin levels observed in the 
psoriatic group may indicate that hepatic insulin resistance also plays a role in the insulin 
resistance found in this disease. 
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EVALUATION OF INSULIN SENSITIVITY AND BETA CELL FUNCTION 
IN WOMEN WITH POLYCYSTIC OVARY SYNDROME 

B. Bcndlova, J. Vrbtkova, M. Hill, M. Vafikova, K. Vondra, L. Starka 
Institute of Endocrinology, Prague 

Polycystic ovary syndrome (PCOS) is often connected with decreased insulin 
sensitivity (IS) and disturbances of p-ccll function (PF). The aim of our study was to 
evaluate the IS and the PF in a broad spectrum of PCOS women (BMI 18.7-47.4 
kg/m 2 ) using fasting, oGTT and insulin-tolerance test (ITT) derived indices, to 
compare them with healthy eumenorrhoeic women (C) and to find the best predictive 
variables of the impaired insulin action in the PCOS patients. 

Methods : 22 healthy control women with negative family history of PCOS and 
diabetes, aged 28 ± 6 . 8 yrs, and 54 women with PCOS, aged 25 ± 6.4yrs (mean ± 
SD) were studied. In the early follicular phase of menstrual cycle 3-hour oGTT with 
estimation of blood glucose (G), insulin (I), C-pcptide (Cp) and proinsulin (PI) in 0, 
30, 60, 120, 180 min., 15-min ITT (Krrr, Gx^^m, AUC-Gm) and anthropometric 
parameters were determined. After the adjustment to BMI, ANCOVA was 
performed (Statgrapbics Plus 3.0). In addition, logistic regression and ROC curves 
were used (NCSS 2000). Results : In PCOS, significantly higher waist/hip ratio 
(WHR, p<0.0001), Giso (p<0.05), I 30 (p<0.05), l lx (p<0.05), AI/AG^) (p<0.001), 
Cpo (p< 0 . 001 ), Cpiso (p<0.05). Km (p<0.05), the G^m (p< 0 . 01 ) and AUC-Gm 
(p<0.0001) were found. The best discrimination of PCOS from C was achieved 
using combination of WHR and G^jrr. The final model correctly classified 91.7% 
of patients (r=0.713, p<0.0001). The physiological hyperbolic relationship was 
found in all tested combinations of IS and pF indices. The PCOS differed most 
pronouncedly from C using the combination of AI/AG l 3 o<» and AUC-Gm 
(p<0.0001). Conclusions : In our PCOS patients, the increased PF was found. The 
impaired insulin sensitivity was evident especially after insulin stimulation during 
the ITT. The best discrimination of PCOS from healthy C was achieved using 
combination of WHR and ITT. 

Supported by IGA 4847-3, IGA 5395-5 MU CR, MU 000000023761. 
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Effects of hyperinsulinemia with euglycemic ad eu-aminoacidemrc conditions on 
fibrinogen synthesis in type 2 Diabetes Mellitus (T2DM). 

E. Kiwanuka, R. Barazzoni, M. Vettore, M. Cristini, D. Valbusa and P. Tessari. Dept, 
of Clinical and Experimental Medicine, Chair of Metabolism, University of Padua; 
Italy. 

Backgrounds and Aims: Fibrinogen is a strong cardiovascular risk factor in the 
general population, and increased fibrinogen plasma concentrations have been 
reported in T2DM However, the mechanisms leading to hyperfibrinogenemia in 
T2DM are not known. In normal subjects insulin (hyperinsulinemic, hypo- 
aminoacidemic clamp) inhibits fibrinogen fractional synthetic rate (FSR). However, 
the effect of insulin on fibrinogen synthesis in T2DM is not known. 

Materials and Methods: To address this question, fibrinogen FSR was determined in 
8 male T2DM patients and 7 non diabetic matched Controls (C) using leucine isotope 
precursor, product relationships, in the basal state and following a 4-hr euglycemic- 
hyperinsulinemic (100 uU/ml) clamp. Amino acid concentrations were maintained at 
the basal level in the hyperinsulinemic state using i.v amino acid infusions. 

Results: In the basal state, fibrinogen concentrations in the T2DM (363±42 mg/dl) 
were greater (p<0.05) than in C (258±17). Fibrinogen FSR was not different between 
T2DM (24.4±3.2 percent/day) and C (21.1 ±2.2). During the clamp, FSR increased 
(p<0.01) to 35.6±4.4 percent/day in T2DM whereas it did not change in C (to 
22.6±2.6). A negative correlation was found between insulin-mediated glucose 
disposal and the increase in fibrinogen FSR (r=-0.58, p<0.05). 

Conclusions: 1) Physiologic hyperinsulinemia with euglycemic and eu- 
aminoacidemic conditions stimulates fibrinogen FSR in T2DM. 2) In control subjects, 
euglycemic hyperinsulinemia with eu-aminoacidemia does not decrease fibrinogen 
FSR, as opposed to previous clamp studies with hypo-aminoacidemia. 3) The increase 
in fibrinogen FSR may be associated with insulin resistance. 4) Plasma amino acds 
may modulate the effects of insulin on fibrinogen FSR. 
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The Effect Of Acute Hyperinsulinaemia On Erythrocyte Membrane Ion 
Transport And Relation To Insulin Action In Offspring Of Hypertensive Parents 
G. Suchankova 1 , Z. Vlasakova 1 , J. Zicha 2 , M. Vokurkova 2 , Z. Dobesova 2 and T. 
Pelikanova 1 , ‘institute for Clinical and Experimental Medicine and 2 Institute of 
Physiology AS CR, Prague, Czech Republic 

Background and Aims: Several erythrocyte membrane ion transport abnormalities 
and insulin resistance (IR) are exhibited in patients with essential hypertension Aims: 
a)To assess erythrocyte membrane ion transport in offspring of hypertensive parents 
and healthy controls, b) to test in vivo effect of acute hyperinsulinaemia and c) to 
evaluate relation to IR_ 

Materrials and Methods: We measured the activities of Na*-K* pump, Na*-K* 
cotransport and Na*-Li* countertransport and passive membrane permeability (leak) 
for Na\ Rb* and Li + in offspring of hypertensive parents (n=I2; OHP) and healthy 
controls (n=14; C). Ion transport was assessed before and in fifth hour of 
hyperinsulinaemic euglycaemic clamp (HEC) lasting 10 hours (msulinaemia 75 
(lU/ml) and compared to that found under isoinsulinaemic isovolumic conditions. 
Insulin action was measured as glucose disposal (M) and insulin sensitivity index 
(M/I) in period 280-300 min of HEC. 

Results: M/I was significantly lower in OHP compared to C (0.12±0.07 vs 0.20±0.09 
mg. kg' 1 . min'VpU'.ml; p<0.05). Elevated Na*-Li* countertransport (0.080±0.004 vs 
0.068±0.003 mmoM'Vh' 1 ; p<0.05), Li + leak (0.106±0.004 vs 0.093±0.003 mmoLr’.h* 
p<0.05, p<0.05) and Rb* leak (0.160±0.014 vs 0.120±0.007 mmoU'Vh' 1 ; p<0.05) 
were found in OHP, but there were no significant differences in other transport 
activities. M correlated in all patients with Li* leak after HEC (r=-0.424, p<0.05), in 
OHP with Na 4 leak (r=-0.727; p<0.05) before HEC and in C with Li* leak (r=-0.736; 
p<0.01) after HEC. Acute hyperinsulinaemia did not modify significantly any of the 
investigated transport parameters. 

Conclusions: OHP displayed higher insulin resistance, enhanced activity of Na 4 - 
Li*countertransport and augmented passive membrane permeability for monovalent 
cations. Negative correlation was noticed between insulin action and membrane leaks. 
Acute hyperinsulinaemia did not modify any RBC ion transport. (Supported by grant 
IGA MZ CR:NB/66S2-3) 
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Effects of short-duration skeletal muscle exercise on glycogen sy nthesis during 
byperinsulinemia. A study using 13C-Magnetic Resonance Spectroscopy 
J.H. De Haan*,A.J. van den Bergh*. P. Smits#, A. Heerschap*, C.J Tack+ 

UMC Nijmegen. * Radiology, + General Internal Medicine, # Clinical Pharmacology 

Background and Aims: Both exercise and insulin stimulate glucose uptake in skeletal muscle, 
by translocation of GLUT 4 protein to the plasma membrane. Little is know about the 
additional effect of exercise upon insulin stimulated glucose uptake. 13C-MRS enables 
continuous, non-invasive measurement of glycogen synthesis in skeletal muscle in bum3ns. In 
this study, we measured the effect of a short bout of exercise on insulin-induced glycogen 
synthesis and blood flow in skeletal muscle. 

Materials and Methods: Five healthy subjects (age 20.24:1.8 >t$, BMI 21.341.4 kg/m2) 
underwent a euglycemic hypcrinsulinemic (430 pM/m2/min) clamp, using l-13C-glucose 
labeled infusion for 150 min, with simultaneous measurement of glycogen in skeletal muscle. 
Measurements were performed chi a 1.5T MR! (Siemens Vision, Erlangen), adapted to measure 
13Carbon, with a home-build quadrature 1H, circular 13C coil (Settings: Tr 180 ms, continuous 
wave decoupling turned on during 60 ms at 30 W. Number of scans 5000 and 2500. Glycogen, 
glucose and creatin levels were determined at the calf muscle. Glycogen synthesis rate, 
determined as the increase in glycogen signal in time was corrected for plasma l-13C-glucosc 
enrichment. Also Cl-glucose anomcr signals were determined. After baseline measurements, 
acute local exercise in the calf muscle at 50% maximum voluntary contraction was performed 
by one leg toe lifting for 1 min, twice. MRS measurements were continued for another 60 min. 
On a separate day, the w hole experiment w as repeated, w ith measurement of blood flow at both 
legs and one arm before and after exercise. 

Results: Baseline insulin-stimulated glycogen synthesis was 0.332 4 0.08 AU/min; exercise 
increased glycogen synthesis substantially to 1.013 4:0.286 AU/min (pO.Ol), relative increase 
3.09 4 0.92. After exercise, calf blood flow in the exercised leg increased from 1.4 ± 0.3 to 18.7 
4 : 5.3 mL/dL/min, but blood flow returned to 2.9 4 0.6 within 30 min, while the increase in 
glycogen synthesis was stable and ongoing The Cl-glucose showed a significant increase after 
exercise from 40.6 4 17.3 to 59.8 4 5.8 (p< 0.05), a relative increase of 1.5. 

Conclusions: In humans, a very short bout of exercise during hyperinsulinemia, substantially 
increases glycogen synthesis rate. Although exercise was also a strong stimulus for 
vasodilatation (explaining the increase in glucose content), the lack of a temporal relationship 
between the increase in blood flow and the increase in gly cogen synthesis argues against a 
direct causal effect 
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The Use of CSA Accelerometers To Investigate the Relationship of Physical 
Activity to Insulin Resistance in Five-Year-Old Children 

B.S. Metcalf, L.D. Voss, SM Howdle, A.N. Jeffery, T.J. Willem. University Medicine, 
Deniford Hospital, Plymouth, UK. 

Background and Aims: Low- levels of physical activity (PA) have been blamed for 
increasing childholld obesity, insulin resistance (IR) and its metabolic complications, 
which include type 2 diabetes. Electronic accelerometers are revolutionising our 
ability to profile children’s physical activity. 

Materials and Methods: EarlyBird is a prospective cohort study monitoring the 
physiognomy, health and lifestyle of 300 healthy school entrants (mean age 4.8 
years). Each has worn a CSA accelennoracter (validation reported elsewhere) for 
seven consecturive days to monitor activity both during a school week and at the 
weekend. PA is expressed in arbitrary units, resolved into low, medium and high 
intensity activity. IR was measured by homeostasis model assessment (HOMA) and 
visceral fat by ultrasound. 

Results: (n=100): Boys totalled more daily PA than girls, both during the school 
week and at weekends (p<0.05), and the difference was almost wholly accounted for 
by high intensity activity. There was a weak (positive) relationship between current 
w eight and total PA (max r=0.17). Significantly more (p<0.05) PA was recorded on 
weekend days (5.11x10* 5 units) than on school days (4.73xl0 A 5) in both sexes. The 
range of mean daily counts rose from 2.2-fold (2.91xlO A 5-6.50xl0 A 5) on school days, 
to 4.6-fold (1.94xlO A 5-8.84xlO A 5) at the weekend. Most importantly, there was a 
strong relationship (r=0.65, p<0.001) between a child's PA on a school day and on a 
weekend day, making it possible to identity the ’physically inactive phenotype'. 
Overall, there was no relationship at 5y between total PA and IR. In boys only, there 
was an inverse relationship between high intensity PA and visceral fat (r= -0.40, 
p<0.05) and a direct relationship between IR and visceral fat (rO.33, p<0.05). 
Conclusions: 1) Five-year-old school children are generally more active at weekends 
than during the school week. 2) Differences between individual children are striking. 
An 'inactive phenotype’ can be identified, even at 5y - the child who is inactive 
throughout the school week as well as at weekends. 3) IR is related to body weight at 
5y only in girls (reported elsewhere), an observation which could be explained by 
the greater amount of high intensity PA recorded among boys. 
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Role of physical activity, resting energy expenditure and diet-induced 
thermogenesis in w eight loss achievement. 

A. Giancaterini *A. De Gaetano, A.V. Greco, *S. Marino, M. Manco, **S. Camastra, 
**A_ Gastaldelli, **E. Ferrannini, *M. Castagneto, G. Mingrone. 

Institute of Internal Medicine and *Center for the Physiopathology of the Shock, 
CNR, Catholic University, Rome, Italy; ** Institute of Interna! Medicine, .Center of 
Clinical Physiology, Pisa, Italy. 

Background and aims: Obesity results from an imbalance between increased energy 
intake and reduced energy expenditure. A low resting energy expenditure (REE) has 
been shown to predict weight gain and obesity. Several cross-sectional studies have 
reported a blunted diet-induced thermogenesis (DU) in obese people, leading to the 
hypothesis that defective thermogenesis may contribute to the development of 
obesity. Furthermore, decreased fat oxidation has been documented in reduced-obese 
subjects, but in those studies only fasting RQ was measured; a definitive assessment 
of the ability to oxidize fat in reduced-obese requires measuring fat oxidation over 24 
hours. 

Materials and methods: We measured REE, DIT, physical activity (PA), substrate 
oxidation and EE during moderate exercise with the use of a respiratory chamber, in 
20 morbidly obese subjects (B\1I>40 kg/m2) undergoing either bariatric surgery 
(bilio-pancreatic diversion) or low-calorie diet. 

Results: Pre-Post weight loss differences in DIT were significantly higher (P^-0.034) 
in the BPD group (0.15+/-0.05) compared to the dieting group (-0.03+/-0.05). 
Furthermore, all patients showed a significantly (P=0.003) higher average rate of 
carbohydrate oxidation after weight loss (Pre-Post=-0.12+/-0.03). Furthermore, 
weight loss was also explained by the increased physical activity, as resulted from 
regression analysis (P=O.OI65). 

Conclusions: Tlte present study provides no evidence to support the hypothesis that a 
lower than expected REE is an inescapable consequence of weight loss. Although we 
cannot exclude the possibility that there is an increased energy efficiency after weight 
loss in some subjects, the results we have obtained suggest that many people have a 
normal REE after weight loss. Comparing BPD patients and dietary-restricted patients 
it is likely that many subjects who fail to maintain weight loss do so primarily because 
they are not able to maintain dietary and physical activity patterns that are different 
from those that prevailed in their overweight state. 
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COMPARISON OF THE EFFECTS OF EXERCISE AND INSULIN ON 
MUSCLE GLUCOSE UPTAKE AND PERFUSION IN TYPE 2 DIABETES 
K. Larmofa, K. A. Vulanen, T. ROnnemaa, J. Viikari, F. A. Lonnqvist, J. 
Kemppainen, K. Stolen and P. Nuutila. Turku PET Centre and Department of 
Medicine, University of Turku, Finland, Huddinge University Hospital, Karolinska 
Institute, Stockholm, Sweden. 

Background and aims: Insulin resistance is a pivotal underlying metabolic 
abnormality in most patients with type 2 diabetes, but the mechanism of insulin 
resistance in humans is not fully understood. We have investigated whether insulin 
and exercise stimulated muscle glucose uptake and perfusion in patients with type 2 
diabetes are decreased. 

Materials and Methods: For this purpose, muscle glucose uptake ([I8F]-FDG), 
blood flow ([I50J-H20) and oxygen consumption ([150J-02.) were measured with 
positron emission tomography (PET) in 8 patients with dietary treated type 2 diabetes 
(age 5842 years; BMI 3241 kg/m 2) and 9 healthy age-matched subjects during 
euglycemic hyperinsulinemic conditions (insulin infusion rate 1 mU/kg*min) and one 
legged isometric exercise (anteromedial muscle compartment, 10 % of maximal 
power). 

Results: Muscle oxygen consumption was -15-fold higher in the exercising muscle 
compared to the resting contralateral muscle and similar during exercise in both 
groups. Insulin stimulated muscle glucose uptake was 36 % lower in the patients with 
type 2 diabetes (1441 p mol/kg muscle*min) than in the healthy subjects (22±3, 
p<0.05). Furthermore, exercise stimulated glucose uptake to a lower extent in the 
diabetic group than in healthy subjects (2146 vs 57414 pmol/kg muscle*min, 
p<0.05). Blood flow rates in resting muscle was not different between the two groups 
(2742 vs 3649 mL/kg muscle*min, patients with type 2 diabetes vs healthy subjects, 
NS). However, in exercising muscle healthy subjects had higher blood flow rates than 
patients with type 2 diabetes (136411 vs 189420 mL/kg muscle*min, p<0.05). 
Conclusions: These results demonstrate that the response to exercise is impaired in 
type 2 diabetes. This is caused by both a decreased muscle perfusion and a decreased 
glucose uptake. 
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TEMPORAL CHANGES IN METABOLIC FITNESS WITH MODEST 
WEIGHT LOSS. 

Krebs JD, Mishra G and Jebb SA. MRC Human Nutrition Research, Elsie 
Widdowson Laboratory, Fulboum Rd, Cambridge, UK. 

Background and Aims: Current guidelines for obesity management emphasise the 
improvements in metabolic fitness associated with weight losses of 5-10% initial 
weight. However most of the data is derived from periods of acute weight loss and 
may not represent the true effect in the longer term. Methods: 57 overweight 
women (Age 43.7 ±9.1 yrs, mean BMI 31.7kg/m 2 , range 27.2-38.5kg/m 2 ) with no 
other significant medical history, entered a milk-based low energy weight loss 
programme for 12 weeks and were then monitored without further intervention until 
52 weeks. Weight, fasting plasma insulin, lipids and blood pressure were measured 
at 0, 12, 24 and 52 weeks. Results: The mean weight change in sequential periods 
was -11.6% (p<0.0001), +1.1% (p=0.02) and +5.2% (p<0.000l). The change from 
baseline at one year being -6.0% (pcO.OOOl). The table shows the baseline and 
mean change in metabolic parameters at 12 and 52 weeks (paired t-test). _ 


Variable _ units Week 0 Week 12 p valueWeek 52 p value 


Weight 

kg 

85.9 

-9.93 

<0.0001 

-5.16 

<0.0001 

Insulin* 

pmol/1 

51.9 

-15.2 

<0.0001 

-3.8 

0.20 

Total Choi 

mmol/1 

6.23 

-0.37 

0.0003 

0.18 

0.21 

LDL Choi 

mmol/1 

4.30 

-0.29 

0.011 

0.066 

0.63 

IIDLChoI 

mmol/1 

1.30 

-0.01 

0.70 

0.061 

0.27 

Triglceride* 

mmol/1 

1.38 

-0.17 

0.050 

0.15 

0.049 

Systolic BP 

mmHg 

129 

-7.2 

0.0062 

-6.8 

0.0006 

Diastolic BP 

mmllj 

86 

-6.9 

<0.0001 

-5.5 

0.0002 


* Variable was logged for analysis. (Choi = Cholesterol) 

After acute weight loss, there are significant improvements in metabolic fitness. 
However despite maintenance of more than 5% weight loss at one year only 
improvements in blood pressure remain significant. CONCLUSIONS: This study 
highlights the need for maintenance programmes to consolidate improvements in 
health in this group of modestly obese otherwise healthy women. 
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Transjugular intrahepatic portosystemic shunt elevates insulinemia without any 
influence on insulin resistance 

Dufincovi J., Dresslerova I., HuJek P. Fejfar T., Safka V., Stefanek J. 

1st Dept, of Internal Medicine, University Hospital Hradec Kralove 
Dept. Of Physiology, Medical Faculty, Hradec Kralove 

Background and aims: Liver cirrhosis (LC) is characterized by insulin resistance 
(IR) and hyperinsulinemia (HI). Both, a higher insulin secretion rate and a reduced 
insulin hepatic clearance (IHC), contribute to HI. A decrease in IIIC may be due 
either to hepatocellular dysfunction or to portosystemic shunting. TIPS (transjugular 
intrahepatic portosystemic shunt) takes an important part in the treatment of portal 
hypertension in patients with LC and presents a model situation for a sudden change 
in portal pressure. Aim of study was to find the answer to the question: Is HI and IR 
influenced by TIPS? 

Materials and methods: Our study group consisted of 22 patients with LC (13 
diabetics and 12 without DM). We analyzed insulin and C-peptid levels in peri feral 
blood samples (IRMA method) and IR by euglycemic insulin clamp method before 
TIPS, lday, 1 week and 1 month after TIPS. We used Wilcoxon test for statistical 
analysis. 

Results: The insulin levels increased 1 hour after TIPS (121 vs 265pmol/L) 
(p=0,002) and this level was stable to 1 month after TIPS. There were no diferences 
between group of patients with and without DM. There were no changes in C-peptide 
level. The average metabolic clearance of glucose (M) was l,7mg/kg/min in diabetics 
and 3,7mg/kg/min in patients without DM (p=0,03). There were increase of IR 1 day 
after TIPS (p=0,02) and decrease of IR 1 week after TIPS (p=0,03). We did not find 
any significant changes in M I month after TIPS. The results in diabetic patients 
were the same as in nondiabetic. 

Conclusions: TIPS augments hyperinsulinemia in patients with LC by decresing HIC. 
TIPS does not aggravate the insulin resistance. 

Supported by IGA MZ CR NA 4558-3 and C£Z:J 13/98:111500003 
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EUGLYCEMIA LV1PROVES IIYPERGLYCEMIA*L\DUCED INSULIN 
RESISTANCE IN PATIENTS WITH UN CONTROLLED TYPE 2 DIABETES 
M. Pouwels 1,2 , C. Tack 1 , A Hermus 2 and J. Lutterman 1 . ’Divisions of General 
Internal Medicine and Endocrinology, Dpt of Medicine, University Medical Center 
St Radboud, PO Box 9101,6500 HB Nijmegen, The Netherlands. 

Background and Aims: Chronic hyperglycemia causes insulin secretion defects and 
aggravates insulin resistance. This so-called glucose toxicity is reversible by any therapy 
achieving euglycemia. The duration of treatment, required for ameliorating 
hyperglycemia-induced insulin resistance is unknown in diabetic patients who are 
insufficiently controlled despite large doses of s.c. insulin (and thus are severely insulin 
resistant). This category of patients represents a true clinical problem. We investigated 
whether a period of euglycemia obtained by i.v. insulin treatment, follow ed by continuous 
subcutaneous insulin inftision (CSII) with a short-acting insulin analogue, could improve 
metabolic control and insulin sensitivity in patients with uncontrolled diabetes type 2, 
despite treatment Materials and Methods: 8 Patients with type 2 diabetes (F:M=6:2, age 
53+13 yrs, BMI 38+6 kg m-2), who were in bad metabolic control despite s.c. insulin 
treatment with a four-dose regimen (insulin dose 1.92±0.65 U/kg/day, HbAlc 12.0+1.7 
%), were admitted for 37+12 days and treated with i.v. insulin for 31+10 day's, followed 
by CSII, using insulin Lispro. They also received education, diet and exercise instructions 
and metformin treatment Blood glucose (BG) was measured 4 times daily. Insulin dose 
was individually titrated Qycemic treatment goals were fasting and premeal BG 4.0-6.5 
mmol/L. Before and after 28+6 days, a hyperinsulincmic euglycemic clamp (insulin 120 U 
m-2 min-1) was performed After discharge they were followed frequently in the 
outpatient department Results: After 15+6 days of treatment, patients were euglycemic 
and remained euglycemic while admitted Insulin dose required to remain euglycemic 
decreased from 1.7+0.9 to 1.1+0.6 U/kg/day (p<0.005). This period of euglycemia 
improved insulin sensitivity substantially: whole body glucose uptake, measured with the 
clamp increased from 12.7+5.6 to 22.4+8.8 micromol/kg/min (p<0.0005). HbAlc 
decreased from 12.0+1.7 to 8.6+1.1% (p<0.0001) after 28 days, to 7.3±0.8% after 3 
months (n=8), to 7.3+0.6 after 6 months (n=6) and to 7.8+1.1 after 1 year (n=6). Lipid 
levels improved as well. Mean weight did not change after 3 months and after 1 year. 
Conclusions: A period of strict metabolic control achieved by i.v. insulin followed by 
CSII using insulin analogues ameliorates the chronic hyperglycemia-induced insulin 
resistance. Remarkably, this improved metabolic control in our patients was sustained up 
to at least one year. 
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A 3-DAY INSULIN-INDUCED NORMOGLYCEMIA IMPROVES 
CARBOHYDRATE OXIDATION IN TYPE 2 DIABETIC SUBJECTS. 

V. Rigalleau, C. Rabemanantsoa, and H. Gin . Nutrition-Diabetologie, Hopital Haut- 
Lev£que, 33600 PESSAC, France. 

Background and aims : 2 months of a better glycemic control improve carbohydrate 
oxidation in type 2 diabetes, however this benefit is uncertain for a shorter duration : 
hyperglycemia promotes glucose oxidation, and post-challenge glucose oxidation is 
reduced after a 3-day fast in such patients. We tested the effect of 3 days of 
normoglycemia induced by insulin infusion. Materials and methods: Ten type 2 
diabetic subjects (age: 56±3yrs; BMI: 30,0+1,1; HbAlC: 10,1+0,5) were studied 
twice, before and after normal glucose levels were maintained by a 72 hours 
intravenous insulin infusion. Indirect calorimetry was performed 1 hour before (basal) 
and during the 3 hours after (post-prandial) the ingestion of a standard meal 
(carbohydrates: 72g, fat: 21g, protein: 32g), at 12 tun.. Carbohydrate storage was 
calculated as: ingested carbohydrate-(postprandial glycosuria+ suprabasal post¬ 
prandial carbohydrate oxidation). Comparisons were performed by one-way ANOVA 
for repeated measurements. Results : After normoglycemia, glucose and triglyceride 
levels were decreased (Basal glucose: 13,8+1,1 mmol/L to 8,8+0,5; post¬ 
prandial 14,9+0,9 to 11,0+0,5; Basal triglycerides 2,2+0,1 mraol/L to l,6+0,2; post¬ 
prandial 2,7±0,2 to 1,9+0,2; all p<0,01), Cpeptides were unchanged. Glycosuria 
(before: 0,30 mg/kg/min) was abolished after normoglycemia. Basal carbohydrate, 
lipid, protein oxidation and energy production rates were unchanged. Post-prandial 
carbohydrate oxidation was increased after normoglycemia (before: 1,33+0,38 
mg/kg/min, after: 1,77+0,42; p<0,05). Lipid oxidation and plasma free fatty acids 
tended to be more suppressed by the meal after normoglycemia (NS). Carbohydrate 
storage (before: 67,5+4,6g, after: 65,7+3,6; NS) and diet-induced thermogenesis did 
not change after normoglycemia. Conclusions: Short-term insulin-induced 
normoglycemia improves the post-prandial oxidation of carbohydrates, but not their 
storage. Differing effects on lipid metabolism may explain why fasting and insulin 
improve carbohydrate metabolism via opposite mechanisms. 
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NICOTINE INFUSION ACUTELY IMPAIRS INSULIN SENSITIVITY 
IN TYPE 2 DIABETIC PATIENTS BUT NOT IN HEALTHY SUBJECTS 
B Eliasson, T Axelsson, P-A Jansson and U Smith. Lundberg Laboratory for 
Diabetes Research, Sahlgrenska University Hospital, S-413 45 Gbteborg, Sweden. 
Background and aims : The aim of this study was to examine if an acute nicotine 
infusion alters insulin sensitivity to a similar degree in Type 2 diabetic patients as 
in healthy control subjects. 

Materials and Methods : This is a double-blind, cross-over, placebo-controlled, 
randomised experimental study. Nicotine 0.3 pg/kg x min or NaCI was infused 
(two hours) during a euglycemic hyperinsulinemic clamp (four hours) to assess 
insulin sensitivity. Six male and female Type 2 diabetic patients (DM2; age 54±10 
(meaniSD) years, BMI 25.6±2.9 kg/m2) treated with diet or one oral hypoglycemic 
agent and six age- and BMI-matched control subjects (Ctr). Nicotine and FFA 
levels, pulse rate and blood pressure were also measured. 

Results : The infusions produced similar nicotine levels levels in both groups. In the 
absence of nicotine, DM2 were more insulin resistant than Ctr (6.7±0.4 vs 10.9±0.3 
mg/kg LBM per min, respectively, p<0.0001). This insulin resistance was further 
aggravated by the nicotine infusion in DM2 but not in Ctr (4.6+0.3 vs 10.9±0.3 
mg/kg LBM per min, p<0.0001). Only minor differences were seen in FFA levels, 
pulse rates and blood pressure. 

Conclusions : At this low infusion rate, nicotine aggravated the insulin resistance in 
DM2 but not in Ctr. This finding may be due to the (dysmetabolic) diabetic state 
per se or to an increased sensitivity to environmental factors associated with a 
genetic predisposition for Type 2 diabetes. These results show that diabetic subjects 
are particularly susceptible to the detrimental effects of nicotine. 
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Daily rhythms in plasma glucagon are mediated by the biological clock and 
independent of food intake. 

M. Ruiter, A. Kalsbeek and R.M. Buijs. Netherlands Institute for Brain Research, 
Amsterdam, The Netherlands. 

Background and Aims: Previously we showed the existence of an endogenous 
rhythm in rat plasma glucose, independent of the timing food intake. The glucose 
rhythm was shown to be generated by the hypothalamic biological dock, located in 
the suprachiasmatic nucleus (SCN). At present it is not known, however, how the 
SCN effectuates its control. Glucagon is a pancreatic hormone strongly related to 
plasma glucose concentrations. Our goal was to determine whether plasma glucagon 
levels display a daily rhythm and, if yes, whether this rhythm is controlled by the 
SCN. 

Materials and Methods: Male Wistar rats, equipped with permanent silicon heart 
catheters, were fed ad libitum or fasted for 32 hours. Plasma glucagon concentrations 
were determined in blood samples taken every hour for a duration of 24 hours. 

Results: In ad libitum fed rats, a clear difference between glucagon concentrations in 
the light (mean 78 +/- 5 pg/ml) and dark (mean 90 +/- 5 pg/ml) period was shown. 
Food restriction starting at the beginning of the dark period caused a gradual decrease 
in glucagon levels from 81 +/- 8 pg/ml in the middle of the dark period (6 hour fast), 
to a nadir of 56 +/- 7 pg/ml in the middle of the light period (19 hour fast). Although 
food was still absent, glucagon concentrations gradually increased thereafter to a peak 
of 97 +/- 11 pg/ml at the start of the following dark period. In the light period, 
glucagon concentrations in fasted animals were significantly lower that those in fed 
animals. There was no significant difference between glucagon levels of fed and 
fasted animals in the dark period. 

Conclusions: Plasma glucagon concentrations show a daily rhythm in ad libitum fed, 
but also in fasted rats. The latter finding indicates the presence of an endogenous 
glucagon rhythm, independent of food intake. We suggest this rhythm is generated by 
the SCN. This hypothesis will be tested in further experiments. This work was 
supported by the Dutch Diabetes Foundation. 
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The effect of ramipril on glucose tolerance and insulin sensitivity in animal 
model(OLETF/LETO rats) 

K.H.Yoon, S.RKo, S.H.Suh, Y.B.Ahn, S.J.Yoo, KH.Song, H.S.Son, M.I.Kang, 
B.Y.Cha, K,W,Lee, H.Y.Son, S.K.Kang. Depatment of Endocrinology and 
Metabolism, Catholic Research Institutes of Medical Science, The Catholic 
University of Korea, Seoul, Korea 

Background and Aims: Angiotensin-converting enzyme inhibitors(ACEI) are known 
that reduce the rates of death, myocardial infarction, stroke, heart failure as well as the 
risk of complications related to diabetes and of diabetes itself. But any proof is shown 
that ACEI improve glucose tolerance or insulin sensitivity or reduce the incidence of 
onset of diabetes. 

Materials and Methods: To study about this issue, 4 groups of rats were studied in 
parallel for 6 months. OLETF rats were randomized to treat with water solution of 
ramipril(5mg/Kg) daily(n=10) and with sa!ine(n=I0, control group). LETO rats were 
also randomized as OLETF rats. We have assessed blood level of glucose, body 
weight, systolic and diastolic blood pressure every 1 month. After sacrifice, pancreas 
was obtained for the evaluation of the difference of their islet architectures. 

Results: At 6 months, 24hrs urine protein level was measured and insulin tolerance 
test and oral glucose tolerance test were done for all experimental groups. Ramipril 
treatment for a period of 6 months significantly improved the mean value of 
AUCg(571.9+/-72.2 vs 629.1 +/-79.0mg/dl), systolic blood pressure(I08.2+/-10.6 vs 
153.5+/-9.0mmHg), diastolic blood pressure(87.CH7-9.0 vs 12I.9+/-8.4mmIIg) and 
Kitt(9.87+/-1.2 vs 8.97+/-1.9) in OLETF rats(p<0.05). Such a similar beneficial 
efFects were also observed in the case of LETO rats. In morphologic study, prominent 
destructive changes of islet including islet fibrosis were observ ed in control groups. 
Conclusions: The observed beneficial effects of ramipril on insulin sensitivity in 
experimental rats suggest that ramipril, long acting angiotensin-converting enzyme 
inhibitor, may contribute to preserve the beta cell mass and prevent the onset of 
diabetes itself in addition to development of diabetic complications. 
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Characterization of a miniglucagon-generating activity in the CH4CI cell line 
G.FONTES, F.BERGERON, S.DALLE, V.HOSPITAL*. APRAT*. NSEIDAH*, 
D BATAILLE. Inserm U376, CHU-Amaud-de-VilJeneuve, 34295 Montpellier Cedex 05, 
France and *IRCM Laboratoire J.A de Seve de biochimie neuroendocrinienne, Montreal, 
Canada 

Background and Aims: Miniglucagon, the C-terminaJ (19-29) fragment of glucagon, 
processed from the mother-hormone at the Argl7-Argl8 site and present in glucagon- 
secreting A-cells, displays original biological activities. In particular, it inhibits at very 
low doses (sub-picomolar) secretagogue-induced insulin secretion. A miniglucagon- 
generating endopeptidase (MGE) activity was shown to be present in various tissues, 
including liver and heart and partially characterized. How'ever, the precise nature of MGE 
is still unknown. 

Materials and Methods: GH4C1 cells were incubated in serum-free DMEM containing 
4.5 g/1 glucose for 2-hour periods. The conditioned media were pooled and, after 
concentration by centrifugal filtration, incubated with glucagon for various periods of time 
and conditions. The miniglucagon production was measured using a specific radio¬ 
immunoassay. 

Results: A MGE activity is present in the GH4C1 pituitary cell line and secreted into the 
medium. The activity, showing an optimal pH of 7.5, displays the features of a zinc- 
metalloprotease: inhibition by metal chelators such as 1,10 phenantroline (inhibition >90% 
at 0.1 roM) or EDTA (inhibition >60% at 1 mM) and by phosphoramidon (inhibition 
>60% at 50 pM), restoration of the activity by addition of zinc), while addition of large 
amounts of zinc in the absence of chelator inhibits the enzymatic activity (>50% at 10 
mM), as observed for several zinc-metal loproteases. A weak inhibitory effect was 
observed with serine-proteases inhibitors such as PMSF (15% at 0.1 mM), while a modest, 
yet significant effect of Ieupeptin was observed (30% at 0.1 mM), suggesting the presence 
of a free thiol residue close to the active site. A prominent feature of this MGE activity is 
its ability to be inhibited by insulin (36% inhibition at 100 nM, >60% at 400 nM). Finally, 
the miniglucagon-producing activity is very sensitive to aminopeptidase A and B 
inhibitors such as amastahn (inhibition >60% at 1 pM) and bestatin (inhibition >60% at 30 

Conclusions: Altogether, our data suggest that MGE is a complex of two metal loproteases 
: a zinc endopeptidase that cleaves between the two Arg residues, and an aminopeptidase 
that eliminates the N-terminal Arg residue of the C-terminal fragment Such a two-step 
peptide processing was previously described for the NRD convertase + Aminopeptidase B 
complex from testis, suggesting that MGE uses the same type of processing mechanism. 
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CLP-1 INDUCES PI3K ACTIVATION IN RAT ADIPOCYTES 

A. Redondo, N. Gonzilez, M.V. Trigo, V. Sancho, I. Valverde and ML. 
Villanueva-Peflacarrillo. Fundaci6n Jimenez Diaz, Madrid, Spain. 

Background and Aims: GLP-1 has shown to be lipogenic, and also -at higher 
concentrations- lipolytic, in rat and human isolated adipocytes; at high doses, it 
provokes an increase in cAMP content, whereas no change is detected at 
lipogenic and non-lipolytic concentrations; in 3T3-L1 cells, a decrease in cAMP 
levels was documented with GLP-1, exendin-4 (Ex4), and exendin 9-39 (Ex9) -a 
known antagonist of pancreatic GLP-1 receptor-, which led to the concept that in 
these cells the GLP-1 receptor is different from the pancreatic one. In this work, 
the role of PI3K activation in the signal-transduction pathway leading to the 
effects of GLP-1 and exendins, in rat adipocytes, was investigated. Materials 
and Methods: Adipocytes were isolated by enzymatic digestion from normal 
Wistar rats. Lipogenesis was measured as ,4 C-Na acetate incorporation in 2 
hours, at 37°C, in the absence (control) and presence of 10‘ 13 -10" 9 M Ex4 or Ex9, 
or 10' 10 -I0' 9 M GLP-1 or insulin, and without and with 10**M wortmannin (PI3K 
inhibitor). Glycerol release was measured in the absence and presence of 10' 9 M 
GLP-1, without and with wortmannin, during 60 min at 37°C. PI3K activity was 
measured as P1P3 formation in cells incubated during 3 min in the absence and 
presence of 10' 9 M GLP-1, Ex4 or Ex9. Results: Ex4 and Ex9, both significantly 
stimulated lipogenesis from already 10' 13 M (Ex4: 124±7% of control,/K0.005; 
Ex9: 125±4, p<0.01; both n=5), reaching their apparent maximal value at 10‘ 1 °M 
(Ex4: 143±10, n=6,p<0.02; Ex9; 141 ±6, n=5,/J<0.01), and being the stimulus at 
IO‘ to M similar to that exerted by GLP-1 (137±7, n=4, p<0.01) or by insulin 
(124±5, n=5, p<0.02). The presence of wortmannin abolished the lipogenic action 
of GLP-1 as well as that of insulin or either exendin. The effect of I0*‘°M GLP-1 
on glycerol release (223±15% of control, n=5, /KO.OOl) was reduced in the 
presence of wortmannin (142±14, n=5, p<0.05, and /?<0.05 vs GLP-1). Also, 
10* ,o M GLP-1, Ex4 and Ex9, as insulin, induced a significant (p<0.01, or lower) 
activation of PI3K. Conclusions: In rat adipocytes, the lipogenic affect of GLP-1, 
as that of insulin, requires the activation of PI3K, whereas its lipolytic effect is 
only partially reduced in the presence of wortmannin. Ex4 and Ex9, both induce 
lipogenesis, and for their lipogenic action the activation of PI3K is also required. 
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THE CEPHALIC INSULIN RELEASE IS CHOLINERGIC AND NON- 
CHOLINERGIC AND OF PHYSIOLOGICAL IMPORTANCE IN HUMANS 
B. Ahr£n and J.J. Holst, Lund University, Sweden, and Copenhagen University, 
Denmark 

Background. The preabsorptive insulin response to meal intake has in animals been 
demonstrated to be cholinergically mediated. However, its nature as well as its phy¬ 
siological relevance for the glucose homeostasis have not been established in humans. 
We therefore studied the mechanisms and physiological relevance of the cephalic 
insulin response to meal ingestion in twelve healthy volunteers. 

Subjects and methods. Twelve healthy women (age 63±0.4 years, BMI 27.7±1.7 
kg/m 2 ) were given either the ganglionic antagonist, trimetaphane, which impairs neu¬ 
rotransmission across parasympathetic and sympathetic autonomic ganglia, or 
atropine or saline during the first 15 min after ingestion of a standard meal (350 kcal). 
Frequent samples were taken for analysis of glucose, insulin and the gastrointestinal 
hormones gastric inhibitory polypeptide (GIP) and glucagon-like peptide-1 (GLP-1). 
Results. During saline infusion, insulin increased during the first 10 min after meal 
ingestion, whereas the first increase in glucose was evident at min 15. The preabsorp¬ 
tive 10 min insulin response was reduced by 73±11% by trimethaphane (P=0.009), 
which was accompanied by impaired reduction of glucose levels from min 25 to 60 
after meal ingestion (Aglucose with saline -1.27±0.5 mmol/1 versus +0.1 ±0.4 mmol/1 
with trimetaphane, P=0.008). This 25 to 60 min reduction in glucose levels correlated 
significantly to the 10 min insulin response (r=0.65, P=0.024). The 10 min insulin 
response to meal ingestion was also reduced by atropine, but only by 20±9% 
(P=0.045), which was lower than by trimetaphane (P=0.004). The preabsorptive insu¬ 
lin response was not accompanied by increases in GIP or GLP-I. 

Conclusion: l)The early preabsorptive insulin response to meal ingestion in humans 
is largely due to autonomic activation mediated by both non-cholinergic and choliner¬ 
gic mechanisms, 2)this cephalic insulin response is required for a normal glucose 
tolerance, and 3)GIP and GLP-1 do not contribute to the preabsorptive cephalic phase 
insulin response. 
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ETHANOL EXAGGERATES POSTPRANDUL TRIGLYCERIDE LEVELS AND 
DEALYS GLP-1 RESPONSES LN TYPE-2 DIABETIC PATIENTS 

M. Dalg3ard, C. Thomsen, B.M. Rasmussen, J.J. Holst* and K.Hermanscn. Dept, of 
Endocrinology and Metabolism, Aarhus Amtssygehus, Aarhus University Hospital; Dept 
of Human Physiology, Panum Institute, University of Copenhagen*, Denmark. 
Background and Aims: Alcohol is known to increase triglyceride levels in both healthy 
and diabetic subjects. Increased fasting triglyceride concentrations are found to be an 
independent risk marker of cardiovascular disease. Our aim was to study the impact of 
alcohol on postprandial Iipeamh in type-2 diabetic subjects by comparing the postprandial 
responses og triglycerides, NEFA, glucose, insulin and the incretins, glucagon-like peptide 

1 (GLP-1) and gastric inhibitory polypeptide (GIP), to three fat rich test meals. Material 
and Methods: In a randomised cross-over trial 11 subjects with type-2 diabetes(62.8 +/- 
7.1years; BMI 2S.9 +/- 3 kg/m2; HbAlc 6,4+/- 0.8 % ) were studied on 3 seperate days, 
where the following meals were ingested in a random order: 100 g butter (control), 100 g 
butter+40 g alcohol and 50 g carbohydrate (alco), 100 g butter+120 g carbohydrate 
(CHO). The alco and CHO were isoenergetic. The postprandial test period was 8 h. 
Repeated Measurements of ANOVA was used for statistical calculations. Results: Alco 
induced significantly higher triglyceride responses at 6 h and 8 h compared with the two 
other test meals which did not cause different responses. Mean values +/- SD at T-360 
min : (aIco:4.0+/-2.3; control:2.8 +/- 1.7, CHO: 3.2+/-L9)mmol/L Mean values +/- SD at 
T=480 min : (alco: 3.8+/- 2.3, control: 2.2 +/-1.2; CHO: 2.4 +/- 1.8)mmol/L. Incremental 
area under the postprandial 8 h curve ( LAUC-8h) for the serum glucose curve was 
increased by 3.8 times to CHO and by 2.0 times to alco compared to the controI(P<0.05). 
IAUC-8h for insulin was 3 times higher to CHO compared to control (P<0.05); no 
significant difference between control and alco. IAUC-8h for GIP to CHO was 1.7 times 
higher compared to control and 1.5 times greater than alco. No statistical significant 
difference was seen between control and CHO. GLP-1 was significantly suppressed by 
alco at T-60 min compared with control and CHO, mean values +/- SD: (Alco: 16+/- 6; 
Control: 27+/- 12; CHO: 30+/- 9) pmoI/L At T=480 min the GLP-1 response was 
significantly increased compared with control and CHO (alco: 33 +/- 14; control: 20 +/-4, 
CHO: 18 +/- 10) pmol/L. Conclusion: Supplementation of a fat rich meal with alcohol in 
type-2 diabetic subjects increased the triglyceride responses and suppressed the GLP-1 
responses without affecting insulin levels. Whether this reflects a direct alcohol-induced 
suppression of GLP-1 which in turn cause an impairment of triglyceride clearance in type- 

2 diabetic patients remains to be elucidated. 
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D1PEPTIDYL PEPTIDASE IV INHIBITION PROMOTES DIFFERENTIATION 
OF NEW BETA CELLS IN 60% PANCREATECTOMISED RATS 
U. Ribel, E. Bentsen. J. Remer, B. Jorgensen, P. Rothe, K.E. Pedersen. 

K. Wassermann, M. Wilken and R. D. Carr. Novo Nordlsk, Denmark 
Background and aims: Inhibition of dipeptidyl peptidase IV (DPPIV) Is known 
to protect the endogenous intact biologically active form of glucagon-like pep¬ 
tide 1 (GLP-1) from degradation, and to have an ameliorative effect on glu¬ 
cose tolerance in rats. Since GLP-1 is believed to have an effect on beta-cell 
mass, we have Investigated the effect of valine pyrrolidide (VP) in 60% pan- 
createdomised rats. Materials and Methods: Male Sprague-Dawley rats 
(100 g) were subjeded to 60% pancreatedomy and allowded to recuperate 
for 4 days. Animals were divided into two groups (n=6) with matched oral glu¬ 
cose tolerance (OGTT, 2g/kg) on day 4 and were then treated with VP 20 
mg/kg or vehide (water) p.o. twice daily for 4 days. On day 8 a second OGTT 
was performed, and, on day 9 a blood sample was drawn and remnant and 
regenerated pancreas was removed and immunostained for insulin. Results: 
The area under the glucose curve during OGTT (0-120 min) is reduced signifi¬ 
cantly in the VP treated animals to 51 ± 32% of pre-dose OGTT (p<0.05). The 
vehicle treated group showed an unchanged area, 100 ± 35%. The single 
blood sample drawn just before sacrifice showed elevated plasma GLP-1 con¬ 
centration level in the VP treated group (25 ± 6 pM vs. 15 1 2 pM, p<0.05) and 
slightly elevated insulin concentration level too (191 t 81 pM vs 131 ± 17 pM, 
ns.). Histological evaluation revealed that in 5 out of 6 VP treated animals, in¬ 
sulin expression in beta-cells was greater in islets located in the regenerating 
tissue. In the vehicle group insulin expression was detected in only 1 out of 6 
animals. Conclusion: The results indicate that the DPPIV inhibitor VP accel¬ 
erates the differentiation process in the regenerating tissue, leading to in¬ 
creased formation of new beta-cells. This result Is consistent with the signifi¬ 
cant decrease of the glucose excursion observed with VP treatment in this 
model. 
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Cultured pancreatic ductal cells undergo cells cell cycle re-distribution and beta- 
cell-Iike difTerentiation in response to GLP-l. 

A- Bulotta, Hui H., Anastasi E., Di Mario U. and Perfetti R_ Cedars-Sinai Medical 
Center/UCLA, Los Angeles, CA and University of Rome'La Sapienza* 

Background and Aims: The intestinal hormone GLP-l has been shown to promote 
an increase in pancreatic beta cell mass via proliferation of islet cells and 
differentiation of non-insulin secreting cells.In this study we characterize some of the 
events that lead to the difTerentiation of pancreatic ductal cells in response to 
treatment with human GLP-L 

Materials and Methods: Rat pancreatic ductal cells (ARTP) were cultured in the 
presence of GLP-l and analyzed for cell cycle distribution, expression of growth 
arrest molecules p21 and p27, and transcription of beta-cell-specific genes. 

Results: Exposure of ARIP cells to 10 nM of GLP-l induced a cell cycle re¬ 
distribution leading to a significant growth arrest of cell in culture. Comparison of 
serum-starved cells with GLP-l-treated cells (for 12 h) showed a significant decrease 
of cells in S-phase. This was associated with a symmetrical increase of the percentage 
of GLP-l-treated cells in GO-Gl-phase of the cell cycle. Western-blot analysis for the 
growth arrest signaling proteins p21 and p27, demonstrated that GLP-l induced an 
up-regulation of both factors. A significant increase of p21 level was observed within 
the first 12 h from the beginning of GLP-l-treatment, while p27 reached its highest 
expression level at 24h. As cells slow down their proliferation-rate, GLP-l induced a 
time-dependent expression of various beta-ceU-specific mRNAs. The glucose 
transporter GLUT-2 was always the 1st of those factors to be expressed (24 h of GLP- 
1 treatment), followed by insulin (48 h) and finally by the glucose phosphorylating 
enzyme glucokinase (56 h). 

Conclusions: The present study elucidates some the biological steps that lead a ductal 
cell to acquire a beta-cell-like phenotype. 
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INHIBITORY EFFECT OF GHRELIN ON INSULIN SECRETION IN 
THE RAT PANCREAS. 

E.M. Egido, J. Rodrfguez-Gallardo, E. Gutierrez, P. Garcia, R.A. Silvestre and J. 
Marco. Clfnica Puerta de Hierro and Department of Physiology, Universidad 
Autdnoma de Madrid, Spain. 

Background and Aims: Ghrelin is a novel 28 amino acid peptide identified in 
both rat and human stomach which acts as an endogenous ligand for the growth- 
hormone secretagogue receptor (GHS-R) and stimulates growth hormone (GH) 
release. GHS-R is expressed in a number of tissues including the pancreas. 
Ghrelin has been found in peripheral blood. Interestingly, in the rat, plasma 
ghrelin levels are increased by fasting. In the present study we have investigated 
the effect of ghrelin on insulin and glucagon secretion in the isolated perfused rat 
pancreas. Materials and Methods: Perfusate consisted of Krebs-Henseleit buffer 
supplemented with dextran (4%), albumin (0.5%) and glucose (5.5 mmol/1). 
Hormones were measured by RJA. Results: Infusion of ghrelin at 2 nmol/1 
significantly reduced the late phase (from 5 to 15 min) of the insulin response to 
increasing perfusate glucose level from 5.5 to 9 mmol/1 (incremental area: 34±6 
ng/10 min, MeaniSEM, vs. 80±I6 ng/10 min in control experiments; p<0.05). At 
10 nmol/1 ghrelin markedly inhibited both phases of the insulin response to 
glucose [incremental areas: First phase (0-5 min): 11±2 ng/5 min vs. 27±4 ng/5 
min, in control experiments; p<0.05. Second phase (5-15 min): 43±14 ng/10 min 
vs. 79±10 ng/10 min in controls; p<0.05]. Ghrelin also reduced the late phase 
(from 5 to 15 min) of the insulin response to 10 mmol! arginine (incremental 
area: 78±I6 ng/10 min vs. 176*33 ng/10 min in control experiments; p<0.05). 
Ghrelin did not significantly affect the glucagon response to arginine. 
Conclusion: Our findings are consistent with a direct inhibitory effect of ghrelin 
on the B-ceJI. At present, conjecture about the implication of this peptide in the 
regulation of insulin secretion would be highly speculative. However, when 
considering ghrelin as a pharmacological agent - by virtue of its GH releasing 
activity, its diabetogenic (insulinostatic) effect should be taken into account. 
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EVIDENCE FOR EARLY IMPAIRMENT OF INCRETIN-INDUCED 
INSULIN SECRETION IN TYPE 2 DIABETES. 

A. Dei Cas, R.Lugari, D.Ugolotti, L.Finardi, A.L.Bari!li, ’C.Ognibene, ‘A.Orlandini, 
•R.Zandomeneghi and A.Gnudi. Department of Endocrinology, University of Parma, 
Italy, ’Department of Internal Medicine, University of Modena, Italy. 

Background and Aims To investigate a possible role of an entero-insular axis 
involvement in the pathogenesis of type 2 diabetes, plasma Glucagon-Like Peptide 1 
(GLP-l) 7-36 amide response to nutrient ingestion was evaluated in type 2 diabetics 
affected by different degrees of beta-cell dysfunction. Materials and Methods 14 
patients on oral hypoglycaemic treatment (Group A: HbAlC=8.1*1.8%) and I! ace- 
matched diabetics on diet only (Group B: HbAIC=6.4±0.9) partecipated in the study. 
10 healthy volunteers were studied as controls. In postabsorptive state a mixed meal 
(700 KCal) was administered to all subjects and blood samples w-ere regularly 
collected until 180' for plasma glucose, insulin, glucagon and GLP-l determination. 
Results In the control group the test meal induced a significant increase in plasma 
GLP-l at 30' and 60' (p<0.01), returning then the peptide values toward basal levels. 
B-ce!l function estimation by HOMA score confirmed a more advanced B-cell 
involvement in Group A with respect to Group B (p<0.01), insulin resistance degree 
resulting, by contrast, similar between the groups (HOMA-R). In Group A first phase 
postprandial insulin secretion (0-60’) was, as expected, significantly reduced with 
respect to healthy subjects (AUC: p<0.001). In the same patients mean fasting GLP-l 
values was similar to controls, but the meal failed to increase plasma peptide levels, 
which even tended to decrease during the test (p<0.01). In group B food-mediated 
early insulin secretion was increased with respect to group A (AUC: p<0.001), even 
though significantly reduced when compared to controls (p<0.01). Similarly to group 
A, no GLP-l response to food ingestion occurred in Group B patients, in spite of 
maintained basal peptide secretion. Whereas in the control group the test meal did not 
significantly modify plasma glucagon levels, in both groups of diabetic patients 
glucagon concentrations increased at 30’ and 60* (p<0.01). Conclusions 1) the incretin 
effect, in terms of GLP-l secretion, results to be seriously impaired even in condition 
of mild diabetes; 2) the early entero-insular axis dysfunction could play a role in the 
progressive B-cell deterioration towards overt type 2 diabetes. 
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Effect of xenin-8 on pancreatic hormone secretion in the rat pancreas. 

J. Rodriguez-Gallardo, E.M. Egido, E. Gutierrez, P. Garcia, R.A. Silvestre and J. 
Marco. Clinica Puerta de Hierro and Department of Physiology, Universidad 
Autonoma de Madrid, Spain. 

Background and Aims: Xenin is a 25 amino acid peptide of the 
neurotensin/xenopsin family identified in gastric mucosa and brain in various 
mammals including man. In healthy subjects, plasma xenin immunoreactivity 
increases after meals. Moreover, in dogs, i.v. xenin infusion raises plasma levels on 
insulin and glucagon and stimulates exocrine pancreas secretion. The latter effect has 
also been demonstrated for xenin-8, the C-terminal octapeptide of xenin. We have 
investigated the direct effect of xenin-8 on insulin, glucagon and somatostatin 
secretionjn the perfused rat pancreas. 

Materials and Methods: Pancreases were isolated from fed normal Wistar rats. 
Perfusate consisted of Krebs-Henseleit buffer supplemented with dextran (4%), 
albumin (0.5%) and glucose (5.5 mmol/1). Xenin-8 (Peninsula Labs.) was tested at 
100 nmol/1. Hormones were measured by RIA 

Results: Xenin-8 infusion induced a prompt, short-lived increase in insulin secretion 
at 5.5 mmol/1 glucose (FI0,50=2.51; p<0.05) and potentiated the insulin response to 
increasing perfusate glucose concentration from 5.5 to 9 mmol/l (incremental area: 
56*3 ng/15 min, MeaniSEM, vs. 32*5 ng/15 min in control experiments, p<0.01). 
The inhibition of glucagon release induced by such glucose increase (FI 5,45=3.01; 
p<0.05) was not observed when xenin-8 w r as simultaneously infused (FI5,75=0.77; 
n.s.). Xenin-8 failed to significantly modify somatostatin release (F10,40=0.2; n.s.). 
Conclusions: In the rat pancreas, the C-terminal octapeptide of xenin stimulates 
insulin release, counteracts the glucagonostatic effect of increasing glucose level and 
does not affect somatostatin output. Our findings support the concept that the 
reported'in vivo* effects of xenin on insulin and glucagon plasma levels represent a 
direct influence of this peptide on B- and A-cells. 
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Lowered blood glucose, hyperglucagoueraia and pancreatic alpha-cell 
hyperplasia in glucagon receptor deficient mice. 

Gelling RVV, Huang H, Rnmer, Du XQ, Cui L, Nishimura E, and Charron MJ. 
Departments of Diabetes Biochemistry and Metabolism, Pharmacology, and Diabetes 
Biology, Novo Nordisk A/S, Milov, Denmark, Department of Biochemistry, Albert 
Einstein College of Medicine, Bronx, NY. USA- 

Background and Aims: Glucagon, the counter regulatory hormone to insulin, is 
secreted from the pancreatic alpha-cells in response to low blood glucose. The main 
function of glucagon is to stimulate hepatic glucose production. However, glucagon 
receptors (GR) are found on a number of extra-hepatic tissues suggesting other 
regulatory roles. To examine in detail the role of glucagon in glucose homeostasis we 
generated mice homozygous for a null deletion of the glucagon receptor (GR-/-). 
Materials and Methods: Mice homozygous for a null deletion of the GR were 
generated using standard gene targeting technology. In all studies described here, 
GR-/-, GR+/- and Iittermate wild type (WT) control mice back-crossed (F3-F6) into 
the C57BL6 background were used. Ail studies were carried out following the NTH 
Principles of laboratory animal care. 

Results: GR-/- mice appeared normal and had similar growth curves to both YVT 
control and GR+/- mice. Northern analysis of liver RNA, 1251-glucagon binding 
studies of liver membranes, and conscious glucagon challenge experiments all 
indicated that GR-/- mice lacked functional GR. Mean daily blood glucose levels in 
GR-/- mice were 6S% of that seen in WT or GR+/- mice, and fasting blood glucose 
levels were 4.1 ± 0.2 mM for GR-/- compared to 6.9 ± 0.3 mM in age, sex matched 
WT control mice. Serum glucagon was elevated to supra-physiological levels in GR- 
/-mice: GR-/-, 23500 ± 590 pg/ml vs. WT, 60 ± 6 pg/ml. Immunocytochemical 
examination revealed vast alpha-cell hyperplasia in the pancreatic islets of GR-/- 
compared to either WT controls or GR+/- mice, with the alpha-cell mantel of most 
islets accounting for approximately 60-80 % of the total islet mass. 

Conclusions: Preliminary characterization of GR-/- mice indicates that while these 
mice are viable they display lowered blood glucose throughout the day. In addition 
serum glucagon levels are extremely elevated due to substantial hyperplasia of alpha- 
cells within the pancreatic islets. Studies are underway to more fully characterize 
alterations in glucose homeostasis in GR-/- mice and to determine the molecular 
mechanism responsible for the alpha-cell hyperplasia. 
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A fast GIP bolus injection test to characterize insulin secretory defects in first 
degree relatives of type 2 diabetic patients 

B. Gallwitz, J.J. Meier, N. Siepmann, W.E. Schmidt. J.J. Holst, M.A. Nauck. St. 
Josef-Hospital, Ruhr-University Medical School, Bochum and Diabeteszentrum Bad 
Lauterberg, Germany, Dept. Medical Physiology, Panum Institute, Copenhagen, 
Denmark 

Background and Aims: Since the responsiveness of insulin secretion to exogenous 
Gastric inhibitory Polypeptide (GIP) is reduced in normal glucose-tolerant first- 
degree relatives under hyperglycaemic clamp conditions, the question arose whether 
simpler tests might be applicable. 

Patients and Methods: 25 first-degree relatives of type 2-diabetic patients (age 44 + 
1 ly., BMI 25.7 + 4.4 kg/m2) and 14 healthy control subjects (negative family history, 
45+12 y., BMI 25.7 + 28 kg/m2) were examined with an oral glucose load (75 g) 
and an intravenous bolus injection of synthetic human GIP, 20 pmol/kg body weight 
administered on different occasions in the fasting state. Blood was drawn over 35 
min. for plasma glucose (glucose oxidase), insulin, C-peptide (specific 
immunoassays). Statistics: RM-ANOVA. 

Results: Insulin secretion (insulin, C-peptide plasma levels) was stimulated 
significantly with exogenous GIP (p<0,0001). The insulin response was reduced in 
first degree relatives compared to normal subjects (p<0,005) and a significant 
proportion of first degree relatives fell below the 95% confidence intervall of healthy 
subjects. Similar results were obtained with C-peptide. However the difference was 
not significant while the pattern was identical. 

Conclusion: In line with a lower insulin secretory response to exogenous GIP under 
hyperglycaemic clamp conditions, our quick bolus injection test identified subjects 
with a reduced insulin secretory response towards GIP in a similar way. Such a test 
may be of value to detect early insulin secretion defects in a population at risk for 
developing type 2 diabetes. 
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CHARACTERIZATION OF GLUCAGON RECEPTOR KNOCKOUT MICE. 

J.C. Parker, K.M. Andrews. Nl.R. Allen, J.L. Stock, M.D. Carty, YV.C. Soeller, K.A. 
Martin and J.D. McNeish. Pfizer Global Research & Development, Groton 
Laboratories, CT, USA. 

Background and Aims : The action of glucagon in the liver is mediated by G-coupled 
receptors coupled both to adenylate cyclase and to the hydrolysis of inositol 
phospholipids. In order to examine the role of glucagon in glucose homeostasis we 
have generated mice in which the glucagon receptor was inactivated (GR' mice). 
Materials and Methods : The targeting vector was constructed by cloning 8.4 Kb of 
5’homology and 2.9 Kb of 3'homology from a DBA/1 LacJ murine genomic phage 
library into a pJNS2 (PGK-NEO/PGK-TK) backbone vector. The glucagon receptor 
knockout vector replaced -1.8 Kb of genomic locus, corresponding to amino acids 
56-303. Deletion of the glucagon receptor w’as confirmed by RT-PCR using liver 
tissue and by measurement of [ 125 I]-gIucagon binding to liver membranes. 

Results: GR’ mice were of similar body weight to age-matched wild-type (WT) 
animals. Fasting blood glucose levels were somewhat elevated in GR' mice relative 
to WT (83 ± 5 mg/dl in WT, 136 + 7 mg/dl* in GR') as were fasting plasma insulin 
levels (0.42 ± 0.07ng/ml in WT, 0.66 ±0.18 ng/ml* in GR'). All data are means ± 
SEM for 4-14 male animals, * indicates p < 0.05 vs. YVT by t-test. The 
corresponding values in fed mice were blood glucose 104 ± 1 mg/dl in YVT, 119 ± 3 
mg/dl* in GR'; plasma insulin 2.85 ± 0.94 ng/ml in YVT, 0.86 + 0.15 ng/ml* in GR'. 
There was no significant effect on fasting plasma cholesterol (156 ± 5 mg/dl in WT, 
140 ± 9 mg/dl in GR”) or triglyceride levels (197 ± 11 mg/dl in NYT, 159 ± 26 mg/dl 
in GR”) associated with deletion of the glucagon receptor. Glucose tolerance, as 
assessed by an oral glucose tolerance test, was normal. Plasma glucagon levels were 
strikingly elevated (160 ± 21 ng/ml in YVT, 4222 ± 487 ng/ml* in GR' when fasting, 
and 62 ± 9 ng/ml in YVT, 1891 ± 324 ng/ml* in GR" when fed. 

Conclusions: Mice in which glucagon receptors are not expressed maintain near- 
normal glycemia and normal lipidemia, in the presence of circulating glucagon 
concentrations that are elevated by 2 orders of magnitude. 
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DPP IV RESISTANT N-TERMINALLY MODIFIED GIP 
ANALOGUES WITH ENHANCED INSULINOTROPIC ACTIVITY 
F.P.M. O’Harte, V.A. Gault, p. Harriott, J.C. Parker and P.R. Flatt, School of 
Biomedical Sciences, University of Ulster, Coleraine, N. Ireland, BT52 ISA 

Aims: To examine the plasma stability and biological activity in vitro of two 
novel N-terminally modified analogues of GIP, acetylated GIP (Ac-GIP) and 
pyrogiutamyi GIP (pGlu-GIP). Methods: GIP, Ac-GIP and pGIu-GIP were 
synthesised by Fmoc solid-phase peptide synthesis, purified by HPLC and 
identified by electrospray ionization mass spectrometry. Degradation studies 
were carried out by incubating each peptide (n=3) with either DPP IV or 
human plasma. Insulin releasing ability (mean ± SEM, n=8) was assessed by 
acute 20 min incubations with clonal pancreatic BRIN-BD11 ceils. Cyclic 
AMP production was assessed (n=6) in Chinese hamster lung fibroblast 
(CHL) cells transfected with human GIP receptors. Results: GIP was rapidly 
degraded by DPP IV and plasma, the half-lives being 2.3 and 6.2 h, 
respectively. In contrast, no degradation product GIP(3-42) was observed 
following exposure of Ac-GIP or pGIu-GIP to DPP IV or plasma even after 
24 h. Native GIP dose-dependently stimulated insulin secretion by 1.2 to 1.8- 
fold over the concentration range I O' 13 to 10'* mol/l at 5.6 mmol/i glucose. 
Both Ac-GIP and pGIu-GIP were more potent at stimulating insulin release 
between 10'" to 10 ® mmol/l when compared to the native GIP (P<0.001), 
with 1,4-fold and 1.3-fold increases observed for Ac-GIP and pGIu-GIP at 
10'* mol/l, respectively. Both Ac-GIP and pGIu-GIP were extremely potent 
(P<0.001) at stimulating cAMP production with EC 5 o values of 1.9 and 2.7 
nmol/1, respectively, almost a 10-fold increase when compared to native GIP 
(18.2 nmol/1). The maximal cAMP production when compared to GIP for 
both Ac-GIP and pGIu-GIP were 165.7 ± 1.3% and 183.9 ± 5.7%, 
respectively. Conclusions: N-terminal modifications of GIP confer not only 
resistance to plasma degradation but significantly increase biological activity 
in vitro, raising the possibility of use in therapy of type 2 diabetes. 
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GIP ANALOGUES SUBSTITUTED AT Ala 1 EXHIBIT IMPROVED 
PLASMA STABILITY AND INSULIN-RELEASING ACTIVITY 
V.A. Gault, P. Harriott*, P.R. Flatt and F.P.M. O’Harte, School of 
Biomedical Sciences, University of Ulster, Coleraine, N. Ireland and ‘School 
of Biology and Biochemistry, Queen's University of Belfast, N. Ireland. 

Aims: To determine the plasma stability, insulinotropic activity and cyclic 
AMP production of two novel analogues of GIP substituted at the 
penultimate Ala 2 by Gly or Ser. Methods: GIP, (Ser)GIP and (GIy 2 )GIP 
were synthesized using standard Fmoc solid-phase peptide synthesis, purified 
by reversed-phase HPLC and characterised using electrospray ionization 
mass spectrometry. Peptide degradation was determined by incubation in 
vitro with both dipeptidylpeptidase IV (DPP IV) and human plasma. Insulin 
release (mean ± SEM, n=8) was measured from clonal pancreatic BRIN- 
BD11 cells following acute 20 min incubations. Intracellular cAMP 
production was measured (n=6) using Chinese hamster lung fibroblast (CHL) 
cells stably transfected with human GIP receptors. Results: Incubation with 
DPP IV showed the half-lives of (Ser 2 )GIP and (Gly 2 )GIP to be significantly 
greater than native GIP 4.8, >12 and 2.3 h, respectively. In human plasma, 
the half-lives were 9.8, >12 and 6.2 h, respectively. Native GIP dose- 
dependently stimulated insulin secretion by 1.2- to 1.8-fold over the 
concentration range 10‘ 12 to 10'* mol/1 at 5.6 mmol/1 glucose. Both (Gly ! )GIP 
and (Ser 2 )GIP were more potent at stimulating insulin secretion when 
compared to the native GIP (PO.OOl), with 1.2-fold and 1.5-fold increases 
observed at 10'* mol/1, respectively. Upon binding to CHL cells, GIP, 
(Ser J )GIP and (G!y 2 )GIP evoked a marked stimulation of cAMP production. 
The calculated EC 5 o values for these peptides were 18.2, 15.0 and 14.9 
nmol/1, respectively. Conclusions: Substitution at the penultimate Ala 2 in 
GIP by Ser or Gly not only improves stability to plasma degradation by DPP 
IV but enhances biological activity in vitro suggesting a possible role in type 
2 diabetes therapy. 
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The effect of gastric inhibitory polypeptide on 3T3-L1 adipocytes. 

Y. Tsubamoto, Y. Hayashi, A. Tashita, Y. Kobara, T. Jinnouchi, Y. Yamada, Y. Seino 
and T. Jomori. Sanwa Kagaku Kenkyusho Co., Ltd., Mie, Japan and Department of 
Metabolism and Clinical Nutrition, Graduate School of Medicine, Kyoto University, 
Kyoto, Japan 

Background and Aims: Gastric inhibitory polypeptide (GIP) is an insulinotropic 
peptide released from intestinal K cells after absorption of glucose or fat. We have 
revealed that GIP is essential in promoting obesity when fed a high fat diet using GIP 
receptor deficient mice. In this study, we have examined the direct effects of GIP on 
adipocytes by using differentiated 3T3-L1 cells. 

Materials and Methods: 3T3-L1 cells were differentiated with insulin, EBMX and 
dexamethasone. The cAMP content of the cells was measured after 30-min incubation 
with or without GIP. The uptake of 2-deoxyglucose was measured by using 2- 
[3H(G)]deoxyglucose. Lipoprotein lipase (LPL) activity was measured in medium 
after 3-h incubation with or without GIP follow ed by addition of heparin. 

Results: GIP failed to affect the cAMP levels in undifferentiated 3T3-L1 cells. 
However, the cAMP production in adipocytes derived from 3T3-L1 cells was 
increased to 8.4-fold by the stimulation of 1 pM GIP. In contrast to the case of GIP, 
glucagon-like peptide-1 (GLP-1), another incretin, had no effects on cAMP levels 
even in differentiated 3T3-LI cells. GIP also significantly increased 2-deoxyglucose 
uptake in 3T3-L1 adipocytes both in the absence (54.8 ± 2.2 pM/min/well at 0 M GIP 
vs. 66.9 ± 5.0 at 100 nM GIP) and presence (109.3 ± 8.2 vs. 174.7 ± 13.6) of 1 nM 
insulin. Moreover, GIP at 1 nM increased an activity of the LPL on 3T3-L1 
adipocytes by 57%. 

Conclusions: The results in this study suggest that the stimulation by GIP could 
increase lipid accumulation in 3T3-L1 adipocytes through the production of cAMP. 
These effects of GIP on adipocytes indicate that GIP promotes obesity not only 
through stimulation of insulin secretion from pancreatic p-cells but also through a 
direct effect on adipocytes. 
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ANTAGONIST ACTIONS OF NOVEL (Pro^GIP ANALOGUE AND GIP(3- 
42) ON CYCLIC AMP PRODUCTION AND INSULIN SECRETION 
P.R. Flatt, V.A. Gault, P. Harriott and F.P.M. O’Harte, School of Biomedical 
Sciences, University of Ulster, Coleraine, Northern Ireland, U.K. 

Aims: To determine the biological activity of a truncated and a structurally 
modified GIP analogue on cyclic AMP production and insulin secretion. 
Methods: GIP(l-42), (Pro 3 )GIP and GIP(3-42) were synthesised by Fmoc 
solid-phase peptide synthesis, purified by HPLC and characterised by 
electrospray ionization mass spectrometry. Both GIP and (Pro 3 )GIP were 
tested for stability by incubation (n=3) with pooled human plasma and 
dipeptidylpeptidase IV (DPP IV). Insulin secretion (mean ± SEM) was 
assayed using cultured glucose-responsive BRIN-BD11 cells during acute 20 
min incubations (n=8). Intracellular cAMP stimulation at the GIP receptor 
was measured using Chinese hamster lung fibroblast cells (n=6) transfected 
with the human GIP receptor. Results: GIP was rapidly degraded by DPP IV 
and human plasma with only 62 ± 5% and 23 ± 1% remaining intact after 4 
h. (Pro 3 )GIP proved to be a DPP IV resistant analogue and remained intact 
over the 24 h incubation as determined by HPLC. In clonal BRIN-BD11 
cells, GIP (10‘ 13 to 10‘* mol/1) stimulated insulin secretion (1.2- to 1.8-fold; 
P<0.01) compared to control incubations (5.6 mmol/1 glucose alone, n=8). 
Both (Pro 3 )GIP and GIP(3-42) were significantly less potent at stimulating 
insulin secretion (P<0.01) compared to control. In the presence of GIP (10*' 
mol/1) both (Pro 3 )GlP and GIP(3-42) dose-dependently inhibited (PO.OOl) 
insulin release compared to native GIP. At 10'* mol/1 (Pro 3 )GIP and GIP(3- 
42) exhibited 1.7- to 1.8-fold decreases in insulinotropic activity compared to 
native GIP. GIP was able to stimulate cAMP production with an EC 50 value 
of 18.2 nmol/1. (Pro 3 )GIP and GIP(3-42) only very weakly stimulated cAMP 
production and antagonised the effects of 10‘ 7 mol/1 native GIP. The maximal 
stimulatory values compared to GIP (100%) were 9 ± 2.1% and 25 ± 2.5%, 
respectively. Conclusions: (Pro 3 )GIP and GIP(3-42) acted like GIP receptor 
antagonists, inhibiting GIP mediated insulin release and cAMP production. 
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Quantification of the incretin effect in first-degree relatives of Type 2-diabetic 
patients compared to healthy control subjects 

M.A. Nauck, B. Gabrys, J. Holst, J. Meier, B. Galhvitz, W.E. Schmidt. 
Diabeteszentrum Bad Lauterberg, Dep. of Med. I, St.-Josef-Hospital, Ruhr-Univ. 
Bochum, Germany and Dep. of Med. Physiol., Panum Institute, Univ. of Copenhagen, 
Denmark 

Background and Aims: A reduced responsiveness of insulin secretion to exogenous 
Gastric Inhibitory Polypeptide (GIP) has not only been demonstrated in Type 2- 
diabetic patients, but also in their normal glucose-tolerant first-degree relatives, who 
are characterized by a high risk to develop Type 2-diabetes later in life. It w r as the aim 
to investigate the integrity of the entero-insular axis in such subjects. 

Materials and Methods: Seveteen first-degree relatives of Type 2-diabetic patients 
(5 male, 12 female, age 50 ± 11 y., BMI 26.1 ± 3.8 kg/m2) and 9 healthy control 
subjects (negative family history, 5 male, 4 female, p = 0.23; 45 ± 13 y., p = 0.32; 
25.7 ± 4.3 kg/m2, p = 0.74) were examined with an oral glucose load (75 g; O) and 
an'isoglycaemic’ intravenous glucose infusion (IV) copying the same glycaemic 
profile on separate occasions starting in the fasting state. Blood was drawn over 240 
min for plasma glucose (glucose oxidase), insulin, C-peptide, GIP, GLP-1, and 
glucagon (specific immunoassays). Statistics: RM-ANOVA, regression analysis. 
Results: Insulin secretion (insulin, C-peptide plasma levels) were stimulated 
significantly more by oral as compared to intravenous glucose in both groups. The 
percent contribution of the incretin effect ([0-lV]/0 * 100 [%]) was similar in both 
groups (C-peptide: 62.5 ± 5.1 vs. 63.6 ± 7.1 %, p = 0.90; insulin: 74.2 ± 3.3 vs. 74.7 ± 
5.3 %, p = 0.97). A tendency towards higher GIP and lower GLP-1 responses after 
oral glucose was not significant (p = 0.79 and 0.80, respectively). Integrated 
incremental insulin secretory responses and incretin effects correlated more 
significantly with GIP than with GLP-1 responses, the relations being stronger in 
healthy subjects than in first-degree relatives. 

Conclusions: Despite a lower insulin secretory response to exogenous GIP, incretin 
effects are similar in first-degree relatives of Type 2-diabetic patients. This is not 
explained by the compensatory hypersecretion of GIP or GLP-1. GIP appears to be 
the more important incretin (vs. GLP-1), especially in healthy subjects. 
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Sustained appetite suppression and weight loss in obese rhesus monkeys treated with 
a long-acting GLP-1 derivative, NN2211 

B.C. Hansen, C. Bjerming, L. Bjerre Knudsea Obesity and Diabetes Research Center, 
University of Maryland School of Medicine, Baltimore, MD, USA and Health Care 
Discovery, Novo Nordisk A/S, Denmark 

Background and Aims: In rodents and pigs, the long-acting GLP-1 derivative, NN22II, 
has been reported to have potentially important clinical properties, including glucose 
lowering, and attenuation of diabetes development, as well as appetite suppression and 
lowering of body weight. We have examined the efficacy of NN2211 to alter ad libitum 
food intake levels, and to reduce body weight in adult rhesus monkeys (Macaca mulatta) 
with spontaneous naturally-occurring middle-age onset obesity. 

Materials and Methods: Five non-diabetic monkeys with a mean(±SE) body weight of 
I5.8±L2 kg (body fat >25%) were provided monkey chow ad libitum, with biscuits 
counted two times per day to assess intake in the first 1.5 hours after dosing and during the 
total 8 hour food intake period The protocol included five test periods: initial vehicle 
(three weeks), to be followed by NN2211 (30pg/kg b.LA) administered by subcutaneous 
injection, a washout period, a second dosing level (IOpg/kg b.i.d), and a final washout 
period 

Results: Mean food intake during the predosing period was 722 ±31 keal/day (X±SE), 
equal to an average intake of 48.6 keal/kg per day (range 40.1 to 53.8 keal/kg/day). The 
30pg/kg'd3y dose of NN2211 produced an immediate and sustained reduction in food 
intake to less than 10% of baseline intake (mean intake 44±9.1 keal/day; 3 kcal/kg/day), 
accompanied by significant weight loss of 0.4 kg (p<0.03)over 4 days. This dose was 
selected based on acute studies, but produced very low intakes and was therefore halted 
Food intake then recovered NN2211 was resumed at a dose of lOpg/kg b.i.d for 16 days 
(after 6 days one monkey’s dose was further reduced to 5pg/kg/day due to excessive food 
intake reduction). NN2211 (lOpg/kg b.i.d.) produced a sustained reduction in food intake 
to 457±52 kcal/kg/day, 38% below baseline intake (p<0.05), with weight loss during the 
16 days of 0.42 kg (p^0.05). Immediately after termination of dosing food intake 
recovered fully (701 ±46 kcal per day). Body weight was regained during the month of 
follow up after the end of dosing. At all times the behavior of the monkeys appeared to be 
normal, with no signs of illness. 

Conclusions: This GLP-I derivative, NN22II, appears to have sustained activity to 
reduce food intake over at least 8 hours and to produce weight loss in obese rhesus 
monkeys, indicating strong potential for clinical efficacy in humans. 
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NN’2211, A LONG-ACTING GLP-1 DERIVATIVE, AMELIORATES 
GLYCAEMIA AND REDUCES TRIGLYCERIDE LEVELS IN PRE-DIABETIC 
ZDF RATS IN THE ABSENCE OF LNCREASED b-CELL MASS. 

C.F. Gotfredsen, B. Rolin, J. Sturis, M Wilken, H Nygaard, R.D. Can and L. Bjerre 
Knuds en, Novo Nordisk A/S, Bagsvaerd, Denmark 

Background and Aims: GLP-1 has several effects desirable for the treatment of type 2 
diabetes but has a very short half-life. NN2211, a long-acting derivative of GLP-1, is 
designed for once daily administration in humans. This study compared the effect of 
NN2211 on glycaemia, insulin and lipid levels, body weight, and b-cell mass in young 
ZDF rats after 2 weeks dosing. 

Materials and Methods: Male pre-diabetic ZDF rats, 8 weeks old, received 200 pg/kg 
NN2211 or vehicle (veh) s.c. twice daily (n-10). Blood glucose and plasma insulin were 
measured during an OGTT after 1 and 26 doses (day 13). Basal (unfasted) levels of 
insulin, glucagon, fructosamine, triglyceride and total cholesterol were measured after 15 
doses (day 8). Body weight was measured before the study start and at the end of the study 
period (day 13). 

Results: NN2211 did not affect die BG response during OGTT after 1 dose, but 
significantly lowered AUC for glucose after 26 doses (1194±f 0 mmol/l*min vs 1682±117 
mmol/1 *min p=0.0012). Delta peak insulin was significantly increased with NN2211 
(743±137 pmol/l vs 174±82 pmol/1, p=0.003). Basal insulin was significantly lower with 
NN2211 (742±78 pmol/1 vs H51±80 pmol/l, p=O.OOI7). Fructosamine levels (128.5±2.4 
pmoLl vs 169.7±9.3 pmol/1, p<t).001) and triglyceride levels (3.1 ±0.2 mmol/1 vs 9.8±1.I 
mmol/1, p<0.001) were also significantly reduced with NN2211 compared with vehicle. 
Body weights were significantly low'er in the NN2211 treated group at the end of the study 
period (319±5 g vs. 347±4 g, p<0.001). b-cell mass was lower in the NN22U treated 
group (6.2±0.6 mg vs 9.0±0.6, P<0.007) and the BrdU index of b-cells was similarly lower 
in this group (0.13±0.04% vs 0.4610.07%, P<0.005). 

Conclusions: NN2211 ameliorated glycaemia and potentiated insulin secretion during 
OGTT in young pre-diabetic ZDF after 13 days of dosing. The basal levels of insulin and 
triglyceride were lower after NN2211, and body-weight gain was markedly reduced. 
However, the b-cell mass was lower than in the vehicle group, indicating that the powerful 
effects of NN2211 on insulin, triglycerides and body-weight were sufficient to control 
blood glucose resulting in a lesser need for an increased b-cell mass. Therefore NN2211 
could be a promising drug for treatment of type 2 diabetic patients. 
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NNC25-2504, A Potent Glucagon Receptor Antagonist 

L. Bjerre Knudsen, C. L. Brand, P. Madsen, U. G. Sidelmann, A. Ling, K.Teston and 
J. Lau. Dept of Molecular Pharmacology, Novo Nordisk, MaaJoev, Denmark. 
Background and Aims: Increased hepatic glucose output is of major importance for the 
continued hyperglycaemia in type 2 diabetes, and glucagon antagonists have been 
discussed as a possible new therapy for years. In the absence of orally available 
compounds, intravenous administration of monoclonal antibodies against glucagon has 
been used successfully to validate the concept Non-peptide glucagon antagonists have 
been reported, and one compound has also been in the clinic, but presently, no glucagon 
receptor antagonists seem to be in clinical trials. NNC25-2504 has an affinity for the 
cloned human glucagon receptor of 2.3 ± 0.6 nM (IC50). It has been shown that the 
compound has an acceptable kinetic profile, and dial it can prevent glucagon induced 
typerglycaemia in rats. We have observed large variations in the glucagon receptor 
binding affinity of non-peptide glucagon antagonists among different species, representing 
a problem when testing the compounds in different animal models. We have addressed the 
species differences using isolated liver plasma membranes. Materials and Methods: 
Livers were isolated from rats, mice, pigs, dogs and rabbits and plasma membranes were 
prepared The human receptor was analyzed using plasma membranes from BILK cells 
expressing the receptor. Competition receptor binding assays and adenylate cyclase 
experiments were carried out using standard techniques. Results: The affinity (IC50) for 
the rat receptor was 0.43 ± 0.099 nM, the mouse receptor 0.51 ± 0.057 nM, the pig 
receptor 0.68 ± 0.11 nM, the dog receptor 1.1 ± 0.16 nM and the rabbit receptor 23 ± 6.7 
nM. This compound was then characterized by a retained potency for most species, except 
the rabbit receptor. Thus, rabbits should be avoided as animal model for this type of 
compounds. When tested for its ability to antagonize the effect of glucagon on the cloned 
human receptor, the antagonist dose-dependently right-shifted the glucagon dose-response 
curve, but also lowered the maximal response thus behaving as a non-competitive 
antagonist The KB was calculated to be 0.76 ± 0.18 nM. At die isolated rat liver receptor 
only the maximal response was lowered, NNC25-2504 behaving as a true non-competitive 
antagonist The antagonist was selective for the glucagon receptor compared to the closely 
related GLP-1 receptor (IC50 406 ± 69 nM). In the presence of 2.5% albumin, the affinity 
for the human glucagon receptor was decreased to 69 ± 28 nM. 

Conclusions: NNC25-2504 is a potent glucagon receptor antagonist that can be used for 
further validation of the concept of glucagon antagonism and maybe useful for the 
treatment of hyperglycemia in type 2 diabetes. 
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Bed-time administration’ of a NN2211, a long-acting GLP-1 derivative, results in 

A SUBSTANTIAL REDUCTION IN FASTING AND POSTPRANDIAL GLYCAEMIA IN TYPE 2 DIABETES 
C.B. Juhl, M. Hollingdal, N. Porksen, J. Sturis, G. Jakobsen and O. Schmitz, Medical 
Dept. M, Arhus University Hospital and Novo Nordisk A/S, Denmark 
■Background and Aim: GLP-1 is a potent glucose-lowering agent of potential 
interest for the treatment of type 2 diabetes. The aim of this project was to evaluate 
the glucose lowering action of NN2211, a GLP-1 derivative, in type 2 diabetes. 
Materials and Methods: 11 patients with type 2 diabetes mellitus, age 59±7years 
(mean+SD), BMI 28.9±3.0kg/m 2 , HbAlc 6.5±0.6% were examined in a double 
blind, placebo-controlled crossover design. A single sc. injection (lOpg/kg) of 
NN2211 was administered at 11pm and profiles of circulating insulin, c-peptide, 
glucose and glucagon were obtained. A standardized mixed meal was served at 
11.30am. Efficacy analyses were performed for the fasting (7-8am) and mealtime 
(11.30am - 3.30pm) periods. Glucose pulse entrainment (6mg/kg/min/10minutes, 
9.30-10.30am) was evaluated by one-minute insulin samplings. Statistical analyses 
were performed by ANOVA. 


Results 

NN2211 

Placebo 


Fasting values 

plasma glucose (mM) 

6.9±1.0 

8.1±1.0 

t 

insulin secretory rate (pmol/min) 

179±70 

163±66 

t 

glucagon (pg/ml) 

66±12 

69±16 


Meal related A UCi uo-jsjo 

plasma glucose (mmol/L4h) 

7.7±0.6 

10.0±1.8 

t 

insulin secretory rate (nmol) 

118±32 

106±27 

glucagon (pg/mI4h) 

67±16 

7 !±15 

t 

gastric emptying, 3-OMG (mg/dl4h) 

!00±21 

II0+I8 

t 

Glucose pulse entrainment 

spectral power 

7.3±3.9 

4.9±2.3 

§ 

autocorrelation coefficient 

0.16±0.13 

0.il±0.I7 



J p<0.01, | p<0.05, § p<0.1,3-OMG = 3-ortho methyl glucose 


A favourable pharmacokinetic profile suitable for once daily dosing (t*=I0.0±3.5h, 
tmax^lS^+l^h) was found. Conclusion: NN2211 effectively reduces fasting as well 
as meal-related plasma glucose by modifying insulin secretion, suppressing glucagon 
secretion and delaying gastric emptying. 
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NN22U, A LONG-ACTING GLP-t DERIVATIVE, DECREASES BLOOD 
GLUCOSE AND STIMULATES p-CELL PROLIFERATION IN DB/DB MICE 
M.O. Larsen, C.F. Gotfredsen, B. Rglin, M. VVilken, and L. Bjerre Knudsen. Novo 
Nordisk A/S, B3gsvaerd, Denmark 

Background and aims: NN2211 is a long-acting derivative of GLP-1 with kinetics 
suitable for once daily administration to humans. The present study compares the 
efficacy of NN221! and exendin-4 (ex-4), a shorter acting GLP-1 analogue, on 
blood glucose (BG) and p-cell proliferation and mass in db/db mice, an animal 
model of type 2 diabetes. Materials and methods: 30 female diabetic db/db mice, 
13 weeks old, received 200 pg/kg NN22II, 100 pg/kg ex-4, or vehicle s.c. twice 
daily (n=10). The ex-4 dose was slightly higher than the reported maximally 
effective dose in db/db mice. Both compounds were dosed twice daily because of 
more rapid metabolism in rodents. The 24-hour BG profile was measured in non- 
fasting mice on day 1,8 and 15. On day 16 mice were given BrdU (100 mglcg i.p.) 
before sacrifice, p-cell proliferation rate was estimated from incorporation of BrdU. 
P-cell mass was estimated stereologically. Results: Both NN221 and ex-4 lowered 
AUC BG on day I and 15, but only NN221 had significant effects on day 8 (Table 
l). The effect of NN2211 was more marked than ex-4 on day 1 and 8. p cell 
proliferation rate increased from 0.42 ± 0.05% in vehicle to 1.27 A 0.16% (P<0.001 
vs. veh., P<0.01 vs. ex-4) and 0.68 A 0.11% (P<0.05 vs. veh.), in NN221I and ex-4 
groups respectively, p cell mass increased from 5.20 ± 0.66 mg to 8.54 ± 0.61 mg 
(P<0.01 vs. veh., ns vs. ex-4) and 6.70 ± 0.96 mg (ns vs. veh.) in the NN2211 and 
ex-4 groups, respectively. Conclusions: NN2211 has a longer lasting blood glucose 
lowering effect than ex-4 following a twice-daily dosing schedule and increases p- 
cell mass by stimulating proliferation rate to a greater extent than ex-4 in the 
diabetic db/db mouse. This can be explained by the longer half-life of NN2211. 
Assuming that these data are predictive of clinical efficacy, NN2211 is a promising 
candidate for once daily treatment of type 2 diabetes 


Table 1: Mean 24-hour AUC BG (mmol*hour)(data: M ean ± SEM) 

Day of dosing _ Vehicle _ NN2211 _ Exendin^i 

1 389 ±16 193 ±24*’* 233±20‘ 


8 415 ±11 278±28*’ 332±22 

15 467 ± 17 373 ±24’ 366 ±18° 

: Level of significance by Kruskal-Wallis test compared to vehicle 


Effect of the long-acting GLP-1 derivative NN2211 ui 60 % pancreatectomized rats 

J. Rnmer, E. B exitsen, J. Damgaard, B. Jorgensen, K.E. Pedersen, P. Rothe, L. B. Knudsen, 

K. Wassermann, U. RibeL Health Care Discovery, Novo Nordisk A/S, Copenhagen, 
Denmark. 

Background and Aims: NN22U is along-acting, metabolically stable.GLP-1 derivative 
designed for once-daily administration. In addition to its other effects, GLP-1 may have a 
direct effect on the beta-cell mass. We have therefore investigated die effect of NN2211, 
in 60 % pancreatectomized rats. Materials and Methods: Male Sprague-Davdey rats (100 
g) were subjected to 60 % pancreatectomy and allowed to recuperate for 4 days. Based on 
an OGTT at day 4 die rats were divided in three matched groups (n=8) and were injected 
s c. twice daily with a) NN2211 (150 mg/kg/day), b) vehicle and pair-fed or c) vehicle 
from day 4 to day 8. At day 8 a second OGTT was performed. BrdU (100 mg/kg, ip.) was 
administered 4 hours before sacrifice. Remnant and regenerated pancreas was removed 
from rats treated with two doses of NN2211 (100 or 150 microg/kg/day) or vehicle, and 
the tissue was immunostained for insulin and BrdU. Results: NN2211 treatment resulted 
in a significantly lowered area under the curve (deItaAUC0-120 min) in the OGTT at day 
8 compared with both the pair-fed and vehicle treated groups. The deltaAUC0-120 min in 
the pair-fed vehicle-treated group was significantly higher than the NN2211 group and 
significantly lower than the vehicle treated group. Consequently the blood glucose 
lowering effect of NN2211 in the pancreatectomized rats is partly independent of the food- 
intake lowering effect of NN2211. Immunohistochemical staining for insulin points to an 
increase in beta-cell mass in the remnant pancreas of NN2211 treated animals, as 
evidenced by many considerably enlarged islets in this area. A semi-quantitative 
measurement revealed an approximately two-fold increase of the total beta-cell area in the 
NN2211-treated animals. There was no visible difference in the size of islets located in the 
regenerated area between the vehicle and NN22U treated groups. Immunostaining for 
BrdU revealed a marked proliferation mainly in exocrine cells located at the border of the 
regeneration zones in both vehicle and NN2211-treated animals. At this timepoint (9 days 
after pancreatectomy) there was no effect of NN2211 -treatment on the proliferative index 
in islets or in any other areas of remnant or regenerating pancreas. Conclusions: NN2211 
lowers blood glucose after an oral glucose-load in 60% pancreatectomized rats, apparently 
due to an increase in the total beta-cell mass. The mechanism behind the increased beta¬ 
cell mass seen after NN22U-treatment appears to be proliferation or anti-apoptosis in the 
remnant islets rather than accelerated neogencsis in the zone of regeneration. 
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GLP-1 EFFECT ON GLUCOSE TRANSPORT IN MYOCYTES FROM 
NORMAL AND TYPE 2 DIABETIC PATIENTS. 

N. Gonzdlez, A. Martin-Duce, O. Lozano, M.V. Trigo, I. Valverde and M L. 
Villanueva-Pefiacarrillo. Fundacion Jimdnez Diaz and Hospital Principe de 
Asturias, Madrid, Spain. 

Background and Aims: In rat and human myocytes, GLP-1 stimulates glycogen 
synthesis; in the skeletal muscle, GLP-1 was also shown to increase glucose 
transport in pieces of mouse tissue, and when infused in diabetic rats. In this 
work, we have studied, in primary cultured myocytes from normal and Type 2 
diabetic patients, the action of GLP-1, and that of Ex-4 and Ex 9-39 (Ex-9) -both 
agonist of GLP-1 actions in L6 myoblast and 3T3-LI adipocytes-, on glucose 
transport (GT), and that of GLP-1 on glycogen synthesis (Gly), compared with 
insulin. Materials and Methods: Myotubes were established from satellite cells 
of dissociated vastus lateralis , from 7 Type 2 diabetic patients (6F/2M; age: 81 ±2 
yr; fasting plasma glucose: 240±24 mg/dl) and 2F normal subjects (age: 83±4 yr; 
fasting plasma glucose: 132*8 mg'dl), previous informed consent given, 
undergoing surgery; GT and Gly were measured in the absence (control) and 
presence of the peptides. Results: In normal subjects, 10'*M GLP-1 increased GT 
[48±13%A of control (11.1*1.1 pmol/2xl0 4 cells in 5 min, n=4), n=4, p<0.05], 
although in a lower magnitude (p<0.05) than that induced by 10 *M insulin 
(I42±31%A, n=6, p<0.01); when insulin was tested in combination with GLP-1, 
no further increase was detected; 10**M Ex-4 (62*12%A, n=6) and I0"*M Ex-9 
(94* 18% A, n=5) both produced a similar increment (p<0.02 and p<0.01, 
respectively) to that exerted by GLP-1. In Type 2 diabetics, while 10'*M insulin 
apparently failed to affect GT, 10 4 M GLP-1 [96±20%A of control (8.4*1.6 
pmol/2xl0 4 cells, n=7), n=4, p<0.05J, I0‘ f M Ex-4 (90±27%A, n=6) and 10'*M 
Ex-9 (78±28%A, n"6), significantly (p<0.05 or lower) increased GT, to the same 
extend as in normal subjects; the respective increments on Gly by 10‘ ,o M insulin 
[14±2%A of control (10.5*0.9 nmol/mg, n=5), n=5, p<0.02] or I0' 9 M (19±3%A, 
n=5, p<0.05), and by 10' ,o M GLP-1 (18±2%A, n=5, p<0.02) or 10‘ 9 M (24*4%A, 
n=5, p<0.05), were reduced (p<0.05 or lower) respect those previously observed 
in normal subjects. Conclusions: GLP-1 equally increases GT in myocytes from 
normal as well as from Type 2 diabetic subjects, supporting its proposed 
therapeutic use. The similar increasing action of both exendins on GT reinforces 
the view of a muscle GLP-1 receptor different from the pancreatic one. 
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Exendin-4 Injections: Ameliorated Progression of Fasting Hyperglycemia, 
Elevation of Fructosamine HbAlc* Total Cholesterol and Increased C-peptide 
Level in Prediabetic Zucker Diabetic Fatty Rats 

B. Gedulin, P. Smith, A. Young, Amylin Pharmaceuticals Inc, San Diego, CA 

Background and Aims: Exendin-4 (AC2993), a 39 amino acid peptide, is reported to 
have a number of antidiabetic actions that include glucose-dependent stimulation of 
insulin secretion, modulation of nutrient assimilation and inhibition of glucagon 
secretion. Diabetes is commonly associated with various lipid disorders, which may 
be primary or secondary to diabetes. The purpose of the present study was to evaluate 
the effect of exendin-4 injections on the progression of diabetes in prediabetic Zucker 
diabetic fatty (ZDF) rats. 

Materials and Methods: Beginning at age 7 weeks, rats were injected twice daily for 
8 further weeks with saline (n=6), twice daily with Ipg exendin-4 (n=7), or once daily 
with lpg exendin-4 (n=4). Fasting plasma glucose, fructosamine, HbAlc, total 
cholesterol concentrations were measured from tail blood samples every 2 weeks and 
C-peptide level after 8 weeks of studies. 

Results: In saline-treated control rats, fasting plasma glucose increased by 
278.8%* 10.5% over 8 weeks, HbAlc by 6.2*0.46 percent units, fructosamine from 
147.3*1.2 pmol/L to 226.6A6.5pmol/L, and plasma total cholesterol from 106.2 
±4.6mg/dL to 226.8*31.4 mg/dL. In contrast, rats injected twice daily with exendin-4 
showed increase in fasting glucose of 72.4% * 8.5% of pretreaiment values (P<0.001 
vs control), and an increase in HbAlc of 1.01 ± 0.32 percent units (P<0.001 vs 
control), no increase in plasma fructosamine level 149.1 * 1.3pmoI/L vs 149.3*6.13 
pmol/L (P<0.001 for increment vs control), and a lesser increase in fasting total 
cholesterol (from 109.6 A 3.5 to 163.3 * 5.4mg/L) than did saline controls (P<0.001). 
Reduction in these measures of diabetes progression was intermediate between these 
responses with once daily exendin-4 injections. Respective C-pcptide levels after 8 
weeks, for saline, once daily and twice daily treatment were 688.5*80.2, 
1586.1*205.6,2983.4*541.5 pM(P<0.001,P<0.001 vs saline controls) 

Conclusions: In this ZDF rat model of type 2 diabetes, exendin - 4 reduced measures 
of progression of diabetes and ameliorated the associated hypercholesterolemia. 
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Continuous Infusion of Exendin-4 Lowered HbAlc at Least as Effectively as 
Twice Daily Injections in Diabetic Fatty Zucker (ZDF) Rats. 

S. Bhavsar, C. Jodka, P. Smith, B. Gedufin, A. Young, Amylin Pharmaceuticals Inc, 
San Diego, CA 

Background and Aims: In previously reported studies done in Diabetic Fatty Zucker 
(ZDF) rats, daily peripheral injections of synthetic ex end in-4 (AC2993) lowered 
hemoglobin Ale (HbAlc). In rats, HbAlc is a useful index of blood glucose averaged 
over —4 weeks. Some hormones are only fully effective if delivered in a pulsatile 
manner. The purpose of the present study was to compare the effect on HbAlc of 
continuous infusion of exendin-4 versus the same dose delivered by twice daily 
injection, and thus determine if continuously present exendm^4 was associated with a 
diminished glycemic effect. 

Materials and Methods: Three groups of animals (n=5/group) were each implanted 
with Alza pumps (delivering 60pL/24 hours) and were injected i.p. twice daily 
(30pL/injection). Control animals (CONT) received vehicle by pump and i.p. 
injection; continuous infusion (INF) animals received exendin-4 via Alza pumps 
(18jjg/60jiL/24 hours) and vehicle via twice daily i.p. injections; the pulsatile 
injection (INJ) group received the same dose via two 9pg/30pL/injections each day 
for 28 days. HbAlc was measured weekly. 

Results: Entry HbAlc of the 3 treament groups were indistinguishable (range 9.30- 
9.38%; ns). After 28 days of treatment, HbAlc had fallen from 9.3240.46 to 
8.70±0.33% in CONT (n.s ), from 9.3040.37 to 7.7440.63 in INJ (P=0.07), and from 
9.38±0.4I to 5.6440.76% in INF (P=0.003). Thus, after 28 days of treatment, the 
mean decrement in HbAlc of the INT group (3.7440.48) was greater than that of the 
INJ group (1.5640.93, P=O.07). 

Conclusions: Continuous infusion of exendin-4 was effective in lowering HbAlc in 
ZDF rats, and this effect was at least as great as that of the same dose given as a 
twice-daily injection. Thus, in this experimental model of type 2 diabetes, hormonal 
action of exendin-4 w as not diminished by its continual presence. 
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LIPOLYTIC EFFECT OF GLP-I IN ISOLATED ADIPOCYTES FROM 
MORBIDLY OBESE SUBJECTS. 

M. V. Trigo, N. Gonzalez, A. Martin-Duce, O. Lozano, J. Puente, M. L. 
Villanueva-Peflacarrillo and I. Valverde. Fundacidn Jimenez Diaz and Hospital 
Principe de Asturias, Madrid, Spain. 

Background and Aims: GLP-1, at doses higher than 10 IO M, exerts in rat and 
normal human adipocytes a concentration-related lipolytic effect. In this work, we 
have studied the effect of 10' 9 M GLP-1 on lipolysis, in isolated adipocytes from 
morbidly obese patients, as well as that of glucagon and insulin. Materials and 
Methods: Adipocytes were isolated by enzymatic digestion from subcutaneous 
fat tissue, obtained, previous informed consent given, from six morbidly obese 
female patients undergoing bariatric surgery (age: 48±2 yr; BMI: 54±3 kg/m 2 ; 
fasting pbsma glucose: 115±14 mg/dl; cholesterol: 202±I6 mg/di;triglycerides: 
146+20 mg/dl; HDL: 4341 mg/dl). Lipolysis was measured as the glycerol 
released by 10 5 cells, incubated for two hours in the absence (control) and 
presence of 10' 9 M GLP-1 or glucagon, and without or with 10' 9 M insulin. Data 
are presented as mean4SEM; the statistical significance of difference between 
mean values was assessed by Student’s /-test. Results: In obese patients, 10' 9 M 
GLP-1 induced a highly significant increase in glycerol release [83±I0%A of 
control (I7.4±L5 nmol/ 10 5 cell), n=6, p<0.001], which was of the same 
magnitude as that induced by 10' 9 M glucagon (89±7%A, n=6, p<0.001), being 
both higher (p<0.05 or lower) than that previously observed in five normal 
individuals of similar age (43±14%A and 45412%A, respectively); 10‘ 9 M insulin 
significantly decreased the lipolysis control value (-38±7%A, n=5, p<0.01), and 
also abolished the stimulus induced by either GLP-1 (-32±7%A, n=5,p<0.01, and 
p<0.001 vs GLP-1) or glucagon (-40±7%A, n=5, p<0.01, and p<0.001 vs 
glucagon). Conclusions: In isolated adipocytes from morbidly obese patients, 
GLP-1, at 10‘ 9 M, produced a lipolytic effect, similar to that of the equimolar dose 
of glucagon, and apparently higher than in those from normal subjects. The effect 
of both peptides was abolished by the simultaneous presence of the equimolar 
dose of insulin. 
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EXENDIN-411-39] INCREASES INSULIN-MEDIATED GLUCOSE 
UPTAKE IN L6 & 3T3 CELLS VIA A PI-3-KINASE-DEPENDENT 
MECHANISM 

I IDRIS, D PATIAG, S GRAY, and R DONNELLY Division of Vascular 
Medicine, University of Nottingham, and J. O’Neill Diabetes Centre, 
Southern Derbyshire Acute Hospitals Trust 

Background and Aims: The primary antidiabetic mechanism of glucagon¬ 
like peptide-1 (GLP-1) and its long-acting analogue, exendin-4[l-39], 
involves stimulation of pancreatic insulin secretion, but additional metabolic 
effects have not been fully investigated. 

Methods: The effects of exendin-4 on insulin-stimulated 2- 3 H]deoxyglucose 
(2DOG) uptake were examined in fully differentiated L6 myotubes and 3T3- 
adipocytes. Cells were incubated with insulin IOOnM and varying 
concentrations of exendin-4 (I-I00nM) or GLP-1, and separate co¬ 
incubations with wortmannin IOOnM (a PI-3-kinase inhibitor) and PD098059 
(a MAP-kinase inhibitor) were performed. 

Results: In L6 myotubes, both GLP-1 and exendin-4 significantly augmented 
insulin-stimulated glucose uptake: eg, uptake was 100% (basal) vs 126% 
(insulin) and 171% (insulin + GLP-1), p<0.0001; and correspondingly 100% 
(basal) vs 110% (insulin) and 134% (insulin + exendin-4), p<0.05. The 
insulin-sensitizing effect of exendin-4 was abolished by wortmannin and 
PD098059. In contrast, GLP-1 had no effect on 2DOG uptake in 3T3- 
adipocytes, whereas exendin-4 enhanced insulin sensitivity via a pathway 
inhibited by wortmannin but not by PD098059. 

Conclusions: Thus, GLP-1 increases insulin sensitivity in L6 myotubes, but 
not 3T3-adipocytcs, whereas exendin-4 enhances insulin-stimulated glucose 
uptake in both cell types. The insulin-sensitizing effects of these incrctin 
molecules are PI-3-kinasc-depcndent. 
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Recombinant glucagon-like peptide-1 lowers fasting plasma glucose in a broad 
spectrum of type 2 diabetics 

M.R. Ehlers, H D. Kay, R.E. Harley and L. Klaff. BioNebraska, Inc., Lincoln, NE, 
and Rainier Clinical Research Center, Renton, WA, United States 

Background and Aims: Glucagon-like peptide-1 (7-36)amide (GLP-1) has great 
promise as a novel therapeutic for type 2 diabetes. Clinical development of the 
natural peptide has been hampered, however, by its high cost and the lack of a 
clinically useful formulation and delivery system. We administered recombinant 
GLP-1 (rGLP-1) subcutaneously (sc) to 40 type 2 diabetics in a double-blind, 
placebo-controlled, cross-over trial, in which we evaluated the efficacy of injection 
versus infusion and the response of early- to late-stage patients. 

Materials and Methods: Four groups of 10 patients were recruited: (1) diet, (2) 
sulfonylurea (SU), (3) metformin (MET), and (4) insulin; pre-existing treatment was 
not withdrawn. Prior to randomization, all patients received two sequential bolus 
injections of rGLP-1 (1.5 nmol/kg) 2 hours apart after a standard meal, and w ere 
followed for 4 hours. After the test day, each patient received several doses of rCLP- 
1 in random order by two routes: (a) injection phase: 2 injections (0, 0.5, 1.0, 1.5 
nmol/kg/injection) after the evening meal; (b) infusion phase: continuous sc infusion 
of rGLP-1 (0, 1.5, 2.5, 3.5, 4.5 pmol/kg/min) for 12 hours overnight starting after the 
evening meal. 

Results: During the test day, all patients, including the insulin cohort, showed 
increased insulin and decreased glucagon levels and concomitant reductions in plasma 
glucose levels following the rGLP-1 injections. The diet, SU, and MET cohorts 
showed modest (15 mg/dL) reductions in fasting plasma glucose (FPG) levels 
(p<0.05) during the injection phase, and dose-dependent reductions in FPG (up to 44 
mg/dL, p<0.001) during the infusion phase. The insulin cohort showed a significant 
reduction in FPG (29 mg/dL, p=0.004) at the highest infusion dose. rGLP-1 also 
dose-dependently reduced fasting plasma glucagon (p<0.05) and increased fasting 
plasma insulin (p<0.03) levels. No serious or unexpected adverse events were 
recorded; there was one case of biochemical hypoglycemia (44 mg/dL). Gl-related 
symptoms were dose-related and 81% associated with injections. 

Conclusions: We conclude that rGLP-1 effectively and dose-dependently lowers FPG 
in a broad spectrum of type 2 diabetic patients when administered by continuous sc 
infusion. 
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Prevention of restenosis after balloon injury of carotid artery by troglitazone in 
OLETF rats 

M-K. Lee, K. M. Min, S. W. Park, D. K. Kira, M-S. Lee, K-W Kira Division of 
Endocrinology & Metabolism, Department of Medicine, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea 

Background and Aims: Thiazolidinediones (TZD) are a new class of antidiabetic agents 
which act through binding to a nuclear receptor peroxisome proliferator- activated 
receptor-r (PPAR-r). PPAR-r has been known to be involved in chronic inflammation and 
atherosclerosis. Most of the actions of PPAR-r are preventive but it also facilitated the 
uptake of cholesterol by scavenger receptors and promoted the foam cell formation. We 
performed this study to investigate the effects of PPAR-r ligand, TGZ, on the restenosis 
after balloon injury of carotid artery in Otsuke Long-Evans Tokushima Fatty (OLETF) 
rats, a type 2 diabetic animal model. 

Materials and Methods: Male OLETF rats (n=20) were divided into 2 groups. Group 1 
(n=I0) was fed with normal rodent chow and group 2 (n=10) was fed with TGZ as 0.15% 
food admixture ad libitum from 16 w eeks of age. 1 week later, balloon injuries w ere made 
to left carotid arteries of 2 groups of rats and 2 weeks after ballon injury, animals were 
sacrificed after taking blood samples and Doppler ultrasonography. Histomorphometry of 
the carotid arteries was done after H & E staining. 

Results: Fasting plasma glucose level was not significantly different between 2 groups 
(23.6 +- 2.3 vs 24.5 +- 2.8 mmoI/L). Plasma insulin level was significantly higher in group 
1 compared to group 2 (1.9 -f- 0.3 vs 1.3 +- 0.3 ng ml, p<0.05). Plasma total cholesterol 
level was higher in group 1 compared to group 2 (198 +- 29 vs 97 +- 32 mg/dl, p<0.0001) 
and so was triglyceride level (210 +- 32 vs 87 +- 29 mg/dl, p<0.0001). Blood flow 
velocity measured by Doppler echocardiography was significantly decreased in left carotid 
arteries of group 1 compared to that of group 2 (0.65 +- 0.08 vs 0.91 +- 0.09 m/sec, 
p^O.OOO-1). Neointimai area of left carotid arteries measured by histomorphometry was 
significantly decreased in group 2 compared to group 1 (0.19 +- 0.02 vs 0.13 +- 0.02 mm2, 
p=0.002). Neointima/media ratio was also significantly decreased in group 2 compared to 
group 1 (1.7 +- 0.2 vs 1.2 +- 0.2, p=0.0004) TGZ, when directly incubated with rat 
vascular smooth muscle cells in vitro, significantly decreased insulin-stimulated 
proliferation at concentrations of 10 and 20 ug/ml (p<0.05 vs 100 ng/ml insulin 
stimulation). 

Conclusions: These results suggest that PPAR-r ligands might prevent the restenosis after 
balloon injury of carotid arteries in type 2 diabetic animal models. 
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ROSIGLITAZONE REDUCES MYOCARDIAL INFARCTION AND 
IMPROVES CONTRACTILE DYSFUNCTION IN AN IN VIVO RAT 
ISCHAEMIA/REPERFUSION INJURY MODEL 

T-L. Yue, J. Chen, W. Bao, P.G. Lysko, W. Jiang, J-L. Gu, A. Bril, and E.H. Ohlstein. 
SmithKline Beecham, King of Prussia, PA, USA 

Background and Aims: Diabetes is associated with increased risk of mortality as a 
consequence of acute myocardial infarction. This study determined whether 
rosiglitazone (RSG), a new thiazolidinedione antidiabetic agent, could reduce 
myocardial infarction after ischaemia/reperfusion injury. 

Materials and Methods: Male Lewis rats were anaesthetised, and the left anterior 
descending coronary artery ligated for 30 minutes. Following reperfusion for 24 
hours, the ischaemic and infarct sizes were determined. 

Results: RSG at 1 and 3 mg/kg given intravenously, half the dosage prior to 
ischaemia and half following reperfusion, reduced infarct size by 30% and 37%, 
respectively (p<0.01 vs vehicle). Pretreatment with RSG (3 mg/kg/day) orally for 7 
days also reduced infarct size by 24% (/K0.01). RSG also improved 
ischaemia/reperfusion-induced myocardial contractile dysfunction. Left ventricular 
(LV) systolic pressure, and positive and negative maximal values of the first 
derivative of LV pressure (+dp/dt and -dp/dt) were significantly improved in RSG- 
treated rats. RSG reduced the accumulation of neutrophils and macrophages in the 
ischaemic heart by 40% and 43%, respectively (/K0.01) Ischaemia/reperfusion 
induced upregulation of CDllb/CD18 and downregulation of L-selectin on 
neutrophils and monocytes; these effects were significantly attenuated in RSG-treated 
animals. Likewise, intercellular adhesion molecule-1 expression in ischaemic hearts 
was markedly diminished by RSG, as was the ischaemia/reperfusion-stimulated 
upregulation of monocyte chemoattractant protein-1. 

Conclusions: The present study suggests that the cardioprotective effect of RSG 
might be due to inhibition of the inflammatory response. The cardioprotective effect 
of RSG would benefit the diabetic patients for whom myocardial dysfunction is a 
common life-threatening complication. 
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Rosiglitazone prevents ischaemic injury in the obese Zocker rat heart 

R. J. SIDELL, M. A. COLE, N. J. DRAPER, K. CLARKE and R. BUCKINGHAM. 

Dept Biochemistry, University of Oxford, UK and Glaxo Smithkline, Harlow, UK. 

Background and Aims: Type II diabetic patients have higher mortality than non¬ 
diabetics post myocardial infarction. Rosiglitazone (RSG) is a PPARg activator that 
decreases plasma fatty acid concentrations and improves tissue insulin sensitivity. As 
high fatty acids increase ischaemic injury, we hypothesized that RSG would be 
cardioprotective in obese Zucker (OZ) rat, a highly dyslipidemic animal model. 
Materials and methods: Lean Zucker (LZ) and OZ rats (12 mo) were treated for 7- 
14 d with RSG 3 mg/kg p.o. or vehicle (n = 7 per group). Hearts were perfused ex 
vivo with buffer (11 m\l glucose) and subjected to low-flow ischaemia (0.5 
ml/min/gww) followed by reperfusion. 3H-gIucose was used as a tracer of glucose 
utilization during ischaemia and 3IP NMR spectroscopy was used to follow 
myocardial pH and energetics. Total GLUT-4 heart content was determined by 
Western blotting. 

Results: Initial contractile function was the same for all hearts. At reperfusion, the 
final recovery of control OZ hearts w as (mean ± SEM) 52 ± 10% of initial contractile 
function, significantly lower than RSG-treated OZ hearts (81 ± 7%; p < 0.05) or LZ 
controls. LZ hearts were unaffected by RSG. The reduced recovery of OZ hearts was 
associated with fibrillation (86% vs 0% in LZ hearts). RSG feeding reduced the 
incidence of fibrillation in OZ hearts (26%). Glucose uptake during ischaemia was 
lower in control OZ hearts than control LZ hearts (11.6 ± 0.7 vs 14.7 ± 0.3 mmol; p < 
0.05), but was normalized by RSG (14.S±0.7mmol). Total GLUT-4 content in OZ 
hearts was 30 ± 11% lower than in LZ hearts, and was restored by RSG treatment. 
Loss of cytosolic ATP during ischaemia was greater in control OZ hearts (-0.11 ± 
0.02 mmol/gww/min) than RSG-OZ hearts (-003 ± 0.06 mmol/gww/min; p < 0.05), 
leading to a 50% lower end-ischaemic ATP. End-ischaemic pHi was also significantly 
lower in control than in RSG-treated OZ hearts (6.31 ± 0.06 vs 6.63 ± 0.09, p<0.05). 
Conclusions: RSG prevented the increased ischaemic injury seen in OZ hearts, 
probably by normalizing glucose uptake during ischaemia and thereby increasing 
glycolytic ATP production, limiting ATP loss and fall in pHi. This work indicates that 
PPARg may have cardioprotective properties for the OZ rat heart and a potentially 
important effect of RSG. 


COMPARATIVE EFFECTS OF THIAZOLIDINEDIONES ON PLASMA 
GLUCOSE AND TRIGLYCERIDES IN A MOUSE MODEL OF DIABETES 
S. Ishii, H. Tanaka and M. Shiraishi, Mitsubishi-Tokyo Pharmaceuticals, Inc. 
Background and Aims: The effects of the PPARct/y modulator RWJ 241947/MCC- 
555, troglitazone, pioglitazone, and rosiglitazone on plasma glucose, triglycerides 
(TG), and HbAj e were compared. Materials and Methods: Drugs were administered 
orally for 8 weeks to db/db mice, a model of type 2 diabetes. Results: At the highest 
dose, RWJ241947, a novel insulin sensitizer with modulatory activity at PPARa and 
PPARy, decreased plasma glucose and TG in a time- and dose-dependent manner, to 
about the level of db/+ mice. Troglitazone lowered glucose but the effect was not 
significant or dose dependent Pioglitazone decreased glucose significantly. 
Rosiglitazone lowered glucose and TG significantly. RWJ241947 reduced HbAj c in a 
dose-dependent manner, and the decreases were significant at 10 and 30 mg/kg 
(p<0.01). Rosiglitazone also lowered HbA lc significantly (p<0.01). Troglitazone and 
pioglitazone did not decrease HbA (c significantly. 


Weight gain (g) 

Glucose (me/dL) 

TO fma/dl.) 

db/+ 

4.8 

207.4 

136.2 

db/db control 

3.9 

754.6 

280.5 

RWJ241947 1 mg/kg/d 

2.7 

711.3 

310.6 

RWJ241947 3 mg/kg/d 

11.4 

565.1 

170.5 

RWJ241947 10 mg/kg/d 

18.3** 

487.3* 

117.7 

RWJ241947 30 mg/kg/d 

28.1** 

175.5** 

89.4* 

Troglitazone 200 mg/kg/d 

11.0 

607.7 

115.6 

Troglitazone 400 mg/kg/d 

11.3 

631.1 

123.7 

Pioglitazone 30 mg/kg/d 

15.4** 

552.1* 

148.5 

Rosiglitazone 30 mg/kg/d 

24.5** 

231.9** 

48.4** 


* p<0.05; ** p<0.01 versus db/db control 

Conclusions: The PPARa and PPARy modulator, RWJ241947, at 30 mg/kg/d, and 
rosiglitazone 30 mg/kg/d effectively lowered plasma glucose and TG. 
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RAPID REVERSAL OF HEPATIC STEATOSIS BY ROSIGLITAZONE 

RE. Buckingham, J. Birmingham, P. O'Brien. J. Osborne, C.N. Toseland, P. Overend, 
N. Saced, K. Changani and P. Hockings. SmithKIine Beecham, Welwyn, UK. 

Background and Aims: Obesity with or without Type 2 diabetes is frequently 
associated with hepatic steatosis, which may pre-dispose to serious liver injury. 
Rosiglitazone (RSG) reduces hepatic steatosis in humans, though the time to onset is 
unknown. 

Materials and Methods: Zucker fatty (ZF) rats (fafa), aged 12 weeks (w=8/group), 
were given RSG (3 mg/kg/day p. o.) (ZF-RSG) or placebo^ZF-CON) for 13 weeks at 
matched levels of food intake, and repeat proton-magnetic resonance spectroscopy 
was used to monitor time to, and durability of, effect on hepatic steatosis. Zucker lean 
(ZL) rats (fa'?) served as normal controls (//= 8). Plasma insulin and lipids were 
measured serially. 

Results: Very low levels of liver fat (<1%) were present in ZL rats throughout, but 
the fat:water ratio (%; mean±SD) in ZF-CON rats was persistently elevated: 10.6+3.3 
(week -1), 15.0*3.4 (week +2), 13.4+5.3 (week +4), 11.4+3.2 (week +9), 14.8+5.8 
(week +13). In ZF-RSG rats, this ratio fell from 7.8±2.2 at week -1 (p> 0.05 vs ZF- 
CON) to 3.1+1.1 (/t<0.0005 vs ZF-CON for change from week -1), 2.3+0.7 (p<0.05), 
2.7+0.8 (p>0.05) and 3.7±1.4 (p<0.01) at week +2, 4, 9 and 13, respectively. Further, 
liver volume (ml) escalated in ZF-CON rats (from 20.7+1.6 at week -1 to 24.3+1.3 at 
week +13) but fell in ZF-RSG rats (from 19.2+2.2 at week -1 to 17.8+1,3 at week 
+13; p< 0.05 vs ZF-CON for change from week -1). The RSG-mediated reductions in 
hepatic fat/volume coincided with reduced hyperinsulinaemia, but were inconsistent 
with changes in plasma lipids. For plasma insulin (mean±SD, ng/ml), ZF-CON values 
were maintained at 60.0+19.2 (week -1), 53.9+17.0 (week +4), 65.0+30.3 (week +9) 
and 59.6+16.3 (week +13). In ZF-RSG rats, plasma insulin fell from 38.8+18.7 (week 
-1) to 4.2+1.2 (week +4; /K0.05 vs ZF-CON for change from week -1), 12.8+3.9 
(week +9;/K0.05) and 7.8±2.5 (week +13; p<0.02). 

Conclusions: RSG rapidly and durably reverses hepatic steatosis and hepatomegaly 
in ZF rats. This effect occurs with improved insulinaemia but is seemingly 
independent of plasma lipids, perhaps suggesting a direct mobilising effect of RSG on 
liver fat. 
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ROSIGLITAZONE TREATMENT OF PATIENTS WITH SEVERE PRIMARY 
INSULIN RESISTANCE AND DIABETES MELLITUS HAS NO EFFECTS ON 
GLUCOSE AND LIPID METABOLISM. H. Veslcrgaard 1 , S. Lund 2 and O. Pedersen 2 , 
‘Hcrlev Hospital, University of Copcnhangen, 2 Steno Diabetes Center, Gentofte, Denmark 
Background and Alms: Rosiglitazone (Avandia) increases insulin sensitivity by reducing 
levels of p-NEFA, triglycerides (TG), glucose and insulin. Rosiglitazone treatment 
decreases insulin resistance in t)pe 2 diabetic patients, but no data exist concerning 
rosiglitazone treatment of patients with syndromes of severe insulin resistance. To 
evaluate whether byperglycaemia in two patients with primary severe insulin resistance 
and diabetes mellitus could be reduced by supplement of rosiglitazone and secondary, to 
evaluate the effects on p-NEFA, TG, Apo B, PAI-1 and insulin. Materials; Both patients 
(brothers) have known mutations in the insulin receptor (IR) gene localized to the tyrosine 
kinase domain and a deletion of exon 17 in part of their IR mRNA. Prior to the study the 
HbAio>10% in both patients for more than 12 months during treatment with regular 
insulin (BC: 35 U/kg/day; KC: 4.7 U/kg/day) and metfonnin (1500mg/day). Results: 
After 180 days of max. rosiglitazone supplement (8 mg/day), no changes were observed in 
fasting p-glucose (BC: 11.7, 13.6, 11.5 and 11.9 mM day 0, 45, 90 and 180; KC: 15 5, 
13.1,15.7 and 15.4 mM day 0,45,90 and 180) and HbA IC (BC: 10.9%, 11.2%, 10.8%, 
11.6% day 0,45,90 and 180; KC: 112%, 11.4%, 11.1%, 11.3% day 0,45, 90 and 180). 
Incremental p-glucose areas under the curves during an 75 g OGTT were unchanged (BC: 
2492,2532 and 2643 mM x 240 min, day 0,45 and 180; KC 1594,1472 and 1448 mM x 
240 min, day 0, 45 and 180). Likewise, no improvements were seen in either 1. or 2. 
phase insulin secretion during an 0.3 g/kg IVGTT. Fasting p-cholcsterol (total, LDL- and 
HDL), TG and Apo B levels were unchanged. Fasting p-NEFA increased 51% in KC 
after 90 days of treatment, and after 180 days p-NEFA was still 26% higher, when 
compared to prctreaiment levels. In BC an initial 16% decrease was seen in p-NEFA after 
90 days of treatment Plasma NEFA was increased 14% after 180 days of treatment 
when compared to pretreatment levels, but 35% when compared to day 90. Plasma PAI-1 
decreased in both patients after 45 and 90 days of treatment but the decrease was 
maintained coly in KC (47%). Conclusions: Rosiglitazone treatment, in combination with 
insulin and metfonnin, of patients with severe primary insulin resistance and diabetes 
mellitus, has no effects on glucose and lipid metabolism. Rosiglitazone may reduce the 
cardiovascular risk in the patients by reducing PAI-1. 
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Up-regulation of mitochondrial fatty 7 acid oxidation pathway after PGZ 
treatment may prevent tissue TG accumulation and improve insulin 
sensitivity in HF diet-induced IR. 

E.Sebokova, J. Ukropec, E. DemCakova and I. KlimeS, Diabetes & Nutrition 
Research, Institute of Experimental Endocrinology, Bratislava, Slovakia 
Background and Aims: Pioglitazone (PGZ), the newly approved insulin 
sensitizing thiazolidinedione, has also a hypolipidemic potential, which is 
still under investigation. The aim of this study was to analyze the possible 
mechanisms responsible for its beneficial effect on lipid metabolism in the 
high fat (HF) diet-induced insulin resistance (IR). Material and Methods: 
Male Wistar rats were fed for 21 days a HF diet (70 cal%). A half of them 
was simultaneously treated with PGZ (6 mg per kg B\V once daily by gava- 
ge). Rats fed a standard lab chow were used as control (C). Triglyceride 
(TG), non-esterified fatty acids (NEFA), glycerol and insulin levels in serum, 
and tissue TG content were determined using commercial kits. Hepatic and 
muscular p-oxidation rate and activities of the key enzymes of mitochondrial 
(carnitine palmitoyl- transferase-I /CPT-I/) and peroxisomal (/AOX/ acyl- 
CoA oxidase) fatty acid oxidation were determined radiometrically. 

Results: Feeding rats the HF diet led to hypertriglyceridemia (C: 2.0±0.2 vs. 
HF: 5.0 ±0.8 mM)and elevated liver (C:6.4± 1.1 vs. HF: 16.0±3.0 pmol.g’l) 
and skeletal muscle (C:2.4± 0.4 vs. 7.7±1.2) TG content. PGZ treatment 
normalized all blood and tissue lipids, and the in vivo insulin action (as 
assessed by euglycemic hyperinsulinemic clamp) as well. These effects were 
associated with an increase of hepatic (HF: 178±20 vs. HF+PGZ: 448±24 
pmol.mg’l.min'l, p<0.001) and skeletal muscle (HF: 130±13 vs. HF+PGZ: 
212±15, p<0.005) p-oxidation. Measurements of enzyme activities in skeletal 
muscle revealed that PGZ stimulates mitochondrial (CPT-I, HF: 450±50 vs. 
HF+PGZ: 720±110 pmol.mg'l.min‘1, p<0.05), but not the peroxisomal 
(AOX, HF: 28.314.5 vs. HF+PGZ: 24.312.4 pmo!.mg-lmin-l, p =NS) fatty 
acid oxidation. No changes in activities of CPT-I or AOX w ere found in the 
liver. Tissue lipid content correlated negatively with p-oxidation in both liver 
(r= -0.75, n=17, p<0.001) and muscle (r= -0.71, n=17, p<0.001). 
Conclusions: Our data indicates that an up-regulation of the p-oxidation 
pathway after PGZ treatment may prevent the tissue TG accumulation in the 
HF diet-induced IR. It is likely that the mitochondrial fatty acid oxidation 
could be one of the important targets for pioglitazone action. 
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ROSIGLITAZONE IMPROVES INSULIN SENSITIVITY AND 24-HOUR 
AMBULATORY BLOOD PRESSURE IN SUBJECTS WITH IGT 
S.M.A. Bennett 1 , N.P. Jones 2 , A. Agrawal 2 , H. Elasha 3 , M. Walker*, and J. 
Wilding 3 . ‘University of New castle, Newcastle-upon-Tyne, UK; 2 SmithKline 
Beecham, Harlow, UK; 3 University Hospital Aintree, Liverpool, UK. 

Background and Alms: Rosiglitazone (RSG) improves insulin sensitivity and 
reduces ambulatory blood pressure (ABP) in Type 2 diabetics, but has not 
previously been studied in subjects with IGT. Materials and Methods: In a 
double-blind study, 18 subjects with persistent IGT were randomised to receive 
RSG (4 mg twice daily) or placebo for 12 weeks. EugJycaemic hyperinsulinaemic 
clamp was used to derive the insulin sensitivity index (ISI), and 24-hour ABP was 
monitored. Results: Baseline systolic and diastolic ABP were higher in the RSG 
group, and there was a trend to greater insulin sensitivity in the placebo group. 
RSG significantly improved ISI compared with baseline (BL, p=0.025, mean 36% 
increase) and placebo (p=0.0003), and significantly reduced systolic and diastolic 
ABP vs BL and vs placebo. Data below are mean or, for change from baseline, 

mean 1SD: _ 

Placebo (n=9) RSG (n=8)t 

ISI BL 9.94 7.09 

(pg/kg/min/pmol/1) Change vs BL -1.82 ±4.48 1.72*1 1.72 

_ Change vs placebo _-_ 2,26** _ 

24-hour ABP, systolic BL 120.8 132.0 

(mmllg) Change vs BL 2.715.7 -7.0** ±4.8 

Change vs placebo - -9.8** 

24-hour ABP, diastolic BL 68.8 75.9 

(mmHg) Change vs BL 2.615.5 -6.4* 15.2 

_ Change vs placebo _-_ -8.0* _ 

*p<0. 05; **/K0.01; t8 subjects completed, one lost to follow-up. 

Conclusions: Consistent with its Type 2 diabetes effects, RSG substantially 
improves insulin sensitivity and reduces systolic and diastolic ABP in IGT. 
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MECHANISMS BY WHICH ROSIGLITAZONE IMPROVES GLYCAEMIC 
CONTROL IN TYPE 2 DIABETES 

J. Gerich 1 , J. Dostou', N. Islam 1 , C. Meyer 1 , H.J. NVoerle', C. Sparks', J. Sparks', S. 
Wittlin', G. Dabiri 2 , and A. Anderson 2 . 'University of Rochester, Rochester, NY; 
2 SmithKIine Beecham, Philadelphia, PA. 

Background and Aims: The mechanisms by which thiazolidinediones (TZDs) 
improve glycaemic control are poorly understood. It is not clear whether TZDs act 
principally via decreasing glucose production, improving glucose disposal, or 
solely by improving insulin sensitivity. Materials and Methods: We studied 
various aspects of fasting (F) and postprandial (PP) glucose and lipid metabolism in 
30 subjects with Type 2 diabetes before and after randomisation to 3 months’ 
treatment with placebo (PBO, «-15) or rosiglitazone (RSG, 4 mg twice daily, 
/z=15). Results: Compared with the PBO group, RSG responders (RR, l in 
HbAjc>0.3% or i in F glucose >10%, n=12) decreased their HbA lc , F and mean PP 
plasma glucose by 1.0%, 40 mg/dl and 43 mg/dl respectively (all p<0.03). Both F 
and PP plasma free fatty acids also decreased in RR (both p- 0.011). Insulin 
sensitivity (IS) and beta-cell function ((3-fn) (IIOMA) improved, in RR only, by 
32±5% (p=0.004) and 27±8% (p=0.026), respectively. Similarly, F and PP 
endogenous glucose production (double-isotope technique) decreased in RR 
(p=O.Ol and 0.023) whereas none of these parameters changed in the PBO group. 

PP but not F gluconeogenesis ( u C-bicarbonate) decreased in RR (p=0.033, one 
tailed). Neither F nor PP tissue glucose uptake and oxidation (calorimetry) were 
altered in RR, but both F and PP glucose clearance increased 0?=0.04 and 0.007). F 
and PP HDL-cholesterol increased significantly in RR (p=0.039 and 0.014); neither 
triglycerides nor LDL-choIesteroI changed. Conclusions: In responsive patients 
with Type 2 diabetes, RSG improves glycaemic control by increasing both IS and 
P-fn. The actions of RSG primarily result in glycogenolytic and gluconeogenic 
reductions in glucose production and, to a lesser extent, more efficient glucose 
disposal. 
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ANTIDIABETIC EFFICACY OF GW0072, A SELECTIVE PPARy 
MODULATOR, IN ZUCKER DIABETIC FATTY RATS. 

WAV. Harrington, J. Way, P. Novak, N. Milliken, J. Binz, T. Smalley, J. 
Collins, K.K. Brown, S.A. Kliewer and TAI. Willson. GlaxoSmithKline, 
Research Triangle Park, NC, USA. 

Background and Aims: GW0072 is a high affinity Selective P PAR y Modulator 
(SPARM ) that inhibits PPARy-induced adipocyte differentiation as a result of its 
unique receptor-binding mode. The purpose of this study was to compare the 
antidiabetic effects of the SPARM, GW0072, to that of the full PPARy agonist, 
GW7845, at a dose providing comparable glucose (G) lowering. Materials and 
Methods: The Zucker diabetic fatty rat (ZDF) is a genetic model of Type 2 
diabetes, becoming progressively insulin resistant, hyperglycemic and 
hyperlipidemic as they age. 40 male ZDF rats (9 wk of age) were dosed with either 
vehicle (PEG400), GW0072 (100 mg/kg bid) or GW7845 (0.3 or 1 mg/kg bid) for 
21 d. Results: ZDF rats treated with GW7845 decreased non-fasted G at both 
doses. Rats treated with GW0072 lowered G to the level of the low dose of GW845 
(279 ± 62.5 v. 264 ± 64.3 mg/dl). GW0072 also produced effects on 
hemoglobinAlc (HbAlc), triglycerides (TG), free fatty acids, and insulin that were 
equivalent to the low dose of GW7845. Notably, only 4/8 animals treated with 
GW0072 or 5/8 treated with the low dose of GW7845 responded to treatment (G < 
250 mg/dl), yet those that did responded maximally compared to the high dose of 
GW7845. Results from glucose-matched groups of all non-fasted ZDF rats are 
shown below (mean ± SEM)._ 


Dose 


HbAlc (%) 

TG(mg/dl) 

Responders 

Vehicle 

BB1B1 


893 ± 90 

0/8 

GW072 lOOg/kg 

■raw*** 


624 ±97 

4/8 

GW845 0.3mg/kg 

264 ± 64.3 

6.55 ±0.68 

420 ± 101 

5/8 


jama 

UliUiUH 

114 ± 6.5 

8/8 


Analysis of gene expression in the responders showed that GW0072 did not 
upregulate lipid storage genes in fat (e.g. GPAT and FABP) to the same extent as 
GW7845, but showed equivalent regulation of genes in muscle involved with 
glucose disposal (e.g. PDK4). Conclusions: The SPARM, GW0072, showed 
antidiabetic activity through tissue selective regulation of gene expression in a 
subset of ZDF rats and may be an effective therapy to improve glycemic control in 
patients with Type 2 diabetes. 
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Long-term Insulin and Rosiglitazone Mediated Regulation of LPL, HSL & 
Lipolysis in Human Adipose Tissue 

P.G. McTeman(l), A.L. Harte(l), A.H. Bamett(l), M.C. Eggo(I), S. Smith(2) & S. 
Kumar(l). (1) University of Birmingham, Birmingham, U.K.;(2) GlaxoSmithKline, 
Harlow, Essex U.K. 

Background and Aims: Upolysis is an importnat process determining fuel metabolism 
and insulin regulates this process in adipose tissue. The aim of this study was to 
investigate the long-term effects of insulin (1-1 OOOnM), an insulin enhancer (rosiglitazone: 
RSG), and both in combination, on the regulation of lipolysis and lipogenesis in human 
adbominal subcutanoeus fat 

Materials and Methods: Lipolysis and lipogenesis were assessed by Western analysis of 
hormone senstive lipase (HSL) and lipoprotein lipase (LPL) respectively. Lipolytic 
activity was assessed by glycerol release assay and tumour necrosis factor alpha (TNF- 
alpha) by ELISA (n= 12). 

Results: In Subcutaneous adipocytes increasing insulin (Ins) stimulated LPL expresssion 
with maximal stimulation at lOOnM ((Control: 1.00+/-0.0(mean +/- SE, protein expression 
relative to control) Ins InM: 0.87+/-0.13; Ins lOOnM: 1.68+/-0.19***; Ins lOOOnM: 1.4+/- 
0.07; ***p<0.001). In contrast, insulin altered HSL expression in an opposite pattern to 
LPL, with maximal reduction of HSL observed at lOOnM insulin treatment (Control 
1.00+/-0.0; Ins 100nM:0.49+/-0.05*; *p<0.05). However, higher insulin doses (500nM- 
1 OOOnM) stimulated both LPL and HSL expression (p<0.05). The addition of RSG 
induced a shift in response to the left in the dose response to insulin for LPL (Ins InM: 
1.09+/-0.36, Ins lOnM 2.26+/-0.48* Ins lOOnM 1.8+/-0.3*; Ins lOOOnM: 1.18+/-0.13) and 
HSL (Ins InM: 2.92+/-0.4S; Ins lOnM: 1.4+/-0.25; Ins lOOOnM 4.48+/-1.32*; Ins 
1000n.NL 7.10+/-2.09*). In adipocytes treated with RSG alone there was a dose-dependent 
increase in LPL expression (RSG 10-5M: 11.20+/-2.42*; RSG10-10M: 6.28+/-1.43*) but 
a dose-dependent decrease in HSL expression (RSG10-6M: 2.13+/-0.16***; RSG 10- 
I0M: 9.07+/-1.79**; **p<0.01). High levels of insulin stimulated glycerol release 
(Control: 244.3+/-21umol, Ins lOOnNL 364.3+/-52umol*; Ins lOOOnM: 493.7+/- 
80umol**) correlating with HSL expression studies. Insulin stimulated TNF-alpha 
secretion in a dose dependent manner (p<0.01) while the presence of RSG (10-8M) 
reduced TNF-alpha secretion (p<0.05). 

Conclusions: Long-term insulin treatment of human adipocytes stimulates lipolytic rate, 
in a dose dependent manner. Co-treatment with RSG sensitises the effect of insulin to 
further alter LPL and HSL protein expression. These data, therefore, suggest an 
explanation for insulin resistance and hyperinsulinaemia paradoxically co-existing with 
increased circulating non-esteri tied fatty acids in obese and/or tyne 2 diabetic natienrs 
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IMMEDIATE ONSET OF DIABETES IN ZDF RATS AFTER 
TERMINATION OF TREATMENT WITH ROSIGLITAZONE 
H.-J. Burger, E. Kleinschmidt, M. Stein, W. Kramer, and AAV. Herling 
AVENTIS PHARMA Deutschland GmbH, Frankfurt, Germany 
Background: It is well established that rosiglitazone, a thiazolidindione, in¬ 
duces adipocyte differentiation by binding to and activation of PPARy. The 
in-vivo effect of this drug is characterized by an increase in body weight, a 
fall in triglycerides and free fatty acids and increased insulin sensitivity. Male 
Zucker diabetic fatty (ZDF) rats are insulin resistant and develop diabetes at 
around 10 weeks of age presumably due to lipotoxic destruction of pancreatic 
p-cells. Aim of the study was to investigate the diabetes prevention properties 
of rosiglitazone and the effect of termination of treatment on diabetes devel¬ 
opment. 

Material and Methods: Insulin resistant ZDF rats (fa/fa) were used (n=32). 
Rats were treated with rosiglitazone (3 mg/kg orally) starting at the age of 6 
weeks (n=16). At the age of 19 weeks rosiglitazone treatment was terminated 
in 8 rats and the observation period was prolonged for further 6-weeks. A 
group of 16 rats without treatment served as control. Blood parameters and 
body weight were determined throughout the study. 

Results: Treatment with rosiglitazone caused a fall in plasma triglycerides 
and free fatty acids whereas cholesterol and glycerol increased. Treatment 
prevented the onset of diabetes at the age of 10 weeks and caused a tremende- 
ous increase in body weight up to 682±11 g and 824±I 1 g at the age of 19 
and 25 weeks, respectively. Corresponding body weights of control rats were 
465±11g and 459±18 g. After termination of treatment there was an immedi¬ 
ate onset of diabetes within 1 week with increased triglycerides and free fatty 
acids and subsequent reduction in body weight. 

Conclusions: It is concluded that termination of rosiglitazone treatment in the 
insulin resistant prediabetic disease stage might cause an immediate transition 
to overt diabetes. 
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TIHAZOLIDINEDIONES HAVE A DISTINCT INFLUENCE ON PLASMA 
STEROIDS IN OBESE 2UCKEU RATS (fa/fa). 

C.Fumsinn, P-Nowotny, B.Brunmair, F.Gras, W.Waldhausl, and H.Vierhapper. 
Department of Medicine 3, Div.Endocrinol.Metab., University of Vienna, Austria. 
Background and Aims: Thiazolidinediones {TZDs) have been reported to affect 
steroid synthesis in vitro. This study was to examine the potential influence of TZDs 
on circulating plasma steroids of obese Zucker rats in vivo. Materials and Methods: 
8 months-old male genetically obese Zucker rats (fa/fa) received a food admixture of 
rosiglitazone (ROSI; 0.01% wt/wt; n=6) or troglitazone (TRO; 03% wt/wt; n=10) for 
5 weeks, and were compared to untreated obese Zucker rats (fa/fa; n=12) and to 
untreated lean Zucker rats (Fa/-; n=12). Results: ROSI and TRO ameliorated the 
insulin resistance and improved the plasma lipid profile of obese rats (e.g. plasma 
triglycerides, mg/dl: ROSI, 213±4Q, vs TRO, 238±28, vs untreated obese, 751 ±107, 
vs untreated lean, 69±6; p<0.001 each vs untreated obese). Both TZDs markedly 
increased plasma 17-OH-progesterone (ng/dl: ROSI, 48±9, vs TRO, 46±5, vs 
untreated obese, 27±3, vs untreated lean, 58±10; p<0.05 each vs untreated obese), but 
failed to affect plasma pregnenolone (ng/dl: 18±2 vs 2043 vs 19±1 vs 16±2; n.s.). 
While only a tendency to decrease plasma testosterone was observed (ng/dl: 123±35 
vs 123±12 vs 162±29 vs 148±33; n.s.), both ROSI and TRO blunted plasma 
dihydrotcstostcronc by -50% (ng/dl: ROSI, 44±3, vs TRO, 38±4, vs untreated obese, 
76±9, vs untreated lean, 59±7; treated vs untreated obese, p<0.01 each; untreated 
obese vs lean, n.s.). It is of note that TZDs reduced plasma dihydrotestosterone in 
obese rats beyond the concentrations prevailing in healthy rats, which contrasts with 
partial restoration of fuel metabolism and hence argues for different underlying 
mechanisms. Conclusions: ROSI and TRO have a similar and distinct influence on 
plasma steroids of obese Zucker rats. The precise mechanisms responsible for TZD- 
induced changes in the steroid profile of insulin resistant rats await to become 
clarified, but our data suggest a TZD group effect, which is not secondary to improved 
fuel metabolism. No conclusions can be drawn as yet regarding the extent, to which 
our data relate to circulating steroid hormones in TZD treated patients. 
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INSULIN SENSITIZATION BY PROLONGED TROGLITAZONE 
EXPOSURE OF RAT SKELETAL MUSCLE IN VITRO. 

B.Brunmair, F.Gras, A.Lcst, M.Roden, W.Waldhausl, and C.Fumsinn 
Dept.Med.IQ, Div.Endocrinol.Metab., Univ.Vicnna, Austria 
Aims: It is unknown, whether thiazolidinediones trigger insulin sensitization of 
skeletal muscle directly or indirectly, Le. via their actions on adipose tissue. We 
examined the direct effects of troglitazone on skeletal muscle in vitro. Materials and 
Methods: Freshly isolated solcus muscle strips from Sprague-Dawley rats were 
incubated with or without troglitazone. Since the induction of insulin sensitivity by 
troglitazone in vivo is a slow process, prolonged exposure periods of 73 h were 
employed. During the last hour, basal and insulin-stimulated (100 nmol/I) rates of net 
glycogen synthesis and glucose oxidation were determined. Glycogen content was 
measured at the end of the experiment. Results: Troglitazone exposure for 73 h dosc- 
dcpcndcntly increased insulin-stimulated glycogen synthesis and glucose oxidation of 
isolated muscle (% change vs. intraindividual troglitazonc-frce control: chcogen 
synthesis '. O.lpM, +14±12%, ns; 03pM,+l±ll%, ns; lpM, +49±13%, p<0.01; 3pM, 
+104±22%, P<0-01; glucose oxidation : O.lpM, +19±14%, ns; OJpM, +14±15%, ns; 
lpM, +57±11%, P<0.001; 3pM, +93±29%, P<0.01; glycogen content . O.lpM, +10± 
8%, ns; 03pM,+10±11 %, ns; 1 pM, +33±8%, p<0.001; 3pM, +58±24%, ns). Another 
experiment revealed that troglitazone's effect on glycogen synthesis depended on the 
concomitant presence of insulin (% change induced by lpM troglitazone: basal, -4± 
6%, vs. insulin-stimulated, +57±15%, p<0.01), while the troglitazonc-induccd 
increase in glucose oxidation was insulin-independent (basal, +62±22%, vs. insulin- 
stimulated, +56±18%, ns). Conclusions: Long-term troglitazone exposure of native 
muscle specimens leads to insulin sensitization of the glycogenic pathway 
accompanied by an insulin-independent increase in glucose oxidation. The observed 
changes exactly match the pattern of responses described for muscle specimens as 
prepared from rodents afler oral thiazolidinedione-treatment. Our findings therefore 
suggest that troglitazone-induccd insulin sensitization in vivo may at least in part be 
caused by direct interaction with skeletal muscle. 
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Modifying effects of vitamin A in combination «ith tbiazolidinedione treatment 
Y. Itoh*, S. Katoh*, Y. Yamazaki**, J. Yokoyama* and N. Tajima*. 

*Jikei Univ. Sch. of Med., Tokyo, **Kawaguchi Municipal Medical Center, 
Kawaguchi, Japan 

Background and Aims: We already reported thiazolidinedione treatment increases 
fat deposition in muscle and decreases fat deposition in liver accompanied with body 
weight gain. Vitamin A is reported to contribute to fat deposition in muscle and liver. 
We evaluated modifying effects of vitamin A in combination with thiazolidinedione 
treatment on fat deposition in wister rats with high-fat, high-sugar feeding (26% fat, 
32% sugar) without food intake restriction. Materials and Methods: Thirty male 
wister rats were randomly divided into three groups and followed for 16 weeks. 
Group T (n=10) was treated with 0.2% troglitazone. Group TA (n=10) was treated 
with 0.2% troglitazone and vitamin A (approximately 500IU/body/day). Group C 
(n=10) was a control group. Results: Although there were no significant differences 
in food intake (g) between three groups after 16 weeks, body weight significantly 
(p<0.01) increased in group TA compared with those in the other groups. Body 
weight in group T also significantly (p<0.01) increased compared with group C. 
Triglyceride deposition in liver and psoas muscle in group TA (12±6 and 8±6pg/mg, 
respectively) were significantly (p<0.01) increased compared with those in group T 
(3±1 and 3±3pg/mg, respectively) and group C (3±1 and l±lpg/mg, respectively). 
Although triglyceride deposition in psoas muscle also increased in group T compared 
with that in group C, it was not significantly different. Fasting IRI significantly 
decreased in group TA compared with those in group T and group C (group TA vs 
group T and group C: 2.3±0.7 vs 5.3±L6 and 6.1±1.8pU/mI, p<0.01 and p<0.01, 
respectively). FPG significantly increased in group TA compared with those in group 
T and group C (175±21 vs 129±22 and 139±40mg/dl, p<0.01 and p<0.05, 
respectively). Although portal FFA significantly (p<0.01) decreased, serum 
triglyceride significantly (p<0.01) increased in group TA compared with those in the 
other groups. Conclusions: Vitamin A treatment enhanced the effects of 
thiazolidinedione to decrease hyperinsulinemia and FFA it resulted in fat deposition 
spoiling hypoglycemic effect. This may be a key mechanism of a secondary failure of 
thiazolidinedione treatment. These results indicate vitamin A has modifying effects 
on insulin sensitizer. 
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ACANTHOSIS NIGRICANS (AN) IN OBESE WOMEN OF AN 
AFRICAN AMERICAN ANCESTRY POPULATION. L.M.B. Araujo, A. 
M. C. Vivelros, R.C. Lopes, M. V. Porto, M. J. Ursich, Faculdade 
de Medicina da UFBA, Bahia, Brazil & USP, S3o Paulo. 

AIMS: To study the prevalence of AN and metabolic disturbances in 
a population of obese women from Salvador, Bahia, Northeast of 
Brazil, a population predominantly of African ancestry. CASUISTIC 
AND METHODS: A total of 481 obese women of an outpatient 
obesity clinic was studied: with AN, group AN, n=388, and without 
AN, group NAN, n=93. The mean age of this population was 36.6 + 
10 years and mean BMI was 40.4 + 6.4 kg/m2. Except for those who 
were diabetic, all patient were refered to an oral glucose tolerance 
test (75g) and had plasma glucose determined by enzymatic method. 
Insulin resistance was evaluated by HOMA model. RESULTS: The 
prevalence of AN was 66.9% in patients with white skin color, 86% in 
mulattos and 90.6% in blacks, strongly higher in black and mulatto 
versus white (p = 0.000001 and 0.00002). The AN group was older, 
and heavier, they had a higher waist, waist-hip ratio (WHR) and 
HOMA insulin resistance than NAN group. In contrast, fasting insulin 
levels were similar between groups. The frequency of diastolic 
hypertension was higher in AN than NAN group (p = 0.05). The 
frequencies of central obesity (WHR > 0.85), type 2 diabetes and 
impaired glucose tolerance (according WHO criteria) in AN group 
were 38%, 11,1% and 14.9% higher than 29.7%, 4.3% and 9.7% in 
NAN group, but these differences were significant for diabetes only 
(p<0.01). The frequencies of high total and LDL-choiesterol, low 
HDl-cholestero! and high triglycerides of AN group were similar to 
NAN group. CONCLUSION: AN is a marker of some clusters of 
metabolic syndrome, especially in a multi racial population. 
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SUCCESSFUL SCREENING FOR INSULIN RESISTANCE USING HOMA 
TOGETHER WITH A SIMPLE HEALTH EXAMINAITON 
N. Kanamori, G. Murasaki, N. Okayama, M. Shimizu and M. Itoh, Japan 
Background: Insulin resistance (IR) is a very important risk factor for many 
metabolic disorders. Therefore earlier detection and prompt educational 
intervention are desirable to reduce the prevalence of further metabolic 
diseases and their complications. Aims: We have assessed whether individuals 
at high risk of IR could be identified following a health examination and 
postprandial blood testing. Materials and Methods: Two hundred and 
eighteen asymptomatic, undiagnosed male workers (aged 21 -61) who were 
found to have glucosuria in an annual health examination were enrolled in this 
study. AH underwent physical examination, 75gOGTT, and blood examination 
in fasting and postprandial state. Homeostasis model assessment (HOMA-1R) 
was calculated using the results of 75gOGTT. IR was defined as values above 
the 85 th percentile. Results: The prevalence of IR in 20 - 29 age group was 
higher than in 50 - 59 age group (27.6% vs. 4.3%, p = 0.0003). Discriminant 
analysis was performed by the stepwise method using HOMA-IR as the 
dependent variable, and age, BMI, systolic blood pressure, diastolic blood 
pressure (D-BP), postprandial blood data as the independent variables. The 
coefficients were -0.053 for age, 0.254 for BMI, 0.027 for D-BP, and -5.934 
for constant (Wilks’ lambda 0.641, p<0.0001). The discriminant scores (IR 
risk scores) were computed using the coefficients. When subjects were 
discriminated by the score, the sensitivity and specificity in this study were 
89.7%, and 78.8%. Conclusions: IR could be predicted with considerable 
accuracy from age, BMI, and D-BP, without the need for any blood data. This 
method should be useful to identify apparently healthy individuals with IR, 
especially younger individuals, after a simple health examination, facilitating 
early educational intervention to prevent many metabolic disorders. 
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METABOLIC IMPROVEMENT IN OVERWEIGHT MEN 
FOLLOWING EXPOSITION TO MODERATE ALTITUDE 

M T.echleitner . E. Humpeler, W. Schobersberger, F. Hoppichler 
University of Innsbruck, Austria 

Background and Aims : The metabolic syndrome is associated with an 
increase in sympathetic nervous activity, which is known to be 
modulated by a stay at different altitudes, but until now no data are 
available about the influence of altitude on parameters of the 
metabolic syndrome. 

Methods: 22 male subjects with a metabolic syndrome were selected, 
and, after baseline investigations, these participants spent 3 weeks at 
1700 m altitude simulating a holiday stay. Fasting glucose, glycated 
hemoglobin (HbAlc) and lipid values were determined according to 
routine procedures. As a measurement for insulin resistance 
Homeostasis Model Assessment (HOMA) was used. Statistic values 
are given as medians, for'univariate testing the paired t-test was 
applied. 

Results : Fasting plasma glucose levels decreased from 
109.2±33.6 mg/dL at the baseline control to 102.1±61.8 mg/dL after 
the stay at moderate altitude, and HbAlc levels decreased 
from 6.3±1.5% to 4.6±0.53% (p<0.069). Fasting insulin levels 
were 16.2±11.3 pU/mL at the baseline control, and 11.6±5.9 pU/mL 
after the stay in the mountains, which was paralleled by a decrease in 
the HOMA index from 4.8L4.1 to 3.3±1.9 (p<0.036). Serum 
triglyceride levels decreased from 218.6±135.5 mg/dL to 
96.3±116.9 mg/dL, while HDL-cholesterol revealed an increase 
from 45.5±12.3 mg/dL to 54.7±4.6 mg/dL (p<0.001) 

C onclusion : These results indicate that a stay at moderate altitude 
might increase insulin sensitivity in overweight men 
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Validation of an insulin resistance score calculated from clinical parameters in a 
heterogeneous population with prior gestational diabetes. 

A Gy. Tabak, Zs. Kerenyi and Gy. Tamas. Nat. Centre Diab. Care, 1st Dept, of Med., 
Semmelweis Univ., Med. Faculty, 4th Dept, of Med., Sl Imre Hosp., Budapest, 
Hungary 

Background and Aims: Since exact estimation of insulin resistance requires invasive and 
expensive techniques, it would be important to find easily obtainable parameters to 
estimate this cardiovascular risk factor. Recently an insulin resistance score (IRS) was 
developed and validated in type 1 diabetes (T1DM) in the EDC Study. Our aim was to 
calculate this parameter and validate it using different measures of insulin resistance from 
an oGTT (homeostatic model assessment [HOMA], Matsuda composite index, 
Cederholm, and Stumvoll estimation) in a heterogeneous population. Materials and 
Methods: We examined 84 prior GDM women (age 38.6 [6.3; SD] yrs, HbAlc 6.4 [1.9] 
%, BMI 26.8 [6.1] kg/m2, 22.4% hypertensive) 7.7 [2.4] yrs after delivery. Almost half of 
the patients had normal glucose tolerance, 18% had impaired glucose tolerance and 31% 
diabetes at reclassification (WHO criteria). HOMA score was calculated on all subjects 
using fasting serum insulin and fasting plasma glucose, while the other measures of insulin 
resistance were calculated using blood glucose and serum insulin levels measured on a 
mixed subgroup of the patients (n=43) during a 75g oGTT. To estimate IRS, each patient 
was categorized into risk tertiles according to waist to hip ratio (WHR), triglycerides, 
HDL-cholesterol, and HbAlc levels. Hypertension (HTN) and known diabetes in first- 
degree relatives was considered as a high risk, their absence as a low risk factor. These 
scores were than a\eraged creating a score between 1 (low risk) and 3 (high risk). Results: 
IRS correlated well with all the insulin resistance measures: with HOMA scores, 
composite index, Cederholm and Stumvoll estimation (r=0.57, 0.44, 0.39, 0.33, P<0.0001, 
P<0.01, P<0.05, P<0.05, resp.). It even correlated well with HOMA score in different 
subgroups with no substantial difference in younger (r=0.37, P<0.05) or older (r=0.76, 
P<0.001), obese (r-O.41, P<0.05) or non-obese (r=0.47, P<0.001), diabetic (r=0.43, 
P<0.001) or non-diabetic (r=0.46, P<0.05), and in normotensive (r=0.42, P<0.001) or 
hypertensive subjects (r=0.48, P<0.05). ROC curve analysis also revealed that IRS score 
could also well differentiate between diabetic and non-diabetic women (AUC= 0.82, 95% 
Cl: 0.72-0.91, P<0.0001) with a sensitivity of 88% and a specificity of 66% at a cut-off 
value of 1.77. Conclusions: Our results might support the previous observation that easily 
measurable clinical parameters may estimate insulin resistance. The calculated score could 
help in large-scale epidemiological studies even in heterogeneous populations. 
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Assessment of insulin sensitivity in children and adolescents. Comparison of 
quantitative approaches. 

Potau N, Ibaiiez L, Sanchez-Ufaite C, Ong K, Dunger D, Riqu£ S, Vicens-Calvet E, 
Carrascosa A. Hospital Matemo-Infantil VaH d’Hebr6n, Barcelona. Hospital Sant 
Joan de Deu, Barcelona. Pediatric Dept, Cambridge, U.K. 

Background and Aims. We have compared different methods of calculating insulin 
sensitivity from glucose and insulin basal values and from an oGTT in order to have 
an alternative approach of euglycemic hyperinsulinemic clamp for routine 
measurement in population studies. 

Materials and Methods, b-cell function was obtained from fasting glucose and 
insulin, Homa index (B%) and from an oGTT, the insuJinogenic index (insulin area 
divided by glucose area) and MSI (mean serum insulin, the area under the insulin 
curve divided by 120 minutes). Insulin sensitivity was assessed by the homeostasis 
model assessment (Homa S%), a well validated method, w hich has been compared 
with quantitative insulin sensitivity index (QUICKI), fasting insulin resistance index 
(FERI), glucose and insulin ratio (G/I), fasting glucose and insulin ratio (FGIR) and 
insulin sensitivity index calculated from basal and oGTT (ISIb and ISI3). 

The population included were 51 girls diagnosed of premature pubarche, studied 
longitudinally at prepubertal, pubertal and postpubertal stages and 68 matched 
controls for age, sex and pubertal stages. 

Results. High correlation coefficients (ranging from 0.87 to 0.92) were found 
betw een Homa S% and the other insulin sensitivity indexes adjusted either linearly or 
as a hyperbolic curve.Assuming that the relationship between insulin secretion and 
insulin sensitivity is represented by a hyperbolic function, we found three acceptable 
adjustments, between B% and G/T, MSI and ISIa and the insulinogenic index with 
ISIa. The best adjustment fitting a hyperbolic relation was considered to be between 
MSI and ISIa (r2 = 0.90). 

Conclusions. According to our results it may be considered that S%, G/I and ISIa the 
most advantageous calculations to represent a simple value of insulin sensitivity in a 
population from w hich a subset of them could be submitted to a more accurate an 
sophisticated method. 
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INSULIN SECRETION AND INSULIN RESISTANCE IN IMPAIRED GLUCOSE 
TOLERANCE 

T.Tankova, L.Dakovska, G.Kirilov and D.Koev, Clinical Center of Endocrinology, 
Medical University, Sofia, Bulgaria 

Background and Aims: The study was designed to investigate insulin secretion and 
insulin resistance in normal-weight subjects with impaired glucose tolerance (1GT). 
Materials and Methods: 114 normal-weight subjects (64 males and 50 females) 
were enrolled in the study - 39 subjects with IGT (mean age 39.2±8.3years); 41 
newly-diagnosed type 2 diabetic patients (mean age 38.5±7.9years) and 34 healthy 
controls (mean age 37.419.1) ears). First (FPIS) and second (SPIS) phases of 
insulin secretion were studied during IVGTT. Insulin resistance was estimated 
using the homeostasis model assessment (HOMA-IR). Plasma insulin concentration 
was measured by MEIA, using a commercial kit (Abbott) (normal range - 2- 
25mU/I). Statistical analysis was performed with a SPSS 9.01 package. Results: As 
far as their response during IVGTT is concerned, the subjects with IGT were 
divided into two subgroups: with normal FPIS (n=22, 108.4i27.9mU/l); and with 
reduced FPIS (n=17, 26.7±8.2mU/l vs 114.4±41.2mU/l in the controls, p<0.001, 
and p<0.05 as compared to the diabetic patients) and reduced AUC for insulin 
secretion (1611.7±481.9 vs 2318.81734.9mU/l.h in the control group, p<0.001), the 
pattern of insulin secretion being quite similar to that of type 2 diabetic patients. 
The SPIS of the two IGT groups did not differ from that of the healthy controls. 18 
of the subjects with IGT were with normal insulin sensitivity (HOMA-IR) 
(2.4310.89 vs 2.0811.4mmoI/l.mU/l in the control group, p>0.1); 21 of them 
showed insulin resistance (4.1311.4, p<0.01 as compared to the control group), but 
they were less resistant than the newly-diagnosed tjpc 2 diabetic patients (p<0.05). 
Having combined the two defects, 23.1% of IGT subjects appeared to have both 
reduced FPIS and insulin resistance; 20.5% - only reduced FPIS; 30.8% - just 
insulin resistance and 25.6% - both normal insulin secretion and insulin sensitivity. 
Conclusions: Our results demonstrate that both insulin secretion and insulin 
sensitivity defects may be present in normal-w eight subjects with IGT. 
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PROTEASE INHIBITORS CAUSE INSULIN RESISTANCE AND IMPAIR BETA CELL 
FUNCTION: A MODEL TO STUDY THE PATHOGENESIS OF TYPE 2 DIABETES 
P. Mariuz*, H.J. Woerie*. C. Meyer* E. Popa*. and J. Gerich*. Departments of Infectious 
Diseases* and Endocrinology*, University of Rochester, Rochester, NY, USA 
Background : There is evidence that Protease inhibitors (PI), drugs commonly used for HIV 
infection, may be diabetogenic. However, no prospective study has examined this. 
Furthermore it is not clear what effects, if any, PI treatment may have on insulin release (IR) 
and insulin sensitivity (IS). We therefore undertook a 12 week prospective study to determine 
whether PI treatment impairs glucose tolerance as reflected by changes in fasting plasma 
gfucose (FPG) and, if so, the mechanism(s). Methods : We measured FPG, beta cell function 
(BCF) and IS before and after 12 weeks PI treatment, using both the HOMA model and the 
hyperglycemic (180 mg/dl) damp technique in 10 HIV positive otherwise healthy subjects. 
With the damp technique, IR was calculated as the average plasma insulin concentration 
during the last 60 min of the 3 hour clamp. IS was calculated by dividing glucose clearance 
during the last 60 min of the damp by the corresponding plasma insulin concentrations. 
Results : FPG increased from 89±4 to S8i2 mg/dl p=0.009. Fasting plasma insulin increased 
from 92±14 to 108112 pM, p=0.028. The HOMA model indicated that IS decreased from 
0 . 610.1 to 0.3+0.1 IpmoMmol 1 p=0.004 whereas BCF remained unchanged (204±13 vs. 
191+15 pMmM*, p=0.52), indicating lack of appropriate BCF compensation. With the 
hyperglycemic damp: IS decreased from 11.912.2 to 8.912.7 ml kg 1 min* nM 1 , p=0.006. 
Although IR increased from 6421104 to 11011370 pM, p=0.02 this was not appropriate for 
the decrease in IS since the disposition index (ISxIR) decreased from 4913H92 to 
39631318, p=0.01. There was a significant correlation between the decrease in insulin 
sensitivity determined with the HOMA and the hyperglycemic clamps r=0.74, p=0.0004 as 
we!! as for changes in BCF r=0.69 p=0.029. Conclusions : Protease inhibitor treatment 
reduces glucose tolerance. Both HOMA modeling and hyperglycemic damp experiments 
indicate these drugs reduce insulin sensitivity and prevent appropriate compensation in beta 
cell function. Since these changes mimic those involved in obesity and Type 2 diabetes 
mellitus, these drugs may be useful tools to study the pathogenesis of T2DM. 
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abdominal sagittal diameter is strongly related to 
INSULIN RESISTANCE IN MEN WITH THE METABOLIC SYNDROME 
U. Riscrus, L. Berglund and B. Vessby. Dept of Public Health and Caring 
Sciences / Geriatrics, Faculty of Medicine, Uppsala university, Sweden 

Background and Aims: Abdominal sagittal diameter (SAD), an estimate of 
visceral fat, is strongly related to cardiovascular and metabolic risk factors, but its 
association with insulin resistance (IR) has not been examined using clamp. Here 
we compared simple anthropometric measures and their association with IR. 
Materials and Methods: In a homogeneous sample of 59 men with the 
metabolic syndrome (mean±SD; 53±8.2 >ts, BMI; 30.6±2.3, waist to hip 
ratio; 1.01 ±0.02) euglycaemic hyperinsulmemic clamp (M; mg/kg bw/min) were 
assessed, and correlations between anthropmometrics and the M-value were 
analysed. 

Results: 


Anthropometric variable 

Correlation coefficient, r 

l*-value 

Abdominal sagittal diameter 

-0.57 

p<o.oooi 

Body mass index 

-0.46 

P=0.002 

Waist circumference 

-0.41 

P=0.001 

Waist to hip ratio 

-0.41 

P=0.003 


In addition. SAD was the strongest correlate for fasting insulin, glucose and M 
corrected for insulin levels (M/1). 

Conclusions: Despite the homogenous group, SAD was the best correlate of IR, 
which probably reflects the important role of visceral fat in IR, but also the high 
measurement reliability of SAD compared to other anthropometries. These results 
indicate that among prediabetic men, SAD identifies the most insulin resistant 
individuals and may have higher predictive value for NIDDM compared to BMI, 
waist circumference and waist to hip ratio. 
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INSULIN RESISTANCE IS ASSOCIATED WITH PLATELET 
RESISTANCE TO ACETYLSALICYLIC ACID IN VIVO IN OBESITY 
M, Tamminen, J. Westcrbacka, R, Lassila and II. Yki-Jarvinen. University 
of Helsinki, Helsinki, Finland 

Background and Aims: Resistance to insulin’s antiaggregatory effects in vitro 
characterize platelets of obese subjects but it is unknown whether obesity also 
influences the sensitivity of platelets to acetylsalicylic acid (ASA) in vivo. 
Materials and methods: We determined insulin sensitivity of glucose uptake by 
using the euglycemic insulin clamp technique, and ASA sensitivity of platelets by 
measuring aggregation responses to 4 doses (0.5, 0.75, 1 and 1.5 mmol/1) of 
arachidonic acid (AA) before and 1 hour after ingestion of 50 mg ASA in eight 
non-obese (age 49±3 >ts, BMI 25+1 kg/m 2 ) and seven obese subjects (age 50±3 
yrs, BMI 32±1 kg/m 2 ). In vitro platelet aggregation was measured with an 
aggregometer using platelet rich plasma and Bom’s turbidometric method. The 
average of the percent changes in maximal aggregation recorded at the four doses 
of AA was calculated (ASA sensitivity). Results: Whole body glucose uptake 
was 48 To lower in the obese (3.910.8) than the non-obese (7.510.6 mg/kg min, 
p<0.01) subjects. AA induced maximal aggregation in all subjects before ASA 
(93±1 7c in non-obese and 94+1 To in obese, NS). After 50 mg oral ASA, 
maximal aggregation decreased to 19± 3 To in the non-obese but only to 7916 To 
in the obese subjects (p<0.0001). There w as significant correlation between body 
mass index and inhibition of aggregation by ASA (r=0.72, p=0.0024). ASA 
sensitivity was also significantly correlated with insulin sensitivity (r=-0.6I, 
p=0.0148). Conclusions: These data demonstrate that insulin and ASA 
sensitivity are interrelated in vivo in non-diabetic individuals. ASA resistance 
could contribute to the increased risk of atherothrombosis in insulin resistant 
individuals. Insulin resistant obese subjects need a greater ASA dose than 
normal-weight subjects. 
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URINARY ACTIVITY OF N-ACETYL RETA-GLUCOSAMINIDASE (NAG) IS 
AN INDICATOR OF SHORT AND LONG-TERM METABOLIC CONTROL 
V. Dimitrijevic Sreckovic, P. Djordjevic, LJ. Mandic*, Institute for Endocrinology, 
Diabetes and Metabolic Diseases, Clinical Center, Faculty of Medicine and Faculty 
of Chemistry* , Belgrade, Yugoslavia 

Increased secretion of lysosomal enzimes into extracellular fluids does not have to 
be only the result of cellular desintegration, but may occur due to alterations in 
intracellular transport and release. The aim of the study was to examine 
significance of urinary and serum NAG activity as the parameter of metabolic 
control. The study included 70 patients: 30 Diabetes mellitus type 1 (DM 1) newly 
diagnosed and patients without complications, 20 Diabetes Mellitus type 2 (DM 2) 
patients without compications, unsatisfactory metabolic control and 20 healthy 
control patients.NAG in the serum and urine has been determined 
spectrophotometrically with substrate glucopirano 2 ide. Glucosylated haemoglobin 
(HbAlC) by spectrophotometric method and glucosylated proteins (GP) by 
thiobarbituratic acid have been determined as glucoreg”Iation parameters. 
RESULTS:Corelation of NAG serum and urine activity with parameters of long 
term metabolic controm ( HbAlC and GP) in the DM 2 patients without vascular 
complications has shown corelation of NAG serum activity with HbAlc r = 0,82 , 
p<0.05 and GP r=0.84, p<0.05, and corelations of NAG urine activity with HbAlC r 
=0.98, p<0.05 and GP r= 0.98 p< 0.05. Corelation of NAG urine activity with 
parameters of short-term metabolic control (basal glycaemia) in the new ly diagnosed 
DM 1 patients and patients without vascular complications r= 0.79 , p< 0.05. These 
results confirm that NAG urine activity is an indicator of short and long- term 
metabolic control, and serum NAG is an indicator of long-term metabolic control in 
patients without vascular complications.The corelations between elevated urinary 
NAG and hyperglycaemia may indicate that the tubular cells are sensitive to plasma 
glucose or increased tubular glucose reapsorptions. 
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EVALUATION OF GLUCOSE METABOLISM IN TYPE 2 DIABETES 
MELLITUS 

A.L. Davydov, N.T. Starkova, E.I. Mayevsky, A.N. Zyakun and E.I. Sokolov, 
Moscow St3te Medical Stomatological University, 20/1 Delegatskaya st., 103473 
Moscow, Russia 

Backgound and Aims: Glucose metabolism in the body determines in many 
respects the energy metabolism level. The aim of the study was to investigate the 
rate of glucose oxidation and to evaluate the pyruvate dehydrogenase complex st3te 
in patents with type 2 diabetes mellitus (DM) by stable isotope methodology. 
Materials and Methods: Glucose oxidation rate was studied based on mesurement 
of l5 C isotope concentration in expired air by the mass spectrometry method (' CO 2 ) 
and simultaneous measurement of lactate and pyruvate levels in 7 patents with type 
2 DM and 4 apparently healthy subjects aged 35 to 55 years. 


The type 2 diabetic patents had compensated carbohydrate metabolism ( Hb A| C - 
6.8 ±0.59%). All the subjects studied received 20 mg, lOg and 20g of ,J C glucose 
per os at different days at an interval of 2-3 days. Results: See the Table below. 


u c 

glue. 

dose 

Rate of glucose 
oxidation [lxl 0' 3 ] 

Lactate [mmol/1] 

Pyruvate [pmol/lj 


Healthy 

DM 

Healthy 

DM 

Healthy 

DM 

20 mg 

8.310.25 

4.3±0.17* 

1.2+0.25 

1 . 9 + 0 . 2 * 

57.2±5.3 

6.1+7.1 

10g 

9.510.33 

5.110.67* 

1.3+0.11 

1.810.3* 

65.116.6 

56.919.2 

20g 

11.9+ 

0.51 

3.95 

±0.57* 

1.6+0.21 

2.510.4* 

78.117.2 

54.3+8.1 


p* < 0.05 

Conclusions: Glucose oxidation rate in healthy subjects increases w ith glucose test 
load and they have increased pyruvate level w ithout hy poxy shift. Patents with type 
2 DM show decreased rate of glucose oxidation as glucose load increases with sharp 
increase of tissue hypoxy evidence and signs of pyruvate dehydrogenase complex 
fermentative systems depletion (increase of lactate and decrease of pyruvate level in 
blood), that demonstrates an important role of this complex in carbohydrate 
metabolism regulation processes. 
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METABOLIC CONTROL AND SPLANCHNIC GLUCOSE UPTAKE, INSULIN 
SENSITIVITY AND GLUCOSE ABSORPTION TIME IN TYPE-1 DIABETES 
P. Georg, A. Kautzky-Willer, K. Mahdjoobian, A. Hofer, R. Prager, W. Waldhaeusl 
and B. Ludvik. Department of Internal Medicine III, Waehringer Guertel 18-20, 1090 
Vienna, Austria. 

Background and Aims: Insulin sensitivity and splanchnic glucose uptake (SGU) are 
important regulators of postprandial glycaemia. While SGU is decreased in type-2 
diabetes, existing data on the extent of SGU following oral glucose administration in 
type-1 diabetic patients are controversial, which might be caused by the different 
glycaemic control in the subjects investigated. The aim of the following study w as to 
determine SGU, peripheral glucose uptake and the time required for glucose 
absorption in type-1 diabetic patients in relation to metabolic control using the OG- 
Clamp method. 

Material and Methods: An OG-Clamp was performed in 8 type-1 diabetic patients 
with good metabolic control (DG, HbAlc=6.l±0.5 %, BM1=23.9±I.I kg/m 1 ), in 8 
type-1 diabetic patients with poor metabolic control (DP, HbAlc=8.5±0.5%, 
BM1=25.5±1.5 kg/m 2 ) and in 9 healthy, matched control subjects (C). The non- 
invasive OG-C!amp, which has been validated against conventional methods, 
combines a hyperinsulinemic clamp (120 mU/mVmin) with an oral glucose load (75g) 
during steady state of glucose uptake and yields SGU, peripheral glucose uptake and 
the time required for glucose absorption in one experiment. 

Results: SGU was not different between the respective groups (13.7±6.2 % in C, 
17.8±3% in DG and 18.9+4 % in DP, p=ns). Peripheral glucose uptake was slightly 
decreased in DP compared to C (7.6+1 vs. 9.3+0.7 mg/kg/min, p~0.08). The time 
required for glucose absorption was 140+6 min in C, 156+4 min in DG and 143+7 
min in DP (p=ns). 

Conclusions: In contrast to type-2 diabetic patients, SGU and the time required for 
glucose absorption is not different from healthy controls in patients with type-1 
diabetes regardless of glycacmic control. In the patients with poor metabolic control, 
peripheral glucose uptake w as slightly, but not significant decreased. 
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In vivo imaging of insulin receptors by positron emission tomography: pre- 
clinical evaluation ori!24]-iodine and of I124]-!odine-labelled human insulin 
P. lozzo, S. Osman, M. Glaser, M. Knickmeier, V.W. Pike, P.G. Camici, M.P. Law 
and E. Ferrannini. MRC, Clinical Science Centre, Hammersmith Hospital, London, 
U.K., and CNR Institute of Clinical Physiology, Pisa, Italy 

Background and Aims: To date, only indirect measures have been obtained to 
characterise insulin receptor binding properties in vivo in humans. We carried out ex 
vivo and in vivo animal studies to investigate whether positron emission tomography 
(PET) could be a suitable technique for the assessment of insulin receptor distribution 
and insulin binding in vivo. 

Materials and Methods: Human insulin was labelled with [125]-I sodium iodide or 
cyclotron-produced [124J-I sodium iodide at the A14 tyrosine residue, and injected (1 
.1 - 1 .4 MBq . kg-1) into adult male Sprague Dawley rats. Animals were sacrificed at 
different times after the injection. Arterial blood and tissue samples were collected to 
determine radioactivity for information on biodistribution, time course, and 
metabolism. Pre-dosing with unlabelled insulin (10 IU i.v.) was exploited to 
determine the magnitude of specific receptor binding of insulin tracers in each tissue. 
In vivo studies were conducted using an ECAT EXACT HR++ scanner. A 
transmission scan was followed by a 60-min emission scan after injecting the animals 
with [124J-I-labelled insulin (1.5 - 3.0 MBq). 

Results: Distribution and clearance of the two tracers were comparable. Plasma 
clearance of radioactivity was fast. Uptake of radioactivity in myocardium, liver, 
pancreas, and gut was reduced by pre-dosing. Maximal specific uptake was achieved 
10 min after injection in the myocardium and much earlier in the liver. Uptake in the 
brain was low but was halved by pre-dosing. Radioactivity in the kidney was 
increased after pre-dosing. PET imaging showed difiuse distribution of the tracer and 
allowed clear identification of myocardium, liver and kidneys. 

Conclusions: In the rat, plasma insulin crosses the blood-brain barrier to bind to 
specific receptors in multiple brain areas. [124]I-insulin is a potential radioligand for 
in vivo quantification of plasma insulin binding to tissue receptors in humans. 


790 

Thermic effect of glucose in diabetes mellitus 

Z. Rusavy, Z. Jankovec, P. Tesinsky, S. Lacigova, D. Cechurova 

Department of Medicine I, Charles University Hospital, Plzen, Czech Republic 

Backgroud: Thermic effect of food is the amount of energy, which is necessary for 
its oxidation. In a mixed meal it is calculated as 10% of the contents of energy and this 
ratio is similar in parenteral and enteral nutrition. The values of thermic effect of 
nutrients are approximately 5% for glucose, 24% for protein, and 15 % for lipids. 

Aim of study: To compare the thermic effects of glucose in diabetic patients and 
normal volunteers. 

Patients and methods: 26 diabetes mellitus type 2 patients (age 54.S+-8.5 years, 
BMI 29.7+-5, fasting blood glucose 7.5+-2.6 mmol/1, fasting insulinaemia 24.9+-20.1 
mIU/1, HbAlc 7.9+-1.5 %) and 12 healthy controls were enrolled into the study. A 3- 
hour oral glucose tolerance test (75 g glucose) with frequent blood sampling (insulin, 
glucose) associated with indirect calorimetry measurement for 20 minutes in a canopy 
mode (Deltatrac, Datex) was performed in the morning hours in a fasting state. The 
variables were tested a! the times 60, 120, 180 min. after the ingestion of glucose. 
Insulin resistance severity was calculated from the insulin and glucose blood levels 
(Matsuda, 1999) and it was correlated to energy expenditure (EE/m2), C02 
production and respiratory quotient (RQ). 

Statistical analysis: Means +- SD were calculated for the group specification and the 
non - paired WiJcoxon test and analysis of variance (ANOVA) were used for the 
statistical analysis. 

Results: In the basal state, the EE/m2, C02 and RQ values were comparable between 
the groups. In diabetic patients, the EE/m2 showed no significant differences in time 
(953+-95.6,964+-101.4,944+-86.0,935+-78.I). In volunteers, EE/m2 increased at 60 
min. (909+-166.3, 985+-174.9, p<0.001), it decreased at 120 min. (951+-156.0; 
p<0.05) and it dropped to the basal value at 180 min. (908+-129.9, p<0.001). The C02 
production and RQ values had similar characteristics. The correlation between the 
parameters of insulin resistance was not significant. 

Conclusion: The EE/m2, C02 production and RQ were comparable in diabetic 2 
patients and volunteers in a fasting state. The EE/m2, C02 and RQ in healthy people 
increased significantly after ingestion of glucose with normalisation after 3 hours. The 
thermic effect of glucose was very low in diabetic patients. Nevertheless, this 
difference could not be explained with insulin resistance in this study. 
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PARTITIONING GLUCOSE TRANSPORT/DISTRIBUTION AND 
DISPOSAL DURING EUGLYCAEMIC CLAMP 

F Shojaee-Moradie, PV Carroll, LJ Chassin, IJ Gowrie, NC Jackson, RH 
Jones, RS Tudor, AM Umpleby, R Hovorka, St Thomas Hospital, London, 
City University, London, UK 

Background and Aims: We have separated the effect of insulin on glucose 
transport/distribution (GT) and glucose disposal (GD) during glucose clamp 
using a dual tracer dilution methodology. Materials and Methods: 6 healthy 
male subjects (age 33±3 yr, BMI 22.7±0.6kg m' 2 ; mean±SE) underwent a 4h 
two-stage (subjects 1 & 2:1 and 8mU kg' 1 min' 1 , subjects 3-6:0.5 and 2.5mU 
kg* , min' 1 ; insulin infusion) double-tracer (background infusion of and cold 
glucose spiked with D-[6,6- 2 H 2 ]glucose and 3-0-methyl-D-glucose) 
euglycaemic clamp preceded by a 2h basal period (both tracers 
administered) and followed by a 2h recovery period. Overall 98 samples 
were taken every 2-10min and were analysed for insulin, glucose, D-[6,6- 
2 H 2 ]g!ucose, and 3-0-methyl-D-glucose. A new two-compartment model 
described kinetics of the two glucose tracers and represented the effect of 
insulin on GT'and GD. Results: Modelling 3-0-methyl-D-glucose showed 
that insulin stimulation of GT is saturable. GD could be represented as a 
non-saturable process. The model gave dose response curve of glucose 
clearance (Vmax ~20ml kg' 1 min' 1 , Km - 70mU/l) and partitioned insulin effect 
into two components representing insulin sensitivity of GT (S iT ) and insulin 
sensitivity of GD (S iD ). At basal insulin, S lT was higher than S| D (39.3±5.6 vs 
11.3+2.7x10 2 ml kg^min' 1 per mU/l at 10mU/l). With increasing insulin, S 1T 
decreased faster than S, D with a point of intersection at -70mU/I (S iT and S i0 
5.2+1.1x10' 2 ml kg^min' 1 per mU/l). At higher insulin S| T was smaller than Sj 0 
(1.0±0.3 vs 1.5±0.4x10' 3 ml kg' , min' 1 per mU/l at 200mU/l). Conclusions: In 
healthy subjects, saturability of glucose clearance at euglycaemia can be 
fully explained by saturability of GT, At plasma insulin below 70mU/l, insulin 
acts primarily by stimulating GT, at higher insulin by stimulating GD. 
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SUPPRESSION OF SPLANCHNIC GLUCOSE PRODUCTION BY INSULIN 
DETEMIR IN HUMANS REFLECTS CHANGE L\ NEFA AVAILABILITY’. 

M.Hamilton-Wessler, TA.Buchanan, H.Haahr*, S.Hanks, R-Bajwa, F.Berrios, E.Ross, 
S.Nakao and RN. Bergman. USC Keck School of Medicine, Los Angeles, USA and 
•Novo Nordisk AS, Denmark. 

Background and Aims: Between-meal blood glucose control is due in part to control 
of glucose production by basal insulin. Fatty acid acylated insulins have been 
developed for reproducible basal insulin replacement in patients with diabetes 
mellitus. A soluble insulin analog, Lys B:9 -{N <p,:lon -tetradecanoyi) des(B30) human 
insulin (or insulin detemir, ID), binds to albumin resulting in protracted action. We 
examined splanchnic glucose balance (SGB) and non-esterified fatty acid (NEFA) 
extraction during peripheral ID or human insulin (HI) infusion. Materials and 
Methods: Paired experiments of ID or HI infusion at 10.8 pmol/min/kg for 540min 
(n=10 normal healthy males, age 29-48 years) were performed. Splanchnic A-V 
differences and blood flow were measured via femoral artery and hepatic vein 
sampling. D-g!ucose-6,6-d2 was infused throughout for glucose turnover assessment. 
Euglycemia (93±1 mg/dl) was maintained by labeled glucose infusion. Results: 
During ID infusion, splanchnic NEFA extraction decreased from basal of 0.10±0.02 
to steady state of 0.03±0.01 mmol/min (p<0.01), and during HI from 0.09±0.02 to 
0.001 ±0.002 mmol/min (p<0.01 vs. basal and ID). Consistent with the protracted 
action, ID dynamics (halftimes) for suppression of NEFA extraction were slower vs. 
HI (57±10 vs. 2l±3 min; p<0.01). Tracer-estimated whole body glucose production 
(EGP) was equally suppressed to 26±5% of basal for ID and HI. Concomitant SGB 
declined during ID from basal of 1,4±0.1 (production) to -0.3±0.2 mg/min/kg (uptake) 
at steady state; and during HI from 1.6±0.I to -0.8±0.2 mg/min/kg (p=NS between 
groups). Dynamics of EGP and SGB suppression were similar to dynamics of NEFA 
extraction, albeit protracted for ID vs. HI (43±5 min vs. 23±2 min; p<0.01). A 
change in SGB was closely associated with a change in splanchnic NEFA extraction 
(i**0.79 for ID, ^=0.90 for HI; p<0.05 for both). Conclusions: These data show 1) 
protracted action of ID suppression of glucose production and NEFA extraction, and 
2) for both ID and III, a decrease in splanchnic NEFA extraction is associated with a 
decrease in splanchnic glucose production. In humans, control of splanchnic glucose 
production by HI and ID appears closely linked to NEFA availability. 
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EFFICACY AND SAFETY OF 6-MONTH TREATMENT WITH INSULIN 
DETEMIR IN TYPE 1 DIABETIC PATIENTS ON A BASAI^BOLUS 
REGIMEN 

A. Roberts, E. Standi, T. Bayer, E. Munksgaard and H. Lang. Ashford, Australia; 
Institut fur Diabetesforschung, Germany and Novo Nordisk, Denmark. 

Background and Aims: Insulin detemir is a soluble, basal insulin analogue with 
neutral pH. The efficacy and safety of insulin detemir was compared to NPH in a 6- 
month, multi-centre, multi-national, open, randomised, parallel trial in Type 1 diabetic 
patients on a basal (twice dai!y)-bolus regimen with human soluble insulin as bolus 
insulin. 

Materials and Methods: A total of 460 patients with no clinically significant 
diseases or diabetic complications were exposed (287 men and 173 women). 

Results: Mean (SD) age: 39.2 (12.9) years; mean duration of diabetes: 14.7 (10.0) 
years; mean BM3: 25.3 (3.3) kg/m2: mean HbAlc: 7.6 (1.2) %. 421 (91.5%) patients 
completed the trial (insulin detemir: 212, NPH: 209). Insulin detemir provided similar 
glycaemic control when compared to NPH, as measured by HbAlc, 9-point blood 
glucose profiles and fasting plasma glucose (FPG) after 6 months of treatment. 
HbAlc was comparable for insulin detemir and NPH with an absolute mean 
difference between treatments (insulin detemir-NPH) of 0.08% point and a 95% Cl of 
[-0.05; 0.22]. No statistically significant difference in FPG was found between 
treatments (p=0.78), and 9-point blood glucose profiles for insulin detemir and NPH 
were comparable. There was a tendency towards lower intra-patient variation in 
fasting blood glucose (FBG) for insulin detemir indicating more predictable FBG 
levels (not statistically significant, p=0.06). The safety profiles were comparable 
between the two treatments, with no safety concerns. The number of patients with 
hypoglycaemic episodes was not statistically significantly different between the two 
treatments. 

Conclusions: Insulin detemir provided comparable glycaemic control and a similar 
safety profile when compared to NPH in patients with Type 1 diabetes on a basal- 
bolus regimen. 
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DOSE RELATIONSHIP BETWEEN INSULIN DETEMIR AND NPH: A MULTI¬ 
CENTRE, OPEN, TWO-PERIOD TRIAL IN TYPE 2 DIABETIC PATIENTS 
O. Schmitz 1 , R. Gray 2 , A. Kristensen 3 , A. Qwist 3 and M. Axelsen 3 . ‘Aarhus University 
Hospital, Denmark; 2 St. John’s Hospital, United Kingdom; 3 Novo Nordisk, Denmark. 
Background and Aims: Insulin detemir is a new soluble, basal insulin analogue with 
neutral pH developed to cover basal insulin requirements. Previous clinical trials have 
suggested that the molar dose of insulin detemir should be higher than that of NPH to 
obtain the same blood glucose (BG) control. The primary objective of this trial was to 
estimate the ratio between doses of insulin detemir and NPH required to give com¬ 
parable mean BG profiles. Materials and Methods: 58 Type 2 diabetic patients (30 on 
NPH and 28 on human pre-mixed insulin (Pre-Mix)) were enrolled in the trial, which 
comprised two treatment periods: Period I (2 weeks) on NPH or Pre-Mix once or twice 
daily (patient’s usual regimen) and Period 2 (up to 5 weeks) where patients on NPH 
were transferred to insulin detemir and patients on Pre-Mix were transferred to insulin 
detemir + human soluble insulin. The regimen remained unchanged throughout the 
trial. The dose of insulin detemir was adjusted to provide a mean BG profile equal to 
that obtained with NPH or Pre-Mix (± 10%). The following endpoints were analysed: 
The doses and the ratio between doses of insulin detemir and NPH required to obtain 
comparable BG profiles, the mean BG level following insulin detemir and NPH 
treatment, the incidence of hypoglycaemia and adverse events, and standard safety 
parameters. Results: Comparable mean BG profiles were obtained with insulin detemir 
and NPH in both treatment groups. The mean BG level was approx. 9.4 mmoI/L at the 
end of each treatment period. The absolute mean difference (insulin detemir-NPH) in 
BG level at the end of each treatment period was 0.02 mmol/L, 95% Cl [-0.22; 0.25] 
for the NPH group and 0.08 mmol/L, 95% Cl [-0.15; 0.31] for the Pre-Mix group. The 
mean ratio between molar doses of insulin detemir and NPH was 4.06, 95% Cl [3.23; 
5.11] for the NPH group and 3.60. 95% Cl [3.19; 4.07] for the Pre-Mix group. 
Conclusions: Comparable mean BG profiles could be obtained, when approx. 4 times 
higher molar doses of insulin detemir were used. Standard safety parameters and oc¬ 
currence of hypoglycaemia and adverse events were similar for both treatment groups. 
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LESS SYMPTOMATIC HYPOGLYCEMIA WITH INSULIN GLARGINE 
COMPARED TO NPH IN PATIENTS WITH TYPE 2 DIABETES. 

V. Fonseca, D. Bell, and T. Mecca. Tulane University, New Orleans, LA, USA. 

Background and Alms: Insulin glargine (LantusS), a human insulin analog that 
provides constant peakless insulin absorption from the injection site, has a prolonged 
duration of action compared to NPH human insulin. 

Materials and Methods: In a multicenter, randomized, parallel group study, insulin 
glargine was compared with NPH in patients with type 2 diabetes previously treated 
with once a day NPH. Patients received a once a day dose (at bedtime) of either 
insulin glargine or NPH and w ere allow ed to use preprandial regular insulin as part of 
their daily regimen. A total of 100 patients (mean age 57.9 years, mean 
glycohemoglobin (GHb) 8.4%, mean fasting blood glucose [FBG] 9.3 mmol/L) were 
treated for up to 28 w eeks. 

Results: Patients treated with insulin glargine and NPH achieved similar reductions 
from baseline for GHb (-0.35% vs. -0.44%, respectively) and for FBG (-0.95 mmol/L 
vs. -1.13 mmol/L, respectively). The percentage of patients reaching target FBG of 
<6.66 mmol/L at endpoint was also similar for patients treated with insulin glargine 
(29.5%) compared to patients treated with NPH (22.7%; p=0.613). In addition, there 
was no difference betw een insulin glargine and NPH in the proportion of patients who 
achieved a GHb of either <7% or <8%. The baseline and endpoint mean total daily 
dose of insulin glargine (27IU, 33IU,respectively) was similar to NPH (26IU, 
30rU,respectively). However, fewer patients reported at least 1 episode of 
hypoglycemia symptoms with insulin glargine (46.2%) than those treated with NPH 
(60.4%; p=0.0488). Furthermore, the percentage of patients reporting a symptomatic 
hypoglycemia event confirmed by a blood glucose value of <2.8 mmol/L was less 
with insulin glargine (17.3%) than with NPH (31.3%; p=0.0017). A similar percent of 
patients treated with insulin glargine (15.4%) reported nocturnal hypoglycemia 
symptoms compared to NPH (27.1%; p=0.0805). 

Conclusions: Bedtime insulin glargine was as effective as bedtime NPH in improving 
glycemic control, but with fewer patients reporting hypoglycemia symptoms and 
confirmed hypoglycemia events. 
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A bedtime carbohydrate snack for the prevention of nocturnal hypoglycacmia in 
Type 1-diabetic patients treated with once daily insulin glargine 
A. Lueg, S. Schnar, B. Willms, MA. Nauck. 

Diabeteszentrum Bad Lauterberg, Germany. 

Background and Aims: The typical insulin concentration peak of NPH-insulin 3-4 
hours after injection led to the recommendation of a bedtime snack in order to avoid 
nocturnal hypoglycaemia. The profile of insulin glargine is a constant insulin 
concentration over 24 hours. It was the aim to study, whether a bedtime snack has 
also to be recommended when using the long acting analogue. 

Materials and Methods: 20 patients with Type 1 diabetes (12 female, 8 male; age 47 
± 14 years, diabetes duration 17 ± 13 years, BMI 26.6 ±3.5 kg/m*) were studied twice 
(crossover-design). In a randomised protocol they received a bedtime snack (20g 
carbohydrate as coarse wholemeal bread) or not From 6:00 p.m. to 8:00 p.m. of the 
following day blood glucose was frequently measured and between 10:00 p.m. to 8:00 
p.m. of the following day symptomatic and chemical (< 2,8 mmol/1) hypoglycaemic 
episodes w ere recorded. Statistics: RM-ANOVA and Fisher's exact test. 

Results: The plasma-glucose profile with and without bedtime snack was 
significantly different (p<0.0001). The differences (lower values without bedtime 
snack) were evident at 0 00 a.m. (5.94 ± 0.56 mmol/1 vs. 8.39 ± 0.5 mmol/1; 5.17 ± 
0.56 mmol/1 vs. 7,83 ± 0.61 mmol/1; both p = 0.003). While only one case of 
symptomatic hypoglycaemia was recorded with a bedtime snack, 9 patients had 
symptomatic hypoglycaemia (2,33 ±0.11 mmol/1) and one has non-symptomatic 
hypoglycaemia (2,78 mmol/1; p - 0.008). 

Conclusions: Nocturnal blood glucose decreases even with the once daily injection of 
insulin glargine. Nocturnal hypoglycaemia can be prevented with bedtime snacks. If a 
patient wishes to leave out bedtime snacks, this has to be tested individually. 
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Comparison Between Different Regimens of Basal Insulin Supplementation in 
the Prevention of Nocturnal Hypoglycemia in Intensive Treatment of TI DM 

F. Porcellati, S. Pampanelli, C.G. Fanelli, P. Rossetti, E. Torlone, E. Costa, C. 
Cordoni, P. Brunetti and G.B. Bolli 

To compare different options of replacement of basal insulin in Tl DM, 29 Tl DM 
patients on intensive treatment were randomized to receive either: i)four daily NPH 
administrations (at each meal, in combination with insulin lispro, and at bed-time, 
N=10); ii)glargine once daily at dinner-time (N=10), and iii)continuous subcutaneous 
insulin infusion (CSII, N=9) for four weeks. All groups received lispro insulin at 
meal-time. During the last week of treatment, the patients were monitored overnight 
on two occasions, after either the usual dose of basal insulin, or, 2-4 days apart, after a 
15% increase in the dose of night-time basal insulin aiming at normal fasting plasma 
glucose (PG). On the first occasion, with NPH, plasma insulin peaked at 02:30 h to 
192±13 pmol/1 and then decreased to 64±4 pmoll at 08:00 h. PG initially decreased 
to a nadir of 6.1 ±0.6 mmol/1 at 03:30 h, and then increased to 8.2±0.7 mmol/1 at 08:00 
h. Three patients had asymptomatic hypoglycemia (PG <4.0 mmol/1) between 02:00 
and 04:30 h. After the usual dinner-time glargine dose and usual rate of CSII, 
overnight plasma insulin and PG remained nearly flat, no patient had hypoglycemia, 
and at 08:00 h PG was 7.3±0.4 and 7.2±0.2 mmol/1, respectively (p<0.05 vs NPH). 
On the second occasion, after the 15% increase in NPH dose, PG decreased to a nadir 
of 4.6±0.7 mmol/I between 04:00 and 05:00 h, and was 6.9±0.9 mmol/1 by 08:00 h. 
In 7 patients glucose had to be infused from 02:00 to 07:30 h to prevent PG <2.8 
mmol/1. With the 15% increase in the dose of glargine and rate of CSII, PG decreased 
between 24:00-08:00 h from 7.1 ±0.4 to 5.8±0.2 mmol/1 and from 6.2±0.2 to 5.6±0.2 
mmol/1, respectively (p=NS). No patient had hypoglycemia. Intra-patient coefficient 
of variation (CV) of plasma insulin was lower in both study occasions with glargine 
(12±3% and 10±2%) and CSII (8±2% and 10±2%) vs NPH (32±2% and 27±4%) 
(p<0.05), as it was the CV of PG (glargine 7±1% and 10±1%, CSU 7±1% and 1Q±1%, 
NPH I5±4% and 23±2%) (p<0.05, glargine and CSII vs NPH)- It is concluded that 
s.c. NPH insulin is a suboptimal approach as compared to glargine insulin and CSU to 
near-normal ize PG in the post-absorptive state because of the high risk for nocturnal 
hypoglycemia. S.c. glargine insulin and CSII appear similarly suitable approaches to 
intensify blood glucose control in the post-absorptive state of Tl DM. 
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KINETICS AND METABOLITE PROFILE OF INSULIN GLARGINE 
(LANTUSQ) 

G.U. Kumel, J. Sandow, G. Seipkc, A.M. Lens, J. Maas and HJ, Skrzipczyk. 
Avtntij Pharma, Fraalcfurt-Miin, Germany 

Background and Aims: Insulin glargine, a once-daCy depot insulin, provides a 
basal insulin supply for 24 hours following subcutaneous injection. Hcxamer 
complexes at the injection site gradually dissolve, the soluble monomer is absorbed. 
Kinetics and metabolism were studied in mouse, rat, rabbit, dog and human. 
Materials and Methods: Animals were treated by intravenous end subcutaneous 
injections. Insulin glargine and octive metabolites were measured by RIA using a 
specific human insulin antibody with 56% cross-reactivity for insulin glargine (M0) 
2 nd 47-55% for its active metabolites (Ml, M2). In some studies, free insulin 
glargine was measured after removing endogenous antibodies by precipitation. 
Insulin antibodies were dctenniited by a validated tracer-binding test Results: 
After iv. injection, insulin glargine disappeared rapidly from the circulation similar 
to regular bumar insulin. After s.c. injection, m I-label!ed iri^iHr. glargine showed a 
sig n i fican tly delayed elimination, up to 24 hours, depending on species. The time 
course was closely correlated with the pharmacodynamics of blood ghiccse 
lowering activity. In repeated d09e studies in dogs, there was no accumulation of 
insulin glargine, and no antibody formation, fn vitro and in metabolism sfiidies 
indicated that degradation proceeds via C-terminal cleavage of the (B31, B32] 
arginines followed by cleavage of the [B29-Lys,B30-ThrJ bond. Degradation 
products detected in die various studies were [A21-Gly,B31 -Arg]-insulin, [A21- 
Glyj-msuln (Ml) and [A21 -Gly,B30-(desTbr)]-ui5ulin (M2). Parent compound and 
metabolites Ml, M2 are biologically active. Plasma of r&5 and dogs contained 
more degradation products than human plasma. Active immunisation studies in 
animals showed lower or similar immunogenic potential than human, porcine and 
bovine insulin. Conclusion; Insulin glargine has a slower absorption and prolonged 
duration of action than conventional insulin depot preparations. Metabolites are 
closely related to human insulin. 
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Eitremely Prolonged Action of the Dicarboijiic Acid Ac} fated Insulin Analog 0346 
after Intravenous Injection in Dogs 

M. Ellmerer, M Hamilton-Wessler, S.P. Kim, M.K. Dea, E. Kirkman, 

A. Perianayagam, D. A Davis, J. Markussen, R.N. Bergman 
USC Los Angeles, CA and Novo Nordisk, Denmark 

Background and Aims: Development of soluble human insulin analogues with a very 
prolonged and reproducible action is crucial for the provision of stable basal insulin and 
normalized glucose homeostasis in diabetes management In the present study we 
examined metabolic effects and plasma and interstital fluid (ISF) kinetics of fatty acid 
acylated insulin, Lys^fN* 1 ^ 100 -omega-carboxy-nonadecanoyl) -desB30 human insulin 
(0346) an analog of the B29 lysine acylated family with very high albumin binding 
affinity (36 ♦ 105 M 1 ; 37C). 

Materials and Methods: Euglycacmic clamps with somatostatin (0.8mg/min per kg) and 
basal replacement insulin (0.2mU/min per kg) infusion were carried out in 13 male 
mongrel dogs under inhalent anaesthesia. 3-3H-D-glucose was infused to determine 
glucose turnover. Saline control (n=3), or intravenous injection of 0346 (15U/kg, n=8) 
experiments w ere performed for a period of 8h. Plasma and ISF insulin concentration data 
was fit to a 2 compartment (plasma and ISF) model. 

Results: After intravenous injection a t l/2 for the clearance of 0346 from plasma of 420 
min and a t w for the appearance of 0346 in ISF of 150 min was measured. Glucose 
disposal was 'well correlated with the ISF 0346 concentration (r=0.87, p<0.001) as 
previously reported for native insulin as well as analogs with affinity for albumin less than 
0346 (e.g./NN304 r ). Glucose disposal with 0346 was increased 4-fold over basal at t=480 
min compared to pre-injection (t=0 min) or saline control (t=480 min). 0346 Plasma 
elimination and transendothelial transport was 0.2% and 3.5% of regular insulin 2% and 
50% of NN304. Combination of in vivo results and compartmental modelling suggest that 
0346 has about 20% of the potency of regular insulin in dogs. Maximal stimulation of 
glucose disposal was estimated to occur 1 Oh after intravenous injection of the analog. 
Conclusions: This study demonstrates that the dicarboxylic acid acylated insulin analog 
0346, with very high binding affinity to albumin, is active in dogs. The compound acts 
very slowly, but its effect on glucose disposal rate can be maintained for at least 8 hours. 
0346 kinetics suggests that the plasma compartment acts as a storage compartment for 
0346 from which the analog is slowly released to insulin sensitive tissues. The reason for 
the lower potency of the analog remains to be elucidated 
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A RANDOMIZED TRIAL OF INSULIN ASPART WITH INTENSIFIED 
BASAL NPH INSULIN SUPPLEMENTATION IN TYPE 1 DIABETES 
J.H. DeVries', A. Lindholm 2 , R.J. Heine' and P.D. Home* for the Tri-Continental 
Insulin Aspart Study Group; 'VU Medical Centre, Amsterdam, NL; *Novo Nordisk 
A/S, Bagsvaerd, DK; 3 The Medical School, Newcastle upon Tyne, UK 

Background and Aims: Insulin aspart (aspart), a rapid-acting insulin analogue, has 
been shown to result in improved postprandial glycaemic control. We tested the 
hypothesis that aspart combined with intensified basal NPH insulin supplementation 
results in improved overall glycaemic control, compared to human insulin and 
standard NPH insulin. Materials and Methods: People with type 1 diabetes were 
randomized to 15 months treatment with aspart (80% of previous human insulin 
dose) as mealtime insulin with additional NPH doses if meals were >5 hours apart 
and a 25% increase in bedtime NPH (n=187), or human insulin with once or twice 
daily NPH insulin (n=l 81). Efficacy and safety were evaluated at 3 months (primary 
evaluation period) and 15 months. Results: An algorithm-driven reduction in 
mealtime insulin dose by 13% and an increase in basal insulin dose by 35% resulted 
in a non-significantly (p=0.22 and p=0.13) lower HbA le in the aspart group (-0.09%, 
95%CI -0.23% - +0.05%, and -0.14%, 95%CI -0.32% - +0.04%, at 3 and 15 
months). Postprandial glucose values at 3 months were lower in the aspart group 
than in the human insulin group: post-breakfast 8.27 ± 0.32 vs 9.31 ± 0.32 mmol/1 
(±SEM) (p=0.0137), post-lunch 7.4 ± 0.25 vs 8.37 ± 0.25 (p=0.0037), post-dinner 
8.22 ± 0.28 vs 8.87 ± 0.28 (p=0.081). The differences at 15 months were similar. No 
significant differences were found in hypoglycaemia or adverse event rate. There 
was no difference in treatment satisfaction (WHO Diabetes Treatment Satisfaction 
Questionnaire) and health related quality of life (Diabetes Health Profile) at three 
months, but at 15 months treatment satisfaction was higher in the aspart group: 
difference 1.57 points (95%CI 0.49-2.64 , p=0.004). Conclusions: Improved 
postprandial glycaemic control and treatment satisfaction with insulin aspart were 
confirmed. Intensified basal insulin supplementation resulted in a similar HbAi c 
decrement as previously found with aspart and NPH insulin once or twice daily. 
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The Effect of Insulin Aspart on Postprandial Metabolism and Metabolic Outcome in 
Type 2 Diabetes. 

A Gallagher and P.D. Home. Human Metabolism and Diabetes Research Centre, 
University of Newcastle upon Tyne, Newcastle upon Tyne, UK- 

Background and Aims: Type 2 diabetes is associated with a wide variety of metabolic 
and haemostatic abnormalities including dyslipidaemia, raised albumin excretion rate 
(AER), excessive fibrinogen and low fibrinolytic activity with high plasminogen activator 
inhibitor 1 (PAI-1) levels. Elevated markers of endothelial dysfunction such as E-selectin 
and high levels of homocysteine are also thought to contribute to the adverse risk of 
arterial disease in Type 2 diabetes. We aimed to examine whether the restoration of a more 
physiological insulin profile, using rapid-acting insulin aspart to reduce postprandial 
hyperglycaemia, would have any effect on the metabolic and haemostatic abnormalities in 
Type 2 diabetic patients. 

Materials and Methods: Insulin-treated Type 2 diabetic patients (0=21), mean age 66 ± 1 
yr, BMI30 ± 0.5 kg/m2, duration of diabetes 11 ± 1 yr, were recruited into a single centre, 
randomized, crossover, double-blind study. After a 4-week run-in period patients were 
randomized to human unmodified insulin or insulin aspart before main meals, both with 
basal NPH, for 6-week study periods. Treatment targets were 4.0-6.0 mmol/I preprandially 
and 5.0-7.5 mmol/1 postprandially in the absence of hypoglycaemia. At the end of each 6- 
week treatment period metabolic control was assessed and a test meal study performed 
Fasting levels of metabolic parameters were measured and AER was estimated using the 
results of three timed overnight urine collections. Patients were crossed over to the 
alternative pre-meal insulin for a further 6 weeks. 

Results: There was no difference in HbAic (mean ± SE: 7.04 ±0.13 vs 7.15 ± 0.11 %, 
p=0.060) or ffuctosamine (362 ± 9 vs 371 ± 13 pmoLl, p=0.312) with insulin aspart 
compared to unmodified human insulin. Postprandial blood glucose at 90 min was lower 
with insulin aspart than with unmodified human insulin (8.4 ± 0.5 vs 9.2 ± 0.6 mmoll, 
p=0.046). No significant differences occurred in fasting levels of total cholesterol, HDL- 
cholesterol, triglyceride, apolipoprotein AI, apolipoprotein B, fibrinogen, PAI-1, E- 
selectin, or homocysteine between the two groups. AER was only significantly reduced 
(median(range): 4.7(2-2473) vs 8.0(2-3298 pg/min), p^0.039) in patients with improved 
postprandial control on insulin aspart (n=15). 

Conclusions: Insulin aspart use thus resulted in improved postprandial glycaemic control 
when compared to human insulin in Type 2 diabetic patients. This was associated with 
reduced AER, but was without changes in other markers of vascular risk. 
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INSULIN ASPART SAFE FOR LONG-TERM TREATMENT 
S. Ami el, P. D. Home, J. L. Jacobsen and A. Lindholm; for the insulin aspart study 
group; King’s College School of Medicine and Dentistry, London, United Kingdom, 
Human Diabetes and Metabolism Research Centre, University of Newcastle upon 
Tyne, United Kingdom and Novo Nordisk A/S, Bagsvaerd, Denmark 

Background and Aims: Previous attempts to improve glycaemic control with 
intensive therapy of type 1 diabetes have been associated with a three-fold increase in 
severe hypoglycaemia. Intensive therapy with the rapid acting insulin analogue, 
insulin aspart, has been shown to be associated with a small reduction in HbAic over 
6 months compared with human soluble insulin without any adverse impact on major 
hypoglycaemia. We hereby report on the efficacy and safety of insulin aspart in a 
three-year study. Materials and Methods: The study was a multi-centre, open- 
labelled, parallel-group, 2% year extension study in adult patients with type 1 
diabetes. In the initial six-month trial patients were randomised 2:1 to insulin aspart or 
unmodified human insulin before meals, with NPH-insulin as basal insulin. 753 
subjects continued their allocated treatment in the extension trial. Efficacy and safety 
were evaluated for 2 Vi years of exposure. The main outcomes measured were 
hypoglycaemia, classified as major (requiring third party intervention) or minor, 
adverse events, and blood glucose control as assessed by HbAic. The relative risk of 
major hypoglycaemic episodes was estimated from a comparison of the frequencies of 
episodes with insulin aspart and human insulin in a longitudinal generalised linear 
Poisson regression model. HbAic was compared using a repeated measures ANOVA 
model. Results: Mean HbAic, adjusted for baseline, country and total daily dose, was 
0.17 absolute percentage points lower with insulin aspart than with human insulin 
(95% CL-0.32 to -0.02, P=0.028). The risk of experiencing a major hypoglycaemic 
episode with insulin aspart was the same as with human insulin: The relative risk was 
1.00 (95% Cl: 0.72-1.39, NS). The relative risk of experiencing a minor 
hypoglycaemic episode was reported to be 1.24 with insulin aspart: (95% Cl: 1.09- 
1.39, P = 0.02). Only 1% of the subjects in each treatment group withdrew due to 
adverse events; relation to trial drug was unlikely in all cases. Overall, more patients 
on human insulin than on insulin aspart withdrew from the study: 59 (32% of 
subjects) vs. 96 (17% of subjects). Conclusions: Insulin aspart was proven safe for 
long-term use. HbAic was maintained with insulin aspart without any adverse impact 
on the rate of major hypoglycaemia. 
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INSULIN ASPART EFFICACY AND SAFETY COMPARED TO HUMAN 
SOLUBLE INSULIN AND HUMAN PREMIX INSULIN (30/70) IN PATIENTS 
WITH TYPE 2 DIABETES MELUTUS 

R.G. Bretzell, J. Medding2, S. Hirschberger2, T. Linnl, IThird Medical Department, 
Justus-Liebig University, Giessen, Germany; 2Novo Nordisk, Mainz, Germany. 

Aims: The aim of the present study was, in an open-labelled, randomised, 3-arm 
parallel-group design including a 1-3 weeks titration period and a 3 months 
maintenance period to compare in patients with OHA or premix insulin treated type 2 
diabetes the efficacy and safety of (1) preprandial insulin aspart (IAsp) (with or 
without bedtime NPH insulin), (2) preprandial human soluble insulin (HI) (with or 
without bedtime NPH insulin), (3) with human premix insulin (MIX) (once or twice 
daily). 

Patients and Methods: 231 (130 M/ 101 F) type 2 patients from 30 centres with a 
mean age of 62.2 (SD 8.8) years. Body Mass Index (BMI) 29.3 (SD 3.6) kg/m2, 
HbAic 7.81 (SD 1.12) %, diabetes duration 10.2 (SD 7.3) years were randomised to 
either IAsp (n=75), HI (n=80) or MIX (n=76), 204 patients completed the trial 
according to the protocol. HbAic, 7-point blood glucose (BG) profiles, fasting blood 
glucose, insulin dosage, hypoglycaemic episodes, adverse events and standard safety 
parameters w ere measured. The primary efficacy endpoint was the change of HbAic 
from baseline to the last visit. Analysis for equivalence was performed by T-tests with 
alpha = 0.83% for each of 3 subtests. 

Results: Equivalence with regard to HbAic between the 3 therapies could not be 
demonstrated. HbAic decreased by 0.91% (SEM 0.12) in the IAsp group, by 0.73% 
(SEM 0.10) in the HI group and by 0.65% (SEM 0.13) in the MIX group. 
Postprandial BG levels decreased most pronounced in the IAsp group: 8 to more than 
30 mg/dl when compared to the HI group, and 20 to more than 30 mg/dl when 
compared to the MIX group. The mean preprandial insulin doses per injection were 
similar in the IAsp (10-13 units) and the HI group (10-14.5 units). The hypoglycaemia 
ratio/ month exposed was 0.56 in the HI group, 0.40 in the IAsp group and 0.19 in the 
MIX group. 

Conclusion: Equivalence could not be shown between the 3 therapies. However, in 
this study population IAsp lead to better glycaemic control in terms of HbAic and 
postprandial BG levels when compared to HI and MIX. The treatment with IAsp 
revealed to be very safe and well tolerated. 
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Insulin aspart reduces the frequency of nocturnal hypoglycaemia in patients 
with Type 1 diabetes 

S. Colagiuri, S. Heller, S. Vaaler, BHR Wolffenbuttcl, K. Koelendorfi HH. Friberg, 
K. Windfield, K. Socndergaard and A. Lindholm. Prince of Wales Hospital, 
Randwick, Australia; Northern General Hospital, Sheffield, UK; Solli K linikk , 
Jessheira, Norway, Academisch Ziekenhuis, Maastricht, The Netherlands; Roskilde 
Amtssygehus, Koge, Denmark. 

Background and Aims: Trials with rapid-acting insulin analogues in basal bolus 
regimens have generally produced modest reductions in the rate of hypoglycaemic 
events and have been criticised for not being blinded. Previous non-blinded studies 
with insulin aspart have indicated a reduction in the rate of night time hypoglycaemic 
events. This double-blind, randomised, crossover trial compared the rapid-acting 
analogue insulin aspart (IAsp) and soluble human insulin (HI) with respect to the rate 
of hypoglycaemic events in an intensive basal-bolus setting. 

Materials and Methods: A total of 155 patients with Type 1 diabetes were 
symmetrically randomised to two 16-week treatment periods on either IAsp or HI, 
both injected 0-5 minutes before meals The treatment period was preceded by a 6 
week run-in period. During the treatment periods, NPH insulin was given as basal 
insulin once or twice daily as needed, and insulin dosages were adjusted regularly 
using predefined algorithms to maintain tight glycaemic control. Treatment periods 
were separated by a 4 week wash-out period. 

Results: The rate of major (requiring third-party intervention) nocturnal 
hypoglycaemic events (2400-0600h) was substantially reduced with IAsp treatment 
compared with HI treatment (0.017 v 0.056 events/month, p<0.005). Total major 
hypoglycaemic event rates tended to be low er with IAsp (0.071 v 0.093 events/month, 
NS). Furthermore, there were fewer minor hypoglycaemic events with IAsp treatment 
(2.98 v 3.19, p<0.05). No differences were found in HbAlc following the two 
treatments. 

Conclusions: IAsp compared with HI showed a marked 72% reduction in the relative 
risk of experiencing a major nocturnal hypoglycaemic event and also a significant 
reduction in the rate of minor hypoglycaemic episodes. This reduction was achieved 
with maintained glycaemic control. Thus these data demonstrate a clinically 
significant advantage of using insulin asprt in basal-bolus treated patients with Type 1 
diabetes. 
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EQUIVALENT GLYCEMIC CONTROL WITH PRE-MEAL OR POSTMEAL 
HUMALOG® MLX25™ IN ELDERLY PATIENTS WITH TATE 2 DIABETES. 
M. Herz, B. Sun, Z. Milicevic, and the Mix25 Study Group. Eli Lilly and Company, 
Indianapolis, IN, USA. 

Background and Aims: Postmeal insulin injections could be a useful option for 
elderly patients who forget a pre-meal injection or whose eating habits are 
unpredictable. We compared the effects on glycemic control of pre-meal injections of 
Humalog Mix25 (Mix25; 25% insulin lispro, 75% NPL), known as Humalog 
Mix75/25™ in the US, to those of postmeal injections of Mix25 in elderly patients 
with type 2 diabetes and inadequate control with sulfonylurea (HbAlc > 1.2-fold of 
upper limit of the normal range). 

Materials and Methods: This open-label, 16-week, parallel group study randomized 
patients (60 to 80 years old) into one of two groups: Mix25 injected either 
immediately before (n=37) or within 15 minutes after (n=35) the start of the breakfast 
and evening meals. Mean HbAlc, blood glucose (BG), and body weight in the two 
groups were not significantly different at baseline. 

Results: Endpoint HbAlc was similar in the pre-meal and postmeal groups 
(8.54+0.22% [mean±SEM] vs. 8.74±0.26%, P=.557). At endpoint, the daily BG 
profile showed these mean BG values (±SEM) (mM) for pre-meal and post-meal 
injection, respectively: fasting, 8.27±0.34 and 8.07±0.31, P=.673; 2 hr after breakfast, 
9.32+0.44 and 10.13±0.60, P=.280, pre-dinner, 9.72+0.52 and 9.81+0.40, P= 897; 2 
hr after evening meal, 9.79+0.42 and 10.45i0.47, P=386; overall daily BG, 
9.27i0.42 and 9.61i0.39, P=.555. Mean insulin doses in the pre-meal and postmeal 
groups were 0.42i0.03 U/kg and 0.5110.03 U/kg, respectively (P=033). The 
endpoint hypoglycemia rate (symptoms or BG<3mM) was low (0.56±0.42 
episodes/30 days vs. 0.06±0.04 episodes/30 days, P=.236). The groups did not differ 
significantly in body weight change from baseline to endpoint (P= 727). 

Conclusions: We conclude that in an elderly population, the injection of Mix25 either 
pre-meal or postmeal resulted in comparable overall glycemic control (HbAlc) with 
a low frequency of hypoglycemia. The postmeal injection of Mix25 is a safe 
therapeutic option that may be particularly useful for elderly patients with type 2 
diabetes. 
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Impact of conversion to insulin lispro therapy in obese patients with diabetes 
mellitus type 2 - an observational trial 

C. Kazda, T. Forst, K. Helsberg, U. Gudat and H. Lehnert. Lilly Deutschland, Bad 
Homburg and Dept. Endocrinology, University Magdeburg, Germany 

Background and Aims: A couple of new treatment opportunities for the treatment of 
type 2 diabetes have been developed during the recent years: This uncontrolled 
prospective observational study was performed to gain experience regarding the 
efficacy and safety of prandial insulin lispro treatment in obese patients with type 2 
diabetes mellitus under routine conditions. 

Materials and Methods: 4931 patients treated by 1087 physicians were included 
(2433 male, 2498 female; mean age 59.6+/-10.8 years (mean+/-SD); mean duration of 
diabetes 8.8+/-5.7 years; mean body mass index 31.2+/-4.6 kg/m 2 ). Patients were 
observed for a mean duration of 50.1+/-30.2 days. 

Results: Self measured blood glucose values improved significantly at all time points 
during the day (p<0.001) with a mean reduction of highest blood glucose values from 
16.2 +/-3.8 to 11.1+/-2.3 mmol/1 (p<0.001). Mean HbAlc levels decreased from 
9.2+/-1.5 before starting insulin lispro to 7.9+/-1.2 % at the end of the observational 
period (p<0.001). During the 4 weeks before starting insulin lispro, hypoglycaemic 
episodes had been reported in 132 patients (mean incidence: 2.1 episodes per patient); 
during the first 4 w eeks after start of insulin lispro in 66 patients (mean incidence: 1.5 
episodes per patient) (p<0.001). Mean body weight declined from 89.4+/-14.9 kg 
before conversion to insulin lispro to 88.2+/-14.7 kg at the end of the observational 
period (p<0.001). 

Conclusions: Switching to prandial insulin lispro therapy in obese patients with 
diabetes mellitus type 2 improves metabolic control without increasing body weight 
or hypoglycaemic events. The results of this observational trial, performed under 
routine conditions, confirm the beneficial effects of insulin lispro in type 2 diabetes 
observed in previous well controlled clinical studies. 
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BIPHASIC LNSULIN ASPART AND BIPHASIC HUMAN INSULIN 
COMPARED IN TYPE 2 DIABETIC SUBJECTS 

Bernhard Boehm, Philip Home, Niels Kamp, Anders Lindholm, Umversitatsklmikum, 
Ulm, Germany , University of Newcastle, Newcastle upon Tyne, England and Novo 
Nordisk A/S Krogshoejvej 51,2880 Bagsvaerd, Copenhagen, Denmark 

Background and Aims: The long-term safety of biphasic insulin aspart 30 (BIAsp 
30) was compared with a similar biphasic formulation of human insulin (BHI30). The 
mixtures consisted of 30% soluble and 70% protamine-bound insulin. Rates of major 
hypoglycacmia and adverse events, antibody formation and clinical laboratory 
parameters (CLP) were addressed. 

Materials and Methods: This was part of a 24-month randomised, open-label 
parallel group study comparing BIAsp 30 and BHI 30 taken twice daily before meals. 
125 subjects with Type 2 diabetes (58 in the BIAsp 30 and 67 in BIO 30 group) 
entered the trial. Major (requiring third party help) and minor (self treated) 
hypoglycaemic episodes were recorded from subject diaries. Antibody formation and 
CLPs were followed during treatment. 

Results: Ninety-five patients (76%) completed the 2-year treatment period. The 
frequency of major hypoglycaemic episodes was low, and decreased during the trial 
First treatment year: Four episodes in the BIAsp 30 and 11 in the BID 30 group. 
Second year; Zero and 8episodes, respectively in the two groups (p = 0.02). Minor 
episodes were also fewer in the BIAsp 30 group, especially in the second treatment 
year (p = 0.05). The number of adverse events (AEs) was similar in the two groups. 
Drug related AEs, Serious AEs, and diabetes related AEs w ere few and similar in both 
groups. Cross-reacting insulin antibodies increased initially, decreased later and were 
not statistically different in the treatment groups at end of trial. Mean values and 
standard error of means (SEM) were: 14.8 (3.1) in the BIAsp 30 group and 11.6 (2.5) 
in the BHI 30 group at end of trial. CLPs remained normal and stable in both 
treatment groups throughout the trial. Glycaemic control as assessed by HbAlc did 
not differ between groups: mean and (SEM) were 8.25 (0.14) in the BIAsp 30 group 
and 8.21 (0.13) in the BHI 30 group at 24 months. 

Conclusions: These results confirm the long-term safety and efficacy with BIAsp 30 
treatment in Type 2 diabetes. Over a 2-year period, the frequency of major episodes 
was lower than after treatment with BHI 30. 
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POSTPRANDIAL DOSING OF THE “LOWMIX” BIPHAS1C INSULIN ASPART 
Christoph Kapitza 1 , Leszek Nosck 1 , Anders Lindholm 2 , Grete Leth 2 , Silvia G. Co* 
deny 2 , Tim C. Heise 1 . 

’Profil Institute for Metabolic Research, Neuss, Germany; 2 Novo Nordisk A/S, 
Denmark. 

Background and Aims: We compared the effect of postprandial dosing of biphasic 
insulin aspart 30 (BIAsp) with preprandial or prandial dosing of BIAsp or Biphasic 
Human Insulin 70/30 (BHI) on glucose excursions. Materials and Methods: Thirtyone 
type 2 diabetic patients (57±6 years; 21 men; BMI 29±4 kg/m 2 ; HbA, c 8.7±!.3% 
(mean±SD)) received a standard breakfast in an open-label randomized four-period- 
crossover study. Postprandial BIAsp + j 5min was compared with prandial BIAspomin. 
BHIomin and preprandial BHLijoh* Insulin doses were chosen individually but were 
kept constant in each patient. Results: Serum glucose AUC corrected for baseline over 
5 h showed significantly lower values with BIAsp 0mio compared to BIAsp+i 5m i„ (ratio 
1.11,959tCI: 1.04-1.18; p<0.01 (ANOVA)). Postprandial BIAsp + i 5niia was comparable 
to prandial BHIomio (ratio 0.95, 9592CI: 0.89-1.02; NS) and preprandial BHLumin (ratio 
0.99, 95/20: 0.93-1.05; NS). Conclusions: Postprandial injection of biphasic Insulin 
Aspart as a new treatment option offers more flexibility to type 2 diabetic patients and 
does not impair postprandial blood glucose concentrations compared to human insulin. 
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INHALED INSULIN WITH AN IMPROVED SPIROS® DRY POWDER 
INHALER: DOSE-RESPONSE AND TIME-ACTION PROFILES 
Klaus Rave 1 , Douglas Muchmore 2 , Celedon Gonzales 2 , Jenny Y. Chien 2 , C. Steven 
Ernest II 2 , Leszek Nosek 1 , Lutz Heinemann 1 

’Profil Institute for Metabolic Research, Neuss, Germany; 2 Eli Lilly and Company, 
Indianapolis, IN, USA 

Background and Aims: This euglycaemic glucose-clamp study investigated the 
pharmacokinetics (PK), pharmacodynamics (PD), safety and tolerability of human 
insulin inhalation powder (HUP) delivered by an Spiros® dry powder inhaler system in 
healthy subjects. Materials and Methods: Twelve healthy, non-smoking volunteers 
(age 30±7 y; BMI 23.5±2.7 kg/m 2 ; mean±SD) with normal pulmonary function (FEVi 
and FVC) participated in an open-label, randomised, 6-period crossover trial. Each 
subject inhaled (1NH) 4 different doses of HIIP (2, 3, 4, and 5 blisterwells (B)) on 
separate occasions. For comparison, 2 doses of subcutaneous (SC) regular human 
insulin were injected (8, 14, or 20 U). Results: On average, serum insulin with inhaled 
insulin peaked 60 min earlier (insulin Tnu,; median (range)) than with SC injected 
insulin. Following inhalation GIR^ peaked 70 min earlier than with SC insulin 
(p<0.04). The dose response relationships of PK and PD were linear and were similar 
between inhaled and SC insulin. Dosing was well tolerated in all subjects. 
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Conclusions: This study demonstrated that oral inhalation of human insulin via the 
Spiros® DPI provides a promising and safe alternative method for administration of 
human insulin. 
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TIME ACTION PROFILE OF INHALED INSULIN VIA SPIROS DRY 
POWDER INHALER IS CONSISTENT AMONG USER INHALATION 
TECHNIQUES 

J.Y. Chien, S. D. Wise, K. Sathirakul, K. P. Yeo, D. Muchmore and R. P. Aftring. 
Lilly-NUS Centre for Clinical Pharmacology, Singapore and Eli Lilly & Co., USA 

Background and Aims: This study investigated the impact of breath-hold (BH) and 
inhalation duration (I) on the effect of insulin delivered via a novel breath-actuated, 
palm-sized, aerosol system that administers insulin upon inspiration, independent of 
the inspiratory flow rate. The Spiros DPI system is designed to deliver consistent 
insulin dosing independent of user inhalation technique. 

Materials and Methods: The euglycemic clamp technique was used to define the 
time-action profile following inhaled human insulin in a group of 6 healthy 
nondiabetic subjects aged 24+/-3yrs with a BMI of 23+/-1.7kg/m2. The study used a 
randomized crossover design where each subject received a single dose of inhaled 
insulin (2.3 lmg emitted) on 4 occasions. Standard dosing technique, I for 6 secs and 
BH for 10 secs (I6BHI0); alternative conditions tested were I6BH0, I6BH20, and 
I3BH10. Doses were given after a 10-hour fast, followed by a 10-hour glucose clamp. 
Samples were collected for insulin and C-peptide. Pharmacokinetic (PK) parameters 
were derived from serum insulin concentration vs time profiles. Pharmacodynamic 
(PD) parameters were derived from glucose infusion rate vs time profiles. 

Results: There were no statistically significant differences in PK or PD parameters 
between the various inhalation techniques. Standard dosing technique showed a 
profile of early action reflected in both PK and PD parameters. PK: mean peak 
insulin concentration (Cmax) I.13+/-0.59 ng/mL; mean time of peak (Tmax) 30 (15- 
90) min. PD: time of onset of insulin action (tonset) 16 (10-53) min; peak glucose 
infiision rate (Rmax) 23S+/-92 mg/min; time to peak (TRmax) 112 (42-240) min; 
time to 50% peak (TRmax/2) 35 (18-51). Dosing was well tolerated in all subjects. 
Conclusion: Inhalation of human insulin via the Spiros DPI produced a favorable 
time-action profile. Wide variations of inhalation duration and breath-hold parameters 
did not impact this profile, demonstrating consistent performance of the inhaler 
system and supporting further development of this promising drug delivery system. 
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Influence of small dose Lv^ s.c. and pulmonary insulin treatment on prandial glucose 
control in patients with Type 2 diabetes 

A. Pfutzner, L. Heinemann, S. Steiner, T. Forst, T. Heise, and K. Rave, PDC, New York, 
USA, IKFE GmbH, Mainz and Profil GmbH, Neuss, Germany 

Background and Aims: The lack of the first phase insulin release is one of the first 
deteriorations in Type 2 diabetes. The goal of this study was to explore the effect of a 
restoration of this fust phase release with small doses of preprandial insulin on 
postprandial glucose control using i.v. insulin treatment as comparator. 

Materials and Methods: This open randomized four-way crossover study was conducted 
with 12 patients (2 female, 10 male, mean(STD): age: 62(6) yrs, duration of diabetes 
10.5(8.3) yrs (range 2-21 yrs)). Before the uptake of a standardized meal, the patients 
received small doses of insulin formulations with a known fast onset of action: 3 IU of i.v. 
regular insulin (Tmax: -10 min), 6 IU of s.c. insulin lispro (Tmax: -45 min), and 12 IU, or 
24 IU of pulmonary Technosphere/Insulin (Tmax: -15 min). Observation parameters for 
the following six hours after the meal were: blood glucose, insulin, C-peptide, proinsulin, 
glucagon and free fatty acids. 

Results: The patients reacted differently to the intravenous therapy. While postprandial 
glucose values stayed below 180 mg/til in five patients (mean maximal value: 155.6 (30.2) 
mg/db'reponders', R), they exceeded this arbitrary limit in the other seven patients (210.1 
(49.3) mg/dl, p<0.01,'Non-responders', NR). A tendency for higher pancreatic secretion as 
indicated by higher second phase insulin, proinsulin and C-peptide concentrations was 
observed after about 3 h in the NR group (4h values, insulin NR: 25.6 (8.6) pU/ml, R: 16.5 
(14.1) jiU/ml (n.s.); proinsulin NR: 63.9 (24.1) pMol, R: 42.5 (16.0) pMol (p=0.116; 
p<0.05 at 6h), C-peptide NR: 4.8 (1.6) ng/ml, R: 3.7 (2.3) ng/ml, as.) . The free fatty acid 
levels as well as the glucagon concentrations tended to be more elevated in the NR group 
during the entire experiment No significant differences were seen in any of the 
observation parameters when the Lv. treatment was compared to any of the other three 
treatment arms with fast acting s.c. or pulmonary insulin formulations. 

Conclusions: In this exploratory pilot study it could be shown that preprandial insulin 
treatment with small doses of fast acting insulin formulations may be a suitable treatment 
for at least a subgroup of patients with Type 2 diabetes, most likely those in an earlier 
stage of the disease. Further research work is required to investigate the clinical 
specifications of the patients and the optimal therapeutic approach. Given the 
pharmacokinetic profile and the convenience of application, pulmonary 
Technosphere/Insulin may be an attractive candidate for this type of treatment. 


INTRA-SUBJECT VARIABILITY OF PULMONARY INSULIN VIA THE AERX* 
INSULIN DIABETES MANAGEMENT SYSTEM VERSUS SUBCUTANEOUS 
INSULIN. 

M. Hompesch 1 , C. Kapitza 1 , B. Scharling 2 , L.K. Thomsen 2 , and T. Heise 1 . 'Profit 
Institut fur Stoffwechselforschung GmbH, Neuss, Germany, 2 Novo Nordisk A/S, Co¬ 
penhagen, Denmark. 


Background and Aims: This trial w’as aimed to compare the intra-subject variability 
in postprandial serum insulin (INS) and serum glucose (GLU) concentrations after 
pulmonary administration of an aerosol of liquid human insulin via the AERx® iDMS 
(insulin Diabetes Management System) and after regular s.c. insulin. Materials and 
Methods: In this parallel, randomised, open-labelled trial 17 nori-smoking male Type 
1 diabetics (mean age 28 years [range 21 - 38], HbA IC 7.7% ± 0.8% [mean ± SDJ) 
received a standard breakfast on four identical treatment days. The subjects received 
their usual insulin dose either as pulmonary insulin via a handheld AERx® iDMS 
(immediately before the meal, 9 subjects) or as s.c. insulin injection (30 minutes be¬ 
fore the meal, 8 subjects). INS and GLU were measured predose and regularly during 
six hours postdose. Results: There was no statistically significant difference in the 
intra-subject variability for any of the INS and GLU variables investigated (see table). 
AUCo-360. l\s for pulmonary insulin was 135 ± 46 mU/L * hour vs. 143 ± 39 mU/L * 
hour for s.c. insulin. Adverse events were few and mild, and no clinically relevant 
deterioration in pulmonary function was detected. Conclusion; The intra-subject 
variability in scrum insulin and serum glucose concentrations for pulmonary insulin 
was comparable to s.c. insulin. Pulmonary insulin delivery was safe and well tolerated 
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DOSE-RESPONSE OF PULMONARY INSULIN WITH TIIE AERX* 
INSULIN DLVBETES MANAGEMENT SYSTEM IN HEALTHY SUBJECTS 
T. Heise 1 , B. Scharling 2 , S. Bellaire 2 , C. Tusek 1 , and S.Bott 1 . 'Profil Institut fur 
Stoffwechselforschung, Neuss, Germany; 2 Novo Nordisk A/S, Copenhagen, Den- 
mark 

Background and Aims: This study was aimed to investigate the pharmacokinetic 
(PK) and pharmacodynamic (PD) dose response relationship of a liquid pulmonary 
insulin aerosol applied by means of the AERx iDMS (Insulin Diabetes Management 
System). Materials and Methods: Seventeen non-smoking, healthy male subjects 
(mean age 29.9 years [range 23 to 37]; BMI median 25.0 [range 18.0-29.9]) 
received 2, 4, 6 and 8 AERx units (one AERx unit being approximately equivalent 
to one s.c. unit) and 6 IU of s.c. soluble insulin on 5 study days in this euglycaemic 
glucose clamp study (clamp level 5 mmol/1, clamp duration 10 hours after drug 
administration). Results: Insulin endpoints were derived from measured insulin 
concentrations. GIR endpoints were derived from total GIR profiles. A clear dose 
response relationship was demonstrated for both PK and PD characteristics across 
the four different pulmonary insulin doses; the time to maximal action was not 
affected by the dose. No drug-related adverse events were observed. Conclusions: 
Pulmonary insulin delivery with the AERx® iDMS showed a clear dose-response 
relationship. Insulin administration was convenient, safe and well tolerated in 
healthy subjects. 
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REPRODUCIBILITY OF INHALED AND SUBCUTANEOUS INSULIN LN TYPE 
2 DIABETIC PATIENTS. _ 

A.D. Perera*. C. Kapitza", L. Nosek", LAV. Heinemann", D.A. Shapiro*, R.S. 
Fishman*. T.C. Heise*. *Aerogen, Inc., Sunnyvale, CA, USA, "Profil Institute for 
Metabolic Research, Neuss, Germany. 

Background and Aims: Dose-to-dose reproducibility is a crucial component of 
insulin therapy. We compared the reproducibility of the pharmacokinetic (PK) and 
pharmacodynamic (PD) responses to inhaled insulin (INH) delivered via the 
Aerodose™ Inhaler to that of subcutaneous regular insulin (SC) in Type 2 diabetic 
patients under glucose clamp conditions. Such a comparison of INH and SC has not 
been previously reported. Materials and Methods: Fifteen patients (non-smokers, 
10 male, 5 female, age 60±9 years, [meanaSD], BMI 30±3 kg/m 2 , diabetes duration 
9±4 years) each received two doses of 240 U INH and two doses of 24 U SC on 4 
separate study days under euglycaemic glucose clamp conditions (180 min baseline, 
clamp level 6.1 mmol/L, continuous i.v. insulin infusion at 0.3 mU/kg/min). Glucose 
infusion rates (GIR) and serum insulin concentrations were monitored over the 
following 8 h. Comparisons of intra-patient coefficients of variation (CV) were used 
to assess the reproducibility of INH vs SC at 0-3 h (the anticipated time of meal 
coverage) and 0-8 h. Results: INH showed a relative bioavailability (0-8h) of 16% 
and relative biopotency of 13%. There were no significant differences between INH 
and SC in the CVs for Insulin-AUC and GIR-AUC (p>0.2, table). 



Mean 

Intra-patient CV, % 

INH 

SC 

INH 

SC 
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16.3 

GIR-AUCo-i (p/kg) 

0.7±0.3 

0.4±0.2 

18.8 

21.5 

GIR-AUQufg/kg) 

1.7±0.5 

1.3+0.4 

21.0 

18.6 


INH exhibited a significantly shorter time to peak insulin concentration (T,^, INH: 
76±5I vs SC: 193±66 min, p<0.0001) and time to peak metabolic effect (T G | Rma ,, 
170±53 vs 244±75 min, p<0.0001) as compared to SC. No adverse events were 
observed during the study. Conclusion: The comparable dosing reproducibility vs 
SC and shorter time to peak action suggest that the Aerodose Inhaler may provide 
suitable pre-prandial dosing of insulin to Type 2 diabetic patients. 
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PHARMACOKINETICS OF PULMONARY INSULIN LN HEALTHY 
SMOKERS AND NON-SMOKERS 

J. Jendle 1 , A. Himmelmann 2 , A. Mellon 2 , P.Wollmer 3 , A.H. Petersen 4 and U.L. Dahl 4 , 
^relleborg Hospital, Sweden; 2 SahIgrenska University Hospital, Sweden; 3 University 
of Lund, Sweden; 4 Novo Nordisk A/S, Denmark 

Background and Aims: The AERx® iDMS (insulin Diabetes Management System) 
is a potential diabetes treatment option for delivery of an aerosol of liquid human 
insulin to the deep lung for systemic absorption. The aim of this trial was to assess 
pharmacokinetics (PK) of pulmonary insulin in healthy smokers and non-smokers. 
Materials and Methods: On two consecutive days, 27 smokers and 16 non-smokers 
(18M/25F, mean age 26 y, BMI23 kg/m 2 ) received single doses of pulmonary insulin 
(33.75 U). Glucose infusion was given in case of hypoglycacmia. Results: PK results 
were derived from exogenous insulin profiles corrected for baseline C-peptide. Total 
insulin absorption (AUC ( o.6h)) was significantly greater in smokers, while peak 
concentration was higher and earlier in this group. 


PK Variable 

Non-smokers Smokers 
Mean (N=13) Mean (N=23) 

Mean 

Ratio 

95% CI. 

p-value 

AU C (<WM (mU/L*h) 

40.0 

63.2 

1.58 

1.20; 2.08 

0.0017 

(mU/L) 

13.9 

42.0 

3.02 

1.94; 4.70 

<0.0001 

(min) 

53.9 

31.5 

-22.4 

-34.2;-10.6 

0.0003 


Estimated means, ratios, confidence intervals (C.I.) and p-valucs based on ANOVA with log- 
transformed response, adjusted for sex and period; for t^, based on mean difference. 
Evaluable subjects: N=36. 

No safety issues arose; adverse events were few and mild. Thirteen subjects received 
glucose infusion due to induced hypoglycaemia. Neither changes nor differences 
between groups were seen in lung function, vital signs or lab values. Conclusions: 
Absorption of pulmonary insulin was significantly greater in smokers, with a higher 
AUC (0 -6h), a higher C m „ and a shorter t mM . Dosing of pulmonary insulin with the 
AERx® iDMS was safe and wcll-toleratcd. 
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ORAL SPRAY INSULIN IN PATIENTS WITH TYPE 1 DIABETES: 

COMPARISON WITH REGULAR INSULIN 
MG Cavallo, G Coppolino, S Romeo, S Manfrini, P Modi', P Pozzilli 
University Campus Bio-Medico — Rome, Italy, 

•Generex Biotechnology Corporation - Toronto, Canada 
BACKGROUND & AIMS: A new oral insulin spray formulation has been 
developed consisting of rapid insulin delivered by aerosol spray with a RapidMist 
device. Such a formulation allows insulin to enter the blood stream through buccal 
mucosa absorption. The aim of this study was to test the efficacy of oral spray 
insulin to control blood glucose levels in patients with Type 1 diabetes. 

METHODS: Patients with Type 1 diabetes (n= 9) aged between 20-36 years (mean 
age 30 years) with a mean diabetes duration of 4.7 years and mean HbAlc of 6% 
were recruited in the study. This consisted of two days of follow-up comparing 
subcutaneous insulin treatment with oral spray insulin. On day 1 patients received 
their usual dose of subcutaneous regular insulin while on day 2 subcutaneous insulin 
was replaced with the equivalent dose of oral spray insulin. On both days, capillary 
blood glucose (Glucocard memory PC Menarim), venous blood glucose (by 
reference laboratory), plasma insulin and C-peptide levels (by RIA) were measured 
every 30 minutes for two hours and then every 60 minutes up until the fourth hour. 
RESULTS: Results of this study showed that were no significant differences in 
blood glucose or insulin levels throughout the 4 hours after insulin administration 
between patients receiving the oral spray or the subcutaneous insulin formulation 
(BG at 4 hours; oral insulin = 101 mg/dl ± 34 SD; subcutaneous insulin = 115.7 
mg/dl 1 50 SD). Insulin levels at 4 hours: oral insulin= 10.4 ul/ml ± 3.3 SD; 
subcutaneous insulin = 13.6 ul/ml ± 5.9 SD. No episodes of severe hypoglycaemia 
were observed. 

CONCLUSION: Insulin administered via the buccal spray formula is effective in 
lowering blood glucose levels in patients with Type 1 diabetes similarly to insulin 
given by the subcutaneous route. 
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REPLACEMENT OF SUBCUTANEOUS INJECTIONS WITH ORALIN IN 
TREATMENT OF DIABETES 


M. Mihic and P. Modi, Toronto, Canada 


Background and Aims : Some diabetic patients refuse to take injections when 
oral agents fail. The alternative to this is the RapidMist, a novel Diabetes 
Management System. This system is based on the unique liquid aerosol 
formulation, which allows a precise insulin dose delivery in the form of fine 
aerosolized droplets directed in the mouth. This oral aerosol insulin 
formulation is rapidly absorbed through the buccal mucosal lining and in the 
oropharynx regions. The goal of this study was to evaluate the efficacy of the 
oral insulin (7 units, absorbable) versus s.c. injection (8 units) to control post¬ 
prandial glucose in type-2 diabetic patients after a standard meal challenge. 
Materials and Methods : In a single blind, randomized, crossover study, 11 
type-2 diabetic patients received oral insulin (7 units, absorbable) via the 
RapidMist device or s.c. injection (8 units) followed by a 360 calorie Sustacal 
meal, 15 mins after the dose. Patients received both treatments in replicate 
dosing. Results : The table below shows serum glucose, insulin and C-peptide 


Time 

Glucose 

mg/dl 

Insulin 

pmot/I 

C-peptide 

pmol/I 

mins 

Injection 

Oral 

Injection 

Oral 

Injection 

Oral 

0 

147 

177 

40 

57 

784 

813 

15 

148 

177 

77 

75 

758 

831 

60 

218 

228 

207 

271 

1464 

1435 

120 

212 

228 

133 

197 

1495 

1404 

240 

143 

152 

51 

67 

779 

763 


Conclusions: We conclude that the oral insulin absorption was comparable to 
s.c injection as seen from the above data. This conclusion was supported by 


the statistical showing no significant differences between the treatments for 
glucose (p<0.314), insulin (p<0.810) and C-peptide (p<0.182). Oralin can be 
used safely in place of s.c. injections to treat diabetes. 


LONG-TERM EFFICACY OF ORAL INSULIN AND PIOGLITAZONE 
COMBINATION THERAPY FOR TREATMENT OF TYPE-2 DIABETES 
A. Lewin and P. Modi, Los Angeles, CA, U.SA. 

Background and Aims : Insulin injections possess the biggest challenge in 
the treatment of t)pe-2 diabetes when oral agents fail and glucose levels are 
not controlled. Most patients refuse to take injections due to its invasive 
nature. An alternative to this is the introduction of needle free oral insulin 
(RapidMist) formulation. This system is based on the unique liquid aerosol 
formulation. This oral insulin formulation is rapidly absorbed through the 
buccal mucosal lining. The goal of the study was to evaluate the long-term 
(12 weeks or more) efficacy of the low dose of oral insulin (7units, 
absorbable) in combination with pioglitazone (30 mg) against placebo puffs 
+ pioglitazone to improve the HbAlc in type-2 diabetic patients. Materials 
and Methods : In a double blind, randomized study, type-2 diabetic patients 
failing on oral agents received oral insulin (7units, absorbable) via the 
RapidMist device or placebo formulation in combination with pioglitazone 
tablets. The HbAlc levels were measured every 2-4 weeks. Results : The 


table below shows I IbA! c 

jrofile at selected times. 

Time (weeks) 

0 weeks 
%HbAlc 

2 weeks 
%HbAlc 

4 weeks 
%HbAIc 

8 weeks 
%HbAlc 

12 weeks 
%HbAlc 

Pioglitazone* 
Placebo puffs 

9.6 

10.0 

10.1 

10.3 

10.6 

Pioglitazone* 
oral insulin 

9 

8.8 

8.7 

8.2 

7.9 


Conclusions : We conclude that the HbAlc levels significantly improved 
(1.1%, p<0.0001) in the group receiving oral insulin + pioglitazone when 
compared to the baseline, where HbAlc levels worsened with pioglitazone 
alone (up by 1%, p<0.1108). Thus, oral insulin can be used safely on a 
long-term basis without any adverse effect to treat diabetes in place of 
injections. 
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Influences of oral insulin on carbohydrate, protein and lipid metabolism in 
the post w eaning period in Balb/c mice. 

N. Shehadeh, R. Weiss, R. Shamir. Pediatric Division, Rambam Medical Center, 
Haifa, Israel. 

Background and Aims: Insulin is naturally present in human breast milk and has 
been demonstrated to posses trophic effects on the gut mucosa in suckling 
animals. These effects are localized to the gastrointestinal tract. The effects of oral 
insulin on mature animals have not been studied. We postulated that oral insulin 
supplementation would have a systemic metabolic effects on mature mice. 
Materials and Methods: Twenty Balb/c mice were put on oral insulin 
supplementation within drinking water (1 Unit of regular insulin/ml of drinking 
water) for 40 days after weaning. The control group received tap water. Both 
groups were fed on regular chow. The systemic effects tested included a lipid 
profile, prandial and fasting blood glucose levels, liver weight and protein 
content. Local effects tested included small intestinal weight and an histologic 
inspection on the intestine. Results: Total triglyceride level in the study group 
was significantly lower as compared with controls (130.40 mg/dl +/- 32.44 vs. 
193.60 mg/d! +/- 48.47, p <0.02). Total cholesterol level in the study group was 
significantly lower than levels of the control group (83.66 mg/dl +/- 5.75 vs. 
93.38 mg/dl +/- 7.94, p <0.05). Fasting glucose levels were significantly lower in 
the study group (mean + S.D were 116.53 mg/dl +/- 10.78 compared with 143.92 
mg/dl +/- 25.48 in controls, p <0.001). Prandial glucose levels were measured on' 
day 59 at 08.00am and levels were lower in the study group, similar to the fasting 
measurement (123,14 mg/dl+/- 12.25 vs. 145.16 mg/dl +/- 18.08, p = 0.03). Liver 
w eight was elevated in the study group (0.75 gr +/- 0.11 vs. 0.67 gr +/- 0.09, p = 

O. 048) and so was the liver protein content (0.72 ng prot/mg tissue +/- 0.08 vs 
0.66 ng prot/mg tissue +/- 0.077, p ** 0.01). Conclusions: Oral insulin 
supplementation had a significant influence on carbohydrate, protein and lipid 
metabolism. These effects have not been demonstrated before in mature animals. 
These observations may suggest some of the effects of insulin found in breast 
milk on breastfed infants beyond the neonatal period. Further studies are needed 
in this animal model to uncover the mechanism and explore the potential benefits 
of oral insulin supplementation to infant formulas. 


POLYMERIC NANOPARTICLES FOR ORAL DELIVERY OF INSULIN IN 
DIABETIC RATS. 

C. Damgd 1 , N. Ubrich 2 , E. Kuntz 1 , M.C. Kaltenbacher', D. Attivi 2 , V. Hoffart 2 , M. 
Pinget 1 and P. Maincent 2 . European Center for Study of Diabetes, Faculty of 
Medicine, Strasbourg, France and laboratory of Galenic Pharmacy, Faculty of 
Pharmacy, Nancy, France. 

Background and aims : The most physiological and convenient route for the 
administration of insulin is the oral route. How ever, two main problems have to be 
overcome: (a) the degradation of insulin in the gastrointestinal tract by proteolytic 
enzymes and (b) the low intestinal absorption of insulin, a 51 amino acid peptide. 
Thus, we have associated insulin to nanoparticles (NP) composed of a biodegradable 
polymer, poly (epsilon caprolactone) (PCL) and a polycationic non biodegradable 
polymer of a polyaciylic nature, Eudragit RS. The aim of this work was to analyse 
the biological effects of these NP given by gavage to diabetic rats. Materials and 
Methods: PCL/Eudragit®RS insulin loaded NP and empty NP (for control 
experiments) were formed by a watcr/oilAvater solvent evaporation technique. They 
were administered by gavage in strepto 2 otocin induced diabetic rats. Blood glucose 
and insulin levels were measured up to 24 hours after gavage. Oral glucose tolerance 
tests were performed 4 and 8 hours after gavage with NP. Results : 1) The size of 
insulin loaded NP was 358+12 nm while that of empty NP was 331±11 nm. 2) The 
yield of encapsulation of insulin was superior to 98%. 3) Insulin NP (100 U/kg body 
weight) administered by gavage to fasted diabetic rats, significantly reduced blood 
glucose levels by 36% (p<0.05), 57% (p<0.01), 57% (pO.Ol) and 14% (p<0.05) 
respectively 4, 6, 8 and 24 hours thereafter, when compared to rats treated with 
empty NP. Insulineraia was increased at the same periods with a maximal effect 8 
hours after gavage (+87%, p<0,05). 4) Peroral insulin NP (100 U/kg b.w.) lowered 
the glycemic response to the oral glucose challenge (2 g glucose/kg b.w.) performed 
4 hours later by 60% (pO.Ol), and by 38% (p<0,05) during the 8 h test Giving 
insulin alone pcrorally at the same concentration had no effect on glyccmia. 
Conclusion: Insulin-loaded nanoparlicles prepared with PCL and Eudragit RS 
exert an antidiabetogenic effect when administered perorally in diabetic rats. These 
results may be explained by the mucoadhesive properties of the polycationic 
polymer and the release of encapsulated insulin by the biodegradation of 
poly (epsilon caprolactone), a non toxic polymer. 
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EFFICACY AND SAFETY OF NATEGLINIDE IN PATIENTS WITH MILD 
HYPERGLYCAEMIA 

'C. Salorantn, 2 D. Holmes, 2 M Ball, 2 S. Dickinson and 3 K. Hershon. 'Helsinki 
University Central Hospital, Finland, 2 Novaitis Pharmaceuticals, East Hanover, New 
Jersey, USA and 3 North Shore Diabetes and Endocrine Association, New Hyde Park, 
New York, USA. 

Background and Aims: Diabetes patients with low lasting plasma glucose (FPG) 
levels may have significant prandial glucose excursions. Optimal treatment regimens 
when diet and exercise fail arc not known, but nateglinide - which stimulates early 
insulin secretion with a fast-on, fast-off mode of action thereby lowering prandial 
glucose - may be clinically beneficial. A 24-wcck, multicentre, randomised, parallel- 
group, double-blind study was conducted to evaluate the efficacy and safety of 
nateglinide in patients with mild hyperglycaemia. Materials and Methods: Patients 
(n=675) with mean fasting plasma glucose (FPG) 7.0-8.3 mM were randomised to 
nateglinide 30 mg, 60 mg, 120 mg or placebo before 3 main meals (a.c.). Baseline 
mean values were: FPG, 7.6 mM; HbAu, 6.5% (range 4-9.1%); BMI, 29 kg/m 2 and 
diabetes duration, 3.6 years. Results: Mean (+SE) efficacy parameters (intent-to-treat 
population), as well as the plasma glucose (PG) and insulin response to a standard 
meal (assessed as area under the curve [AUCJ from 0-4 hours) in a patient subset 
(n=127), are shown below: __ 


Natcgl i ai dc/pl accbo 

30 mg a.c 

60 mg a.c 

120 mg 2.C. 

Placebo 2.C. 

AHbA, t <%) 

-0.10 ±0.05'' 

-0.15*0.04'' 

-0.23 ±0.05"' 

0.16+0.05’ 

A FPG (raM) 

0.08 ±0.12* 

0.01*0.11' 

-0.14*0.12' 

0.59+0.12’ 

APG AUCojh (h*mM) 

-1.97*1.49' 

-3.63 ±1.43'' 

-3.95*1.47'' 

3.15*1.33' 

A Insulin AUCo-4h 
(h*mU/L) 

36.95*18.87' 

16.97+17.76 

46.78 ±19.72'' 

-12.60*16.60 


*p<0.05 vs. baseline; f p<0.05 vs. placebo 

Confirmed hypoglycaemia (symptoms with PG<3.3 mM) occurred in 2.4,4.0,5.3 and 
1.2% of patients on nateglinide 30, 60, 120 mg a.c. and placebo, respectively. The 
overall incidence of adverse events was similar in all treatment groups. Weight 
increased with both nateglinide (0.5-0.65 kg) and placebo (0.3 kg). There were no 
other clinically significant changes in the safety parameters. Conclusions: These 
results indicate that patients with early diabetes can be safely and effectively treated 
with agents such as nateglinide that target prandial hyperglycaemia. 


NATEGLINIDE INDUCES EARLY-PHASE INSULIN IN PORTAL VEIN, 
WHICH CONTROLS THE POSTPRANDIAL STATE IN RATS 
Y. Kitahara, T. Mine, K. Miura, A. Okano, N. Rondo, A. Oonuki, A. Mitsui 
and R. Kawamori. Ajinomoto Co., Inc., Juntendo University, Japan 

Background and Aims: Postprandial hyperglycemia and hyper¬ 
triglyceridemia are independent risk factors for cardiovascular disease in 
patients with type 2 diabetes. In the present study, we investigated the roles 
of early-phase insulin induced by nateglinide (NAT) on the postprandial 
glucose and lipid metabolism in normal and diabetic rats. Materials and 
Methods: NAT (50 mgkg, p.o.) was administered to the rats with or without 
oral loading of glucose (lg/kg) or fat emulsion (2g/kg). The levels of portal 
insulin, blood glucose, plasma TG and gene expression in the liver were 
examined. Results: NAT remarkably increased the portal insulin levels 
with a peak at 5 min after oral administration. Blood glucose levels were 
lowered with the transient increase in glucokinase and decrease in glucose-e- 
phosphatase mRNA in the liver. NAT also lowered the peak glucose levels 
in glucose-loaded rats. In contrast, insulin (0.5Ukg) administered 
subctaneously did not low er the peak glucose levels after glucose loading as 
NAT did, although it showed same hypoglycemic efficacy as NAT did in 
fasted rats. In addition, NAT also significantly suppressed the transient 
increase of plasma TG after fat loading ( AAUC [0-4hr]: 15±69 vs. 501+112 
mg • h/dl in Zucker fatty rats, 81+22 vs. 164+17 mg * h/dl in GK rats; n=10, 
p<0.01). The decrease of TG was mainly at the origin and the pre 0 
subfraction on agarose gel electrophoresis (including chylomicron and 
VLDL). Conclusions: These data indicate that the transient increase in 
portal insulin levels plays an important role in controlling postprandial state. 
Therefore, nateglinide may be effective for reducing both the postprandial 
hyperglycemia and TG-rich lipoproteins in patients with type 2 diabetes. 
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NATEGLINIDE EXHIBITS GLUCOSE-SENSITIVE K ATP CHANNEL- 
DEPENDENT AND INDEPENDENT INSULINOTROPIC ACTIONS 

N. H. McCIenaghan, A J. Ball and P.R. Flatt, School of Biomedical Sciences, 
University of Ulster, Coleraine, BT52 ISA, N. Ireland, U.K. 

Aims: To examine the K AT? -channel-dependent and K AT p-channel- 
independent insulin-releasing actions of nateglinide. Materials and 
Methods: Insulin release (mean ± SEM) from clonal glucose-responsive 
BREN-BD11 cells was measured during acute 20 min incubations (n=6). 
Results: Incubation with 50-200 flmol/l nateglinide evoked 1.5-2.0-fold 
(p<0.0I-p<0.001) insulin-secretory responses at 1.1 mmol/1 glucose (1.79 ± 

O. 11 ng/10 6 cells/20 min). The insulinotropic response to 200 pmol/1 
nateglinide exhibited a glucose-dependent pattern with progressive 1.2-1.7- 
fold increases (p<0.05-p<0.001) in insulin secretion from 5.6-30 mmol/1 
glucose. Under depolarizing conditions (16.7 mmol/1 glucose plus 30 mmol/1 
KC1; 10.59 ± 0.43 ng/10 6 cells/20 min) 100-200 jimol/1 nateglinide evoked a 
1.4-1.5-fold (p<0.05-p<0.001) increase in insulin output. Nateglinide (200 
pmol/1) potentiated the insulinotropic effects of 5.6-30 mmol/1 glucose by 
1.3-1.4-fold (p<0.001) under depolarizing conditions. Prolonged (18 h) 
culture with 100 jimol/1 nateglinide did not alter basal insulin release, at 1.1 
mmol/1 glucose, but abolished the insulinotropic effects of 200 pmol/1 
tolbutamide or glibenclamide. However, insulin-secretory responses to 200 
p.mol/1 nateglinide, 20 mmol/1 leucine or 20 mmol/1 arginine, although 
diminished were retained (p<0.01-p<0.001). Interestingly, insulinotropic 
actions of 200 pmol/1 efaroxan, 25 mmol/1 forskolin or 10 nM PMA were 
unaffected by 18 h nateglinide culture. Conclusions: Nateglinide exhibits 
both K AT p channel-dependent and K AT p channel-independent insulin- 
secretory actions in BRIN-BD1I cells. The enhanced insulinotropic 
responses of this drug with increasing glucose concentration supports the 
antihyperglycaemic actions of nateglinide in type 2 diabetes. 
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BOTH NATEGLINIDE AND METFORMIN SUSTAIN HbA lc LOWERING 
OVER 52 WEEKS LN DRUG-NAIVE TYPE 2 DLVBETES PATIENTS 
‘j.E. Foley, *M. Gatlin, 'F.L. Dunn and 2 E.S. Horton, ‘Novartis Pharmaceuticals, East 
Hanover, New Jersey, USA; 2 JosIin Diabetes Center, Boston, Massachusetts, USA. 
Background and Aims: Metformin is frequently used as initial therapy for type 2 
diabetes due to a sustained reduction in HbA JC with little or no hypoglycemia and 
weight gain, but it is inappropriate for use in some patients. Nateglinide is a new oral 
antidiabetic agent derived from the amino acid D-phenylalanine, which acts directly on 
the pancreatic p-cells to rapidly potentiate meal-induced insulin secretion thereby 
ameliorating postprandial glucose levels. Nateglinide is associated with <1 kg weight 
gain, <0.3% of patients dropping out of studies due to unassisted hypoglycemia and 
with no other treatment-emergent differences from placebo. This study compares the 1- 
year efficacy of nateglinide and metformin as initial therapy. Materials and Methods: 
Prospective, double-blind, placebo-controlfed study in which drug-naive patients (post 
hoc analysis) with >3 months’ disease duration and mean baseline HbA tc 8.1-8.3%, 
were randomized to placebo (n=96), nateglinide (120 mg before meals [ac], n=97) or 
metformin (500 mg tid, n=97) following a 4-week placebo run-in period (n=33,42, 46 
at 52 weeks, respectively). Results: No significant differences were apparent in HbA lc 
between nateglinide and metformin over the 52-week study period (ANCOVA). 



Wl,t 

Conclusions: Nateglinide is as effective as metformin in initiating and sustaining 
improved glycemic control, indicating that nateglinide may be an appropriate 
alternative initial pharmacological therapy for type 2 diabetes. 
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TARGETING POSTPRANDIAL HYPERG LYCAEMIA LN PATIENTS WITH 
TYPE 2 DIABETES: NATEGLINIDE VS ACARBOSE 

‘D. Holmes, 2 D. Raccah, 3 F. Escobar-Jimecez and 4 E. Standi on behalf of the 
Nateglinide vs Acarbose Investigator Team in ‘Novartis Pharma, Basel, Switzerland, 
2 Marseille, France, 3 Granada, Spain and 4 Munich, Germany. 

Background and Aims: The prandial glucose response depends on glucose 
absorption and suppression of endogenous glucose production. In patients with type 2 
diabetes, absorption is normal but suppression of glucose production is diminished 
due to impaired early phase insulin secretory responses. The clinical utility of 
acarbose, which decreases glucose absorption, and nateglinide, which increases early 
phase insulin secretion, were compared in a double-blind, randomised 24-week trial in 
patients with type 2 diabetes. Materials and Methods: Patients with type 2 diabetes 
(179 men and women >30 years who had undergone diet and exercise treatment for at 
least 2 months before study entry) were randomised to receive either nateglinide (120 
mg before 3 main meals, n=87) or acarbose (50 mg tid for 4 weeks followed by 100 
mg tid, reduced again to 50 mg tid if necessary, n=92). Baseline HbA (c values were 
comparable in the two treatment groups (7.75% and 7.87% for nateglinide and 
acarbose, respectively). A total of 144 patients completed the 24 weeks of treatment 
(70 on nateglinide; 74 on acarbose). Results: At the study endpoint, HbA, c had been 
similarly reduced in both nateglinide and acarbose treatment groups, by 0.42% and 
0.39%, respectively (p=0.74 for difference; intent-to-treat population and last 
observation carried forward). In patients completing the study, an IIbA u level of <7% 
was achieved by 60% (42/70) of the patients receiving nateglinide, compared with 
38% (28/74) receiving acarbose. Overall, adverse events were reported by 65% of 
patients receiving acarbose, compared with 49% of those receiving nateglinide. The 
incidence of gastrointestinal adverse events (mostly flatulence and diarrhoea) was 
greater in the acarbose-treated patients than in the group receiving nateglinide (42 vs 
18 reports, respectively). Reports of symptoms suggestive of hypoglycaemia were 
recorded by 5.7% of patients (5/87) on nateglinide and 2.2% (2/92) on acarbose. 
Conclusions: Targeting post-prandial hyperglycaemia to control HbA (c to levels 
below 7% is possible with suitable treatment. While nateglinide and acarbose 
demonstrated comparable efficacy, nateglinide may be preferable because of its 
superior side-effect profile, which may be a reflection of its more physiologically 
relevant mode of action. 
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AN IMPROVEMENT IN INSUUN RESISTANCE AFTER THE 
ADMINISTRATION OFNATEGUNIDE 
T. Shiba, Mitsui Memorial Hospital, Tokyo, Japan 

Aims: Nateglinide is a newly administered active insulin secretagogue which stimulates 
the acute insulin response in patients with t>pe 2 diabetes. We examined the mechanism 
and evaluated die effect of nateglinide on the glycemic control of types 2 diabetic 
patients being treated cn an outpatient basis. Materials and Methods: A series of 28 
type 2 diabetic patients visiting cxir outpatient clinic who agreed to take nateglinide were 
examined before and abort 3 to 4 months after regularly taking of nateglinide (270 
mg'day) including the standard meal test (460 Kcal). The BMI, IRI, blood glucose aid 
HbAl c levels were measured, aid HOMA-R and HOMA- £ were calculated according 
to foe HOMA-modeL Results: Abort 3 to 4 months later, nateglinide significantly 
decreased foe mean aca under the curve (AUC) for glucose during our standard meal 
test and a significant increase in the AUC for IRI was observed The values of FBG, Ih- 
PG (1 -hours postprandial glucose), 2h-PG and HbAl c improved from 165 ±25,234± 
39,229±48 (mg'dl) and 75+0.9 (%) to 148±22,192+35, 178±41 and 6.7±0,7 
before and after the above treatment regimen, respectively (MEAN+SD). When foe 
patients were divided into two groups, including insulin resistant (IR: HOMA-R>2, 
n=20) and non-insulin resiSant patients (NIR: HOMA-R ±2, ofS),^ FBG enty 
improved significant in the IR whereas foe Ih-PG, 2h-PG and HbAlc levels improved 
in both groups. After the administration of nateglinide the HOMA-R level improved 
significantly from 4.0±2.0 to 3.0± 1.6 (pO.02) in the IR, but net in the NIR (from 1 2 
+02 to 1.9 ±0.9). Regarding insulin secretion, HOMA- 0 improved significantly only 
in foe NIR firm 16.4 ±7.8 to 26.9 ±9.9 (p<0.02), hit not in foe IR (from 323±17.4 to 
32.6± 19.0). Conclusions: Nateglinide was therefore found to be effective in controlling 
the blood glucose levels in type 2 diabetic patients by 1) improving foe insulin resistance 
in IR patients by ameliorating glucose toxicity, and 2) improving foe blood glucose 
lev els in NIR patients by stimulatirg insulin seaeticn 
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EFFECTS OF GLIBENCLAMIDE ON HEMODYNAMIC AND METABOLIC 
STATUS AFTER MYOCARDIAL ISCHEMLA L\ ISOLATED RAT HEARTS 

RJ Legtenberg, RJF Houston, A Heerschap, B Ocseburg and P Smits. Dcpts. of 
Physiology, Pharmacology-Toxicology, Radiology and Internal Medicine. UMC 
Nijmegen, PO Box 9101,6500 HB Nijmegen, The Netherlands 

Background and Alms: It has been shown previously that the sulfonylurea derivative 
glibenclamidc may improve post-ischemic cardiac functional recovery. Although Katp 
channel blockade is a possible explanation for this observation, an alternative 
mechanism may be operative. Therefore, we simultaneously recorded cardiac function 
and the intracellular concentration of ATP, PCr, P 4 and pH before and after ischemia in | 
the presence of glibenclamide or vehicle. Materials and Methods: 31 P magnetic 
resonance spectroscopy on erythrocyte-perfused, isolated working rat hearts was 
performed. 4 pmol.L' 1 glibenclamide or vehicle alone were tested (both n=5). The 
following protocol was used: 8 min performance assessment, 10 min drug treatment, 12 
min global ischemia, 20 min reperfusion with drug treatment and 8 min functional 
recovery assessment. Results: Glibenclamide significantly decreased coronary blood 
flow as compared with vehicle: 59.5 ± 7.0 % v. 94.3 ± 1.3 % (p=0.008). At the end of 
reperfusion, after ischemia, this vasoconstrictive effect of glibenclamide was even more 
pronounced (45.6 ± 5.4 % v. 104.4 ± 5.9 %; p<0.0001). Further, glibenclamide 
significantly decreased the ischcmia-induccd cardiac functional loss as compared with 
vehicle (7.4 ± 1.3 % v. 18.8 ±3.3 %; p=0.019). During ischemia the intracellular 
acidosis was significantly attenuated in the presence of glibenclamide (final pH 6.75 ± 
0.01 v 6.43 ± 0.03 for vehicle, p=0.005). In addition, intracellular ATP tended to deplete 
more rapidly during ischemia in the presence of glibenclamide, however this did not 
reach statistical significance (p=0.11). Conclusions: Glibenclamide reduces coronary 
blood flow which may completely be attributed to vascular K A tp channel blockade. 
Glibenclamide also reduces the myocardial functional loss after ischemia with 
preserving intracellular pH but not intracellular ATP levels during ischemia. This 
suggests that the beneficial response to glibenclamide is probably not the result of 
myocardial Katp channel blockade, but may be explained by inhibition of glycolysis. 
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POSTPRANDIAL ACTIVATION OF COAGULATION IS INHIBITED BUT 
FIBRINOLYSIS IS NOT ALTERED BY ACUTE GLIMEPIRIDE 
ADMINISTRATION LN TYPE 2 DIABETIC SUBJECTS. 

L Ioannidis, C. TsoukaIa2, K. Markakis2, L AnastasopouJou2, P. XiarchopouIou2, A 
Karafoulidou 2, E.Maglaraland N.Katsilambrosl 1. First Dpt Propaedeutic Medicine, 
Athens’ University Medical School and 2. 2nd Regional Transfusion Center-Haemostasis - 
lab., Laiko General Hospital, Athens Greece. 

Background and aims : Several abnormalities of coagulation and fibrinolysis are known 
to occur in diabetic subjects at the fasting state as well as postprandially. The aim of this 
study was to investigate the effect of the administration of a single dose of glimepiride on 
the postprandial activation of the coagulation and on fibrinolysis as compared to placebo. 
Materials and Methods: We designed a crossover randomised study. In the morning after 
an overnight fast, each diabetic subject (n=I2 .age 52-64 yr.) received a standard meal 
(600 Kcal, Carbohydrates 40% Lipids 50% Proteins 10%) preceeded by one tablet of 
glimepiride (G, 2mg) or placebo (pi). The two tests were performed randomly, with an 
interval of 7 days. Blood samples were collected at baseline as well as 2 and 4 hours after 
the meal to measure blood glucose , insulin, and fibrinogen ,d-dimers, FI+2 (prothrombin 
fragments 1+2), PAT I and tPA Non parametric statistics were used for analysis. Results: 
Baseline 2 hours 4 hours 


Fibrinogen 

mg% 

PI 

198+59 220+57 198+59 



G 

197+46 217+51 221+33 

D-Dimers 

gg/ml 

PI 

0,2+0,03 0/25+0,03 0,38+0,04* 



G 

0,2+0,090,23+0,09 0,20+0,08* 

FI+2 

nM 

PI 

9,94+1,78 11,3+2,01 15,8+1,97* 



G 

9,33+5,54 9,96+6,07 9,56+5,09* 

PAI-1 

ng/ml 

PI 

74,Q±27,0 66,0+33,0 77,7+34,0 



G 

58,9+40,0 60,8+45,7 33,7+23,4 

t-PA 

ng/ml 

PI 

13,2+3,111,4+1,3 11,6+2,1 



G 

11,0+3,79,6+3,9 15,8+9,1 

Placebo vs. 

Glimepiride 

*p<0.05 



Glucose levels w r ere lower and insulin levels higher after G administration. In these 
diabetic subjects postprandial levels of d-dimers, FI+2 (indexes of coagulation activation) 
increased significantly after the meal consumption. PAI-1 and tPA (indexes of 
fibrinolysis) did not change significantly postprandially. Acute administration of 
glimepiride reduced this activation 4 hours after meal consumption (Table). Conclusions: 
Acute administration of glimepiride, has an inhibitory effect on the postprandial 
activation of the coagulation but did not alter fibrinolysis. 
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Beneficial effects of insulin vs. sulphonylurea treatment early in type 2 diabetes 
on stimulated C-peptide and metabolic control 

M. Alvarsson, K. Bemtorp, E. Forbes, V. Grill, I. Lager, L. Steen, G. Sundkvist and 
T. Om from Depts of Endocrinology at Karolinska Hospital and Malmo General 
Hospital and Depts of Medicine at Eskilstuna, Karlskrona, Kristianstad and Visby 
Hospitals 

Background and aims: Traditionally, insulin treatment is instituted in type 2 diabetic 
patients only after life style measures and oral pharmacological agents, such as 
sulphonylureas, have failed to achieve acceptable metabolic control. Based on animal 
studies and studies in type 1 diabetes we hypothesized that a relative beta cell rest in 
type 2 diabetes would be advantageous for endogenous insulin secretion in 
comparison with continuous stimulation with sulphonylurea. The aim of the study was 
to investigate whether treatment with insulin started soon after diagnosis of type 2 
diabetes is advantageous compared with glibenclamide treatment. 

Materials and Methods: A Swedish multicenter 2-year open randomized clinical 
trial in 41 patients with ICA-negative non-insulin-dependent diabetes diagnosed 0-2 
years before inclusion. Patients received either 2 daily injections of insulin Mixtard 
30/70 or glibenclamide (3.5-10.5 mg daily). C-peptide-glucagon tests were performed 
yearly in duplicate after 3-4 days of temporary withdrawal of treatment. 

Results: A questionnaire indicated no difference in well-being related to treatment. 
After one year the glucagon-stimulated C-pcptide response was increased in the 
insulin-treated group by 0.11 nmol/1 (95% Cl -0,06 to 0,28, p<0.065), whereas it was 
decreased by 0.09 nmol/1 (95% Cl - 0.27 to 0.08) in the glibenclamide group. The 
difference between groups was significant, p<0.046. After two years the respective 
effects were +0.08 for the insulin group and -0.02 for the glibenclamide group with 
no significant differences remaining between groups. HbAlc levels declined during 
the first year in both groups (-1.26% (95% Cl —1.93 to -0.59 in the insulin, -1.04% 
(95% Cl —1.58 to -0.50 in the glibenclamide group). At the end of the second year 
FIbAlc was similar in the insulin group (+0.06) but rose in the glibenclamide group 
(0.71 (95% Cl 0.15 to 1.26)). The difference in evolution of HbAlc during the second 
year were significant between groups, p=0.013. 

Conclusions: Early insulin treatment vs. glibenclamide treatment in type 2 diabetes 
may prolong endogenous insulin secretion and promote better metabolic control. 
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Improved Insulin Secretion and Sensitivity by Glimepiride in New Onset Type 2 
Diabetes Mellitus. 

UM Kabadi and MU Kabadi VA Medical Center, Phoenix, AZ and University of 
Arizona, Tucson, Arizona USA. 

Background and Aims: The exact role of Glimepiride in improvement of 
glycemic control in Type 2 Diabetes Mellitus (DM) is unclear although its 
properties in enhancing glucose transporters and as an insulin secretogogue are 
documented. Therefore, insulin secretion and sensitivity were assessed in new 
onset Type 2 DM prior to (Pre) and after (Post) achieving desirable glycemic 
control (HbAjC <7.0%) with Glimepiride treatment (Rx). Methods: 
Determination of plasma insulin (I) and glucose (G) after an overnight fast (F) and 
at every 15' for 2 hours after oral ingestion of glucose, 75 g (OGTT). Expression 
of 1) I (U/L) and G (mM/1 Responses during OGTT as (a) cumulative response 
(CR) calculated by adding the differences between levels at times of 
determinations and F level; (b) difference between peak (P) and F levels (A). 2) 
Early insulin secretion as CRI over 30' and 60’. 3) Total insulin secretion during 
OGTT as AI/AG and CRI/CRG (U/mM/1). 4) Insulin sensitivity as a product, FI x 
FG (U x mM/1). Results: Pre-Rx FG, 14.0 ± 0.7 and PG, 26.0 ± 1.2 declined to 
6.3 ± 0.2 and 15.3 ± 1.0 Post-Rx (p<0.0001 for both). Pre-Rx FI (16 ± 2) was 
markedly elevated and declined to 11 ± 1 post-Rx (p < 0.01), but did not 
normalize (6 ± 1). However, early insulin secretion normalized (30', CRI, Pre-Rx, 
6 ± 1 vs. 51 ± 7 Post Rx p<0.001 N, 52 + 6; 60' CRI Pre-Rx 20 ± 3, vs. 136+16 
Post-Rx, p < 0.001; N, 111 ± 12). Moreover, total insulin secretion improved but 
did not normalize: A V AG, pre-Rx, 0.96 ± 0.2 vs. Post-Rx, 8.9 ± 1.8, p <0.001 vs. 
N, 14.3 ± 2.1 p <0.01 and CRI/CRG, Pre-Rx 0.75 ± 0.2 vs. Post-Rx 7.4 ± 1.1, 
pO.OOl, vs. N, 19.8 ± 2.8, p < 0.01). Finally, pre-Rx insulin sensitivity index 
(241 ± 43) declined significantly post-Rx (65 ± 5) and normalized (29 ±3) in 6 of 
14 subjects with Type 2 DM. Conclusion: Glimepiride improves early and total 
insulin secretion as well as insulin sensitivity while achieving desirable glycemic 
control in new onset Type 2 Diabetes Mellitus. 
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Hypoglycaemia in patients with Type 2 diabetes in the UKPDS 

Carole A. Cull (1), Alex D. Wright(l), Kenneth M. Macleod(2) and Rury R 

Holman(l) for the UKPDS Group 

Diabetes Trials Unit, OCDEM, University of Oxford, UK(l)and Diabetes, 
Endocrinology and Vascular Health, Exeter Postgraduate Medical Centre, UK(2) 
Background and Aims: The UKPDS demonstrated that a more intensive blood 
glucose control policy can reduce the risk of diabetes related complications in patients 
with type 2 diabetes. The DCCT similarly showed that an intensive blood glucose 
control policy was beneficial in type 1 diabetes. In the DCCT however, 
hypoglycaemia rates of 61 per 100 person years (py) were associated with the 
intensive glucose control policy, and the rate increased with decreasing levels of 
concurrent haemoglobin Ale (HbAlc). We have examined the self-reported 
hypoglycaemia rates seen in UKPDS patients and investigated the relationship to 
concurrent HbAlc and other factors over the first six years following diagnosis of 
diabetes. Materials and Methods: 2928 UKPDS patients randomised to an intensive 
glucose control policy following their dietary run-in period were included. Patients 
were asked specifically about hypoglycaemic episodes (graded from 1 to 4) at three 
monthly clinic visits and the grade of the most severe recorded. Episodes requiring 
remedial action by the patient or a third party (grade 2 or more) have been analysed. 
A binomial regression model was used to calculate absolute risk rates in relation to 
current HbAlc, concurrent therapy and sex. Results: Hypoglycaemia rates (95°/oCI) 
for intensively treated patients, allocated to and remaining on either insulin or 
sulphonylurea, were 3.3 per 100 py (0.1 to 45.4). In patients treated with 
sulphonylurea alone there was a progressive reduction in hypoglycaemia rates with 
increasing HbAlc from 1.5 per 100 py (0.3 to 5.9) for concurrent HbAlc <6 % to 0.6 
per 100 py (0.3 to 1.3) for HbAlc =>9 %. The reverse was seen in those treated with 
basal insulin where hypoglycaemia rates increased from 3.2 per 100 py (1.8 to 5.5) to 
7.7 per 100 py (6.3 to 9.5) over the same HbAlc range. Female patients reported 
higher hypoglycaemia rates than males (3.0 (2.6 to 3.6) vs 2.2 (2.0 to 2.4) per 100 py, 
p<0.0001). Conclusions: Hypoglycaemia rates in patients with type 2 diabetes treated 
with a more intensive glucose control policy were higher in females, but overall, rates 
were substantially lower than those seen in intensively treated patients with type 1 
diabetes, even when type 2 patients were treated with insulin. Concern about 
hypoglycaemia should not be a major limitation to implementing more intensive 
glucose control in people with type 2 diabetes. 
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The effect of hypoglycaemia visual and auditory processing in man: a 
functional Magnetic Resonance Imaging Study 
J. Miranda Rosenthal, V. Giampietro, E Builmore . D. Hopkins , M. Evans , 
C. Andrew, L. Yaguez, S.C.R. Williams, S.A. Amiel. 

Department of Medicine, Kings College London, UK. 

Background and Aims: Hypoglycaemia with cognitive dysfunction is a 
feared side effect of insulin treatment. The performance of an action and 
the avoidance of danger in everyday life requires intact visual and auditory 
processing We examined the effect of acute mild hypoglycaemia on visual 
and auditory processing in the brain using functional Magnetic Resonance 
Imaging. 

Materials and Methods: Right handed volunteers were exposed to a 
visual and auditory stimulus during a euglycaemic- hypoglycaemic 
(5mmol/l and 2.4 mmol/l, n=5) and euglycaemia (5mmo!/l, n=5) damps. 
Brain activation was measured by functional magnetic resonance imaging 
(Blood Oxygen Dependant Imaging). 

Results: There was a reduction in brain activation in the Primary Visual 
Cortex (Taiiarch co ordinates: -9-81 -7 voxel size2 & 40-72-7 voxel sizel S 
14-94-2 voxel sizel, and 3-72-7 voxel size4,. The Inferior Temporal Lobe: - 
52-53-7 voxel sizel & 52-5-2 voxel sizel) Increased activation was seen in 
the parastriate visual cortex:-38-75-7 voxel size2) All analyses run at a p 
value of 0 005.No global reduction in activation was identified, with most 
areas remaining unaffected. 

Conclusions: We condude that visual and auditory processing is 
preserved during hypoglycaemia, the brain areas involved demonstrating 
a very limited reduction in adivation. The appredation of these sensory 
modalities during hypoglycaemia is unlikely to be the limiting factor which 
results in cognitive dysfunction during hypoglycaemia. 
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SEVERE HYPOGLYCAEMIA AND UNAWARENESS L\ CHILDREN AND 
ADOLESCENTS TREATED AT SWEDISH GENERAL HOSPITALS 

S. Nordfeldt, C. Johansson, G. LundstrOm, J-A. Hammersjd 

Division of Pediatrics and Center for Medical Technology Assessment, Dept of 
Health and Environment, Faculty of Health Sciences, Link&ping, and the hospitals of 
Jonkoping, Kalmar and V&stervik, Sweden 

Background and Aims: Treatment resources per Swedish diabetes patient have been 
gradually reduced during the 90ies along with the increased incidence of type 1 
diabetes. The aim of this study was to investigate occurrence of self-perceived 
unawareness related to severe hypoglycaemia in type 1 diabetes children and 
adolescents treated at general hospitals in Sweden. 

Materials and Methods: A geographic population of 333 intensively treated patients 
aged 3.9-20.1 years, (median 13.9), with duration 1.8-18.3 years (median 5.4), year 
mean HbAlc 4.7-13.4% (median 7.6, mean 7.8, SD 1.4, ref. range 3.7-5.0, method 
level 1.15% below DCCT), was asked to complete a questionnaire regarding severe 
hypoglycaemia during the last 12 months. Self-perceived unawareness was estimated 
using the previously used question “Can you feel when you are low in blood- 
glucose?” Patients responding “always” were classified as having normal awareness 
and those responding “usually”, “occasionally” or “never” were classified as having 
impaired awareness. 

Results: Data were obtained from 74% of patients. A mean of 2.5 physician visits per 
patient had taken place during last 12 months (range 1-5). A total of 81/247 (33%) 
reported having had one or several events of severe hypoglycaemia that required the 
assistance of another person during the preceding 12 months. Severe hypoglycaemia 
was reported from 62/152 patients reporting impaired awareness, but from 19/95 with 
normal awareness (p=0.0002). 

Conclusions: A high proportion of this population with infrequent visits and 
suboptimal metabolic control reported impaired unawareness, and as expected their 
incidence of severe hypoglycaemia was higher. Structure of care need to be improved, 
aiming at good metabolic control and prevention of severe hypoglycaemia. 
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Effect Of Rate Of Fall Of Blood Glucose On Cognitive Function In T1 DM 
Patients Aware and Unaware of Hypoglycemia 

C. G. Fanelli, S. Pampanelli, F. Porcellati, P. Rossetti, E. Costa, E.Floridi, L. Bartocci, 
P. Brunetti and G. B. Bolli. DIMI, University of Perugia, Italy. 

Previous studies indicate that rate of blood glucose (BG) fall does not affect 
counterregulatory/symptom responses to hypoglycemia (H) in humans, but a faster 
fall of BG impairs cognitive function (CF) more than slow fall inTl DM (Diabetes 49 
(Suppl.l): A133,2000). Aim of the present study was to assess whether a fast fall of 
BG differentially affects responses to H in aware vs unaware T1 DM patients. 12 T1 
DM patients were classified as aware (N-6) or unaware (N=6) based on symptom 
responses to a previous stepped hypoglycemic clamp. All patients w ere studied on 
two occasions, during postprandial H plateau (BG 44 mg/dl for 30 min) with the 
hyperinsulinemic G clamp. In the slow-fall study, rate of BG fall was 0.6 mg/dl/min 
and H induced over 90 min, in the fast fall study rate of fall was 1.84 mg/dl/min and 
H induced in 30 min. Results (meantSE): The rate of G fall did not affect 
counterregulatory hormone responses to H, except adrenaline and cortisol responses 
were greater in aware as compared to unaware patients in both studies (p<0.05). As 
expected, symptom score was also higher in aware than unaware patients (12.2±2.6 vs 
4.37±1.53, p<0.05). CF (trail making A and B, PAS AT, digit span backward, digit 
vigilance test, verbal memory test), expressed as z score, deteriorated at the end of H 
plateau vs baseline euglycemia in the slow-fall study to a similar extent both in aware 
and unaware T1 DM patients (z score, -I.59i0.30 vs -1.6Oi0.54, p=NS). In the fast- 
fall study, CF deteriorated more than in the slow-fall only in aware (-3.30aO.50, 
(p<0.05), but not in unaware (-1.89±0.40, p=NS). Single tests affected were Trail 
Making A (attention ) (-1.56±0.80 vs -7.35±2.0, p<0.05, unaware and aware 
respectively). Trail Making B (complex/divided attention ) (-1.50±0.40 vs -3.04aO.49, 
p<0.05), PAS AT 2 sec. (information processing) (-0.3Ii0.32 vs -1.55±0.41, p<0.05) 
and digit span backward (attention/memory rctricvai)(-0.40a0.26 vs -l.98aO.32, 
p<0.05). Thus, during H, not only the BG level achieved, but also the rate of BG fall 
exerts effects on CF in T1 DM The observation that this occurs primarily in aware 
patients indicates that unaware patients are’brain protected’ against factors 
deteriorating CF such as fast fall of BG. 
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REDUCTION IN SEVERE HYPOGLYCEMIA FOLLOWING USE OF 
CONTINUOUS GLUCOSE MONITORING: A PILOT STUDY. 

P.C. Davidson, H. Sabbah, K. McCulloch and B.W. Bode. Atlanta Diabetes 
Associates, Atlanta, Georgia, USA 

Background and Aims: Severe hypoglycemia is a major obstacle to achieving 
intensive treatment goals in type 1 diabetes. The limitations of self-monitored blood 
glucose (SMBG) to detect asymptomatic hypoglycemia, especially at night, contribute 
to the problem. In contrast, continuous glucose monitoring provides a dramatic 
increase in the amount of data available to the clinician attempting to minimize risk of 
severe hypoglycemia. This pilot study was conducted to determine if a reduction in 
the incidence of severe hypoglycemia could be achieved by using the Continuous 
Glucose Monitoring System (CGMS, MiniMed Inc.) in patients with a history of 
severe events. 

Materials and Methods: 10 patients with a history of severe hypoglycemia (at least 1 
event in the prior 3 months) wore the sensor for two evaluation periods. After each 
sensor wear, the glucose profiles were reviewed and therapy adjustments were made. 
The incidence of severe hypoglycemia was recorded at 3 months and 1-year follow¬ 
up. 

Results: The 10 patients were 32 ± 16 years old with a 17 ± 10 year history of 
diabetes. Incidence of severe hypoglycemia decreased significantly after CGMS use 
for both the 3-month (total number of hypo events: 24 pre vs. 1 post, pK).007) and 1- 
year (41 events pre vs. 8 events post, p=0.007) periods. No significant changes in 
either HbAlc (7.2 ± 0.9 vs. 7.2 ± 0.8, p=0.942) nor insulin dose (28.5 ± 7.7 vs. 28.0 ± 
5.2, p=0.794) were observed over the same time periods. 

Conclusions: These results demonstrate that use of the CGMS can have a marked and 
long lasting impact in reducing the risk of hypoglycemia even in well-controlled 
diabetic patients prone to severe hypoglycemia. 
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Patient Treatment Satisfaction is Not Affected by Frequency of Hypoglycacmia 
in Type 1 Diabetes: Investigation with Continuous Subcutaneous Blood Glucose 
Measurement 

K. Howorka, J. Pumprla, M. Gabriel and H. Grillmayr. 

Institute of Biomedical Engineering and Physics, University of Vienna, Austria. 
Background and Aims: To investigate relationships among reported frequency of 
symptomatic hypoglycemia, low blood glucose (BG) values in $elf-monitoriitg/in 
continuous subcutaneous glucose measurement and treatment satisfaction in type 1 
diabetes. Materials and Methods: Prospective pilot study in sixteen type 1 diabetic 
patients (age: 44±9 SD, diabetes duration: 18±10 years) using functional insulin 
treatment (FIT: basal, prandial and correctional dosages). Observation period was 
181±I1 days. Patients reported 27 (median, 6-98) symptomatic hypoglycemic 
episodes, which have always been accompanied by a BG self-measurement and 
documentation of symptoms. Self-monitoring (6,2±l,9/day) was performed with 
Accutrend Sensor Complete® glucometer. HbAlc (6.8±0.7%), ref 4.2-6.0%, and 
treatment satisfaction have been investigated repeatedly. The follow'-up included 
subcutaneous measurement via glucose sensor (CGMS Minimed®) for 73±28 hrs. 
Results: In self BG monitoring, 1.3% values were below 40,2.9% below 50 and 3.9% 
below 60 mg'dl, whereas 22.6% of all values were above 200 mgML HbAlc 
correlated (0.75, p=0.001) with perceived number of symptomatic hypoglycemia and 
with number of BG readings above 200 mg/dl. Frequency of BG readings above 200 
mg/dl correlated (0.53, p=0.03) with that of symptomatic hjpoglycemia. CGMS 
confirmed that subjective perception of hjpoglycemia diverges from objectively 
recorded low' BG values. Ten percent (1Q±8%, range 0.3-23%) of the sensor recording 
time displayed BG values below 40 mg/dl. Treatment satisfaction assessed with 
DTSQ questionnaires show ed no relationship neither with perceived (-0.3, p=0.9) nor 
recorded hjpoglycemia, but was significantly inversely related to frequency of high 
BG readings (43.5, p=0.05). Conclusions: A higher HbAlc and frequency of 
hyperglycemia is associated with more frequently perceived hjpoglycemia. No 
relationship exists between perceived hjpoglycemia frequency and hjpoglycemic 
values in self BG monitoring, as well as in CGMS. In tjpe 1 diabetic patients with 
FIT, glycemic control assessed by HbAlc and frequency of perceived and/or recorded 
hypoglycemia does not influence patients treatment satisfaction. 
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Continuous glucose monitoring can help to decrease frequency of symptomatic 
hjpogtycaemia in patients w ith type 1 diabetes treated w ith CSII 
J. Broz, Ts. Altannavch, M. Andel 

Centre of Diabetology, 2nd Department of Internal Medicine, Faculty Hospital of 3rd 
Medical Faculty of Charles University, Prague, Czech Republic 

Background and Aims: Availability of continuous glucose monitoring sj’stem 
(CGMS, MiniMed Inc.) offers the possibility to obtain 288 blood glucose readings a 
day through a 72 hour period. Previously published data showed better diabetes 
control when CGMS was used to identify appropriate therapy adjustment 
We wanted to determine if the use of CGMS in patients with tjpe I diabetes treated 
with continuous subcutaneous insulin infusion will result in decreased number of 
sjmptomatic hjpoglycaemias. 

Materials and Methods: 9 patients (1 female and 8 men, age 38,4,± 9,3 (mean ± 
SEM)) with tjpe 1 diabetes (duration 15,3 ± 7,38, HbAlC 7,7 ± 0,63%, 9,0 ± 3,8 
sjmptomatic hjpoglycaemias per month- during previous 4 months, total of 7 
nocturnal episodes, no severe event) treated by CSII (duration 2,4 ± 1,46). Each 
patient wore CGMS for 3 working daja during his normal activity.Important events 
including insulin, exercise, meals and hjpoglycemic episodes were self-recorded. 
After CGMS use continuous glucose profiles w ere reviewed to identify changes in 
therapy. Therapy adjustment included changes to insulin dosage, diet and treatment of 
high and low blood glucose values. Sjmptomatic hjpoglycacmic episodes were 
recorded for next 8 weeks and HBAlc values were obtained in week 8. 

Results: We found a decrease in number of sjmptomatic hjpogfycaemias per month: 
5,11 ± 1,76 (no nocturnal or severe event) vs. 9,0 ± 3,8 in previous period (7 
nocturnal, no severe episode), p< 0,05. We also found a decrease in HBAlc: 6,77 ± 
0,6% in w eek 8 v.s. 7,7 ± 0,63% at baseline, p<0,09. 

Conclusions: Continuous glucose sensing provides meaningful data for individuals to 
personalize their pump insulin regimen to reduce risk of sjmptomatic hjpogtycaemia 
and to obtain better diabetes control. 
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Risky Detection Delay of Fast Blood Glucose Changes by Glucose Monitoring at the 
Arm. 

T. Koschinsky and K. Jungheim, German Diabetes Research Institute, Duesseldorf, 
Germany 

Background and Aims: Alternate site glucose monitoring of capillary blood glucose. 
(BG) is an attractive new option in addition to measurements at the finger. But patients 
with diabetes reported discrepancies between clinical symptoms of hjpoglycaemia and 
normoglycaemic values at the arm during self-monitoring. As technical and handling 
problems could be excluded, we examined the question whether fast BG changes over a 
large range result in clinically relevant BG differences between arm and finger and 
whether local rubbing at the arm could influence such differences. Materials and 
Methods: Capillary BG samples were taken from the fingertip and the forearm of 23 
diabetic patients on intensified insulin treatment (diabetes tjpe 1/2: 18/5, age: 18-62 years, 
diabetes duration: 0.1-28 years) using the following meters: FreeStyle (TheraSense, USA), 
Soft-Sense (MediSense/Abbott, USA) and OneTouch Ultra (Lifescan, USA) according to 
the following protocol: After an overnight fast the usual pre-breakfast insulin was omitted 
and the breakfast was replaced by an oral glucose load (equivalent to 75g glucose) (Dextro 
O.G-T., Roche, Germany) to achieve BG values of 300-400 mg/dl. Then the patients' 
usual short acting insulin was given intravenously at an individual dose (6-40 
IU/injection). The capillary BG was followed every 15 min until either steady state or 
hjpoglycaemia (<60 mg/dl) was reached. Results: There have not been any device 
specific differences. At the fasting steady state the BG values at the finger (mean±SD: 
129±33 mg/dl) and at the arm (12I±32 mg/dl) were similar for all patients. The BG 
increase at the arm (150±33 mg/dl) was smaller than at the finger (205±36 mg/dl within 
86±22 min) (p<0.01). During fast BG increase the arm BG was lagging behind the finger 
BG by 30 minutes (range: 6-91) at 250 mg/dl. During fast BG decrease [3.1±1.0 
(mg/diyminute] the arm BG was lagging behind the finger BG by 37 minutes (range: 19- 
67) at 100 mg/dl. At the first hjpoglycaemic fingertip value (44-63 mg/dl) the arm BG 
differed by a mean of 462 mg/dl (range: 4-26 - +106)(p<0.01). For the 3 patients with 
hjpoglycaemic unawareness, the first asymptomatic hjpoglycaemic values at the finger 
(44/51/53 mg/dl) were accompanied by normoglycaemic values at the arm (106/142/159 
mg'dl). Rubbing decreased the observed differences on average by half but with a large 
intra- and interindividual variability. Conclusions: To avoid risky delays of hyper- and 
hjpoglycaemia detection BG monitoring at the arm should be strictly limited to situations 
in which ongoing fast BG changes can be excluded. 
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Sustained hormonal response to hypoglycemia in type-1 diabetes is associated 

with residual C-peptide 

T. Linn* B. Santosa, J. Schafer, R G. Brctzel 

Medical Clinic & Policlinic III, Justus-Licbig-University Hospital, Giessen, Germany 

Background and Aims: We had reported before on complete lack of severe 
hypoglycemia hi a cohort of adult patients with newly diagnosed type-1 diabetes 
(Linn 1996, 1999). We studied differences in the hormonal response to hypoglycemia 
in type-1 diabetic patients with residual C-peptide mobilised by a stimulus compared 
to patients with residual C-pcptide not responsive to this stimulus. 

Materials and Methods: Hypoglycemic clamps (blood glucose 2.6 mmol/1 at 135- 
150 min) were performed in non-diabctic controls (n=6), type-1 diabetic patients with 
C-peptide response to 1 mg i.v. glucagon (responders, R, n=6) and patients (n=6) not 
responding (NR) to glucagon. Subjects were matched for age and weight, patients also 
for diabetes duration. Mean stimulated C-peptides were control: 1.3 ± 0.5, R 1.2 ± 
0.8, and NR: 0.2 ±0.1 mmol/1. Cortisol, glucagon, epinephrine, norepinephrine, and 
growth hormone (GH) were measured every 15 min. Autonomic and ncuroglycopenic 
symptoms were assessed at eu- and h)poglycemia. ANOVA for repeated measures 
and multiple linear regression was carried out using SPSS. 

Results: Patients had diabetes for 1.1 ± 0.7 years, GHb 7.3 ± 1.6 %, and daily insulin 
dose 0.45 ± 0.1 U/kg. These parameters were not different betw een R and NR. Mean 
glucagon response was significantly higher in R compared to NR (l 12 ± 13 vs. 91 ± 3 
pg/ml, p<0.001). Mean GH secretion in R was lower (9.4 ±7.1 vs. 15.2 ± 9 ng/ml, 
p<0 01). Neither autonomic nor neuroglycopcnic symptom score was significantly 
different. Glucagon release subsequent to hypoglycemia was positively related to 
stimulated C-peptide. Interestingly, GH response was decreased in the R-group. 
Conclusions: We cannot decide whether these effects are directly dependent on C- 
peptide action or other mechanisms associated with persisting insulin reserve of the 
endocrine pancreas. 
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RECOVERY OF GLUCAGON RESPONSES TO HYPOGLYCEMIA OCCURRING 
rN THE POST-PRANDIAL STATE IN T1 DM 

S. Pampanelli, C. Fanelli, F. Porcellati, E. Floridi, P. Rossetti, P. Brunetti and G.B. 
Bolli. Eh.M.I., University of Perugia, Italy 

Glucagon (IRG) responses to hypoglycemia (H) seem irreversibly blunted/absent in 
the natural history of T1 DM with progressive loss of pancreatic B-cell function. If it 
were possible to recover IRG responses to H, safety of intensive insulin therapy in 
T1DM w ould increase. Aim of these studies was to assess whether IRG responses to 
H recover in the postprandial (PP) vs fasting (F) state. 5 patients with TIDM (age 
3113 years, diabetes duration 1713, C-peptide <0.02 nmol/1, HbA u 7.110.2) and 5 
nondiabetics were studied on 2 random occasions, in F and PP (mixed meal 447 Kcal, 
46% CHO, 22% protein, 32% lipids) state. On both occasions, H was induced by i.v. 
insulin (2 mU/kg/min for 205 min) + variable glucose infusion to clamp the fell of 
plasma glucose (PG) from baseline euglycemia (E) to 44 mg/dl in 90 min, to maintain 
the plateau PG of 44 mg/dl for 30 min, and to recover PG to E in 70 min. Results of 


IRG (pg/ml): 

Tl DM 

Basal Euglycemia 

Hypoglycemia 

Recovery Eugly cemia 

Fasting 

1I0±13 

118±!4 

102±U 

Postprandial 

Noadiabetics 

122±19 

195±45*° 

127±41 

Fasting 

I95±30 

215136 

154±29 

Postprandial 

212±26 

400±42*° 

265±35 


(*p<0.05 vs basal and recovery euglicemia; °p<0.05 vs fasting hypoglycemia) 
Adrenaline responses to H were increased by meal in nondiabctics (-50%) and T1 
DM (-15%). Thus, in both nondiabetics and T1 DM, IRG responses to H increase in 
PP state. This is likely the result of meal aminoacid (AA) stimulation of pancreatic A- 
cell although a contribution by increased adrenaline cm A-cell cannot be excluded. In 
nondiabetics, PP state exaggerates IRG responses which do occur in F state. In TI 
DM, PP state recovers the missing responses in the F state. Because in Tl DM in the 
PP state rRG responses increase in H, but decrease to baseline after recovery of E, 
whereas AA remain increased in both H and E, it is concluded that AA do not 
stimulate pharmacologically the A-cell, but exert a permissive role for responses of 
IRG specifically during H. 
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Plasma glucose disappearance rate and restoration of euglycemia are not 
affected by repeated insulin-induced hypoglycemia in normal volunteers 

M. Manco, G. Mingrone, Del Parigi, 1A. De Gaetano, A., E. Capristo and A.V. 
Greco. Department of Internal Medicine; 1CNR Centro di Studio per la Fisiopatologia 
dello Shock; UCSC, Rome, Italy. 

Background and Aims: Hypoglycemia represents a major acute complication of type 1 
diabetes mellitus and its therapy, contributing to both its morbidity and mortality. 

Aim of the study was to evaluate in eight healthy male volunteers the effect of rapid 
impulsive, sequential perturbations of the glucose-insulin system produced by I. V. boluses 
of rapid-acting insulin (0.025, 0.05 and 0.1 ulU/kgbw insulin received in randomly 
sequence). 

Materials and Methods: Each subject ( mean age 25 ± 3 yrs; BMI 22.8 ± 2.0 kg/m2) 
received the three doses of insulin in three successive periods, separated by suitable 
recovery times. Glycemia was analyzed at -10, -5, and 0 min, every 1 min for 30 minutes, 
and every 5 minutes thereafter, until plasma glucose level returned to 80% of the basal 
value; insulin at -10, -5, 0, and 5 min, and every 15 minutes thereafter for the entire 
experiment Counterregulatory hormone peaks (epinephrine, norepinephrine, cortisol, GH, 
and glucagon) were also measured For each period, the first decreasing portion of the 
glucose curve, from period baseline to the period Nadir, was fitted by ordinary least 
squares to a monoexponential decay giving the parameter Kil 1. The parameter T80 was 
estimated by linear interpolation of neighboring concentration points and expresses the 
time needed for recovery from Nadir to 80% period baseline. 

Results: KITT w as not significantly affected by the amount of insulin injected nor by the 
period Plasma glucose Nadir significantly (P = 0.022) decreased with higher administered 
insulin doses. Higher doses of injected insulin resulted in longer T80 values (P - 0.002). 
The peak height of counterregulatory hormones was not significantly dependent either on 
the period examined or on the dose of insulin administered Epinephrine peak levels were 
negatively correlated with the Nadir level (R = -0.429, P 0.037), and positively 
correlated with T80 (R = 0.484, P = 0.017). 

Conclusions: The present study indicates that plasma clearance of glucose after different 
LV. doses of insulin is a constant for a given subject, while the Nadir is dependent on the 
amount of insulin administered Furthermore, the recovery of plasma glucose 
concentration to at least 80% of the basal value is always reached after 600 minutes of 
fasting and three doses of insulin, indicating that at least in healthy subjects there is no 
exhaustion of counterregulatory hormone response. 
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DOES LONG-TERM THEOFHYLLLNE TREATMENT IMPROVE 
HYPOGLYCEMIA UNAWARENESS IN TYPE I DIABETES? 

B.E. De Galan, C.J. Tack, J.A. Lutterman, and P. Smits. Depts of Medicine and 
Pharmacology-Toxicology, University Medical Center Nijmegen, Nijmegen, The 
Netherlands 

Background and Aims: In type 1 diabetic patients, single-dose administration of the 
adenosine receptor antagonists theophylline or caffeine has been shown to improve 
metabolic responses to and awareness of hypoglycemia. Long-term use of these 
agents has been associated with development of tolerance, restricting its potential 
efficacy in treating hypoglycemia unawareness. We therefore investigated the effect 
of long-term theophylline on responses to hypoglycemia in type 1 diabetic patients 
with hypoglycemia unawareness. 

Materials and Methods: Twelve patients participated in a randomized placebo- 
controlled doubleblind cross-over study. Slow-release tablets containing either 250 
mg theophylline or placebo were used twice daily for 2 weeks. Thereafter, 
hyperinsulinemic (60 mU/m2/min) hypoglycemic (4.8-3.4-2.4 mM) glucose clamps 
were performed. During the clamps, both objective (glucose infusion rates [GIR], 
hemodynamics, and sweat detection using dew point electrode) and subjective 
(symptoms using checklists) parameters were recorded. 

Results: During theophylline, hemodynamic responses to hypoglycemia were more 
pronounced for heart rate (+10±4 vs +2±2 bpm, P<0.05), pulse pressure (±3±2 vs - 
1±2 mmllg, P<0 05), and pressure-rate product (+708±538 vs -371±273 bpm'mmHg, 
P<0.05) compared to placebo. With theophylline, sweating responses tended to occur 
at higher glucose levels (2.52±012 vs 2.28±O.OS mM, P=0.08). Finally, GIR at 
hypoglycemic nadir was lower during theophylline as compared with placebo 
(2.4±0.5 vs 3.0±0.3 mg/kg/min, P<0.05), indicating augmented counterregulatory 
hormone release. In contrast, subjective symptom scores were not significantly altered 
by theophylline. 

Conclusions: During long-term treatment with theophylline, we still observed an 
augmented counterregulatory response to hypoglycemia, which may help recovery 
from and perception of hypoglycemia. The negative results on subjective symptoms 
indicate that the benefit of theophylline treatment may be further improved by 
awareness training focussed on the hemodynamic and sweating responses to 
hypoglycemia. 
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Clinical Effects of Thiazolidinediones 
in Type 2 Diabetes 

844 

Patient characteristics and drug treatment patterns associated with use of newer 
thiazolidinediones. 

V.F. Schabert2, C.A. Neslusanl, J. Conklin2, D. Esposito2. IR.W. Johnson 
Pharmaceutical Research Institute, Raritan, NJ, USA; 2Tbe MEDSTAT Group, Santa 
Barbara, CA, USA 

Background and Aims; One of the newest drug classes used in the treatment of type 2 
diabetes is the thiazolidinediones (TZDs) The first TZD (troglitazone) was approved in 
the U.S. in 1997 but removed from the market in 2000. Two newer TZDs (rosiglitazone 
and pioglitazone) were approved in the U.S. mid-year 1999. This study examines the 
patient characteristics and prior drug treatment patterns associated with receiving a 
prescription for a newer TZD after U.S. approval. Materials and Methods: Health plan 
enrollment data, medical claims, and pharmacy claims from the MarketScan databases 
were used to construct a sample of patients receiving drug therapy for diabetes. The 
sample included 42,531 type 2 diabetes patients who received at least one prescription for 
an anti-diabetic drug and were continuously enrolled between 1/1/1998 and 5/24/1999 (the 
study pre-period). Of these, 21,427 also had claims and enrollment data from 5/25/1999 
through 6/30/2000 (the study follow-up period). We excluded an additional 220 patients 
who initiated troglitazone during the follow-up period. Results: The final sample included 
21,207 patients; 6,302 of these received a newer TZD during the follow-up period. Mean 
age of patients was 63.5 years (SD—11.5); 11,443 patients (54.0%) were male. Logistic 
regression results indicated that TZD use was significantly higher (p<05) among patients 
with pre-period use of troglitazone (odds ratio [OR]=9.3), sulfonylureas (OR-1.6), aJpha- 
glucosidase inhibitors (OR=1.5), or metiglinide analogues (OR=2.0). It was also 
significantly higher for patients with more pre-period diabetes drug use (OR=1.03 per 30 
days), patients without diabetes complications (OR=l.l), and those with prior coronary 
artery disease (OR=l.I). TZD use was significantly lower among patients with pre-period 
use of insulin (OR=0.6) and biguanides (OR=0.6). Age has an inverted u-shape 
relationship with TZD use. The odd-ratios associated with age and aged squared are 1.5 
(per 10 years of age) and 0.96 (per 10 years of age, squared), respectively. TZD use was 
not associated with patient sex or with insurance type. Conclusions: This study provides 
an early look at the characteristics of patients who are being prescribed newer TZDs. TZD 
use is associated with prior diabetes drug treatment patterns, diabetes severity, and 
comorbidities. These factors may confound observed differences in outcomes between 
patients using TZDs and other anti-diabetic drugs. 
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Muscle fat content predicts clinical efficacy of pioglitazone in type 2 diabetic 
patients 

T. Kamada, T. Kamikubo, T. Tokuda, A. Nakashima, J. Hashiguchi. Imamura Bun-in 
Hosp. and Tempozan Clinic, Kagoshima, Japan. 

Background and Aims: We have previously reported that computer tomography 
(CT) density of skeletal muscle strongly predicts the clinical efficacy of troglitazone 
in type 2 diabetic patients, suggesting that muscle fat palys an important role in the 
mechanism of thiazolidenedione derivatives on glucose metabolism. To confirm this 
observation, we assessed how regional body fat affected the improvement of glycemic 
control induced by pioglitazone in type 2 diabetic patients. 

Materials and Methods: Both visceral and subcutaneous abdominal fats as well as 
muscle fat were determined with CT scanning in 20 type 2 diabetic patients (9 men 
and 11 women, age: 60.0+2.4, BMI: 25.6+0.7Kg/m2) who were poorly controlled 
with sulfomyluria or diet (HbAlc: 8.3+0.3%). Muscle fat content was assessed from 
the density values of cross-sectional CT in hip and thigh muscle. Pioglitazone (30 
mg/day) was supplemented for up to 6 months, and then we evaluated how each 
regional fat content affected improvement of HbAlc (altered % of initial values). 
Results: Supplementation of pioglitazone decreased HbAlc to 80.7+2.1% of the 
initial values, but there was a wide dispersion from 94.1 to 63.6%. Simple linear 
correlation analysis revealed that both initial thigh and hip muscle CT densities and 
initial HbAlc levels were significantly correlated to the improvement of HbAlc after 
the supplementation of pioglitazone (thigh: R^O.64, p<0.005, hip: R=0.53, p<0.05, 
HbAlc: R=0.74, p<0.001). However, none of age, BMJ, initial fasting IR1, abdominal 
visceral or subcutaneous fat area were related to the improvement of HbAlc. In 
stepwise multiple regression analysis using variables, age, BMI, fasting ERI, initial 
HbAlc, abdominal visceral and subcutaneous fat area, and muscle CT density, three 
variables entered the regression equation for the improvement of HbAlc; the first was 
initial HbAlc (R2=0.48), the second was thigh muscle CT density (R2=0.59), and the 
third was hip muscle CT density (R2=0.72) showing that these three factors accounted 
for 72% of variances in the improvement of HbAlc. 

Conclusions: We conclude that muscle fat content strongly predicts the clinical 
efficacy of pioglitazone in type 2 diabetic patients. We thereby suggest that muscle fat 
content is important in the mechanism of thiazolidenedione derivatives. 
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Clinical TriaJ Experience of Risk for Liver Enzyme Elevation with Concurrent 
Pioglitazone and HMG-CoA Reductase Inhibitors. 

M.A. Khan, J.V. StPeter, Jay L. Xue, Mayo Clinic, Rochester, MN, Hennepin County 
Medical Center and University of MN, Minneapolis, MN, USA 

Background and Aims: The relationship between use of thiazolidinediones (TZD) and 
liver enzyme elevation is of clinical importance. Troglitazone, the first TZD marketed, 
was removed from use due to liver toxicity. While no predictive relationship between liver 
enzyme (LFT) elevation and TZD-related toxicity was defined, routine LFT monitoring is 
recommended for other TZDs in hopes of early detection of any serious liver toxicity. 
Patients with Type 2 diabetes are at greater risk for a variety of liver disorders and are 
routinely exposed to multiple pharmacologic agents. In a cohort of patients treated with 
troglitazone in combination with an HMG-CoA reductase inhibitor (statin), we recently 
described a 9-fold increased risk versus troglitazone alone, for LFT elevations greater than 
3x the upper limit of normal (ULN). Thus it appears that concurrent statin and TZD use 
may represent a potential risk for development of significant LFT elevations. 

Materials and Methods:Liver enzyme activity (ALT & AST) in patients with Type 2 
diabetes who participated in 6 clinical trials using pioglitazone (PIO) was compiled. 
Demographic and concurrent lipid lowering drug therapies were tabulated. PIO doses used 
in these trials ranged from 7.5 to 45 mg per day. Complete data was available for 
1519/1524 patients (676 female, 843 male). LFT were measured at baseline and 7.3 ± 1.7 
times during PIO exposure in each patient Since PIO is approved for clinical use in doses 
ranging from 15 to 45 mg per day, patients with PIO exposures less than 15 mg per day 
and those with LFT elevations greater than ULN at baseline were excluded. Data are 
meartfcSD with significance per t-test or Chi-squared test if appropriate. 

Results: Initially, 1.5x ULN elevations in ALT or AST occurred in 128/1519 (8.4%) with 
3x ULN elevations in 6/1519 (0.4%). The final cohort had 1.5x ULN LFT elevations in 
27/1223 (2.2%) of patients and 3x ULN elevations in 2/1223 (0.2%). PIO exposure was 
113i41 days with no difference (p>0.2) between statin user and nonuser groups. Gender 
mix was similar (p>0.6) between statin users (80 F, 108 M) and nonusers (457 F, 578 M). 
BMI was no different (p>0.1), statin users 31.4±5.l kg/m2, nonusers 32.0+5.5 kg/m2. No 
difference (p=0.09) in I.5x ULN elevations was detected between statin and non-statin 
users. There were no LFT elevations 3x ULN noted in the concurrent statin group. 
Conclusions: Contrary to findings with troglitazone and statin use, no increase risk of 
LFT elevation was noted at approved PIO doses with concurrent statin use when those 
with abnormal baseline LFT are excluded from analysis. 
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Pioglitazone reduces intra-abdominal fat 

M.E.J. Lean, M. Priest, S. Stump, M. Martin, C. Slater, C. Gibson*, G. Edwards** 
Human Nutrition at Glasgow; *HCI Clydebank; **Takeda Europe R&D Centre 

Background and Aims: Type 2 diabetes and the metabolic syndrome are 
underpinned by insulin resistance and characterised by obesity and centra! fat 
distribution. However increased insulin sensitivity promotes lipogenesis. This study 
tests the hypothesis that pioglitazone, an insulin sensitising agent, might have adverse 
effects on body fat. 

Materials and Methods: A randomised placebo-controlled trial of pioglitazone 45 
mg/day for 18 weeks in type 2 diabetic patients treated only with diet aimed at weight 
maintenance. 

Results: In controls (n=12) there was no change in body weight (0.0, Cl -1.1 to 1.0 
kg) but patients treated with pioglitazone (n=13) gained 2.5 (Cl 0.7 to 4.2) kg, of 
which 2.2 (Cl 0.6 to 3.9) kg was fat (deuterium dilution method). Intra-abdominal fat 
mass, however, showed a significant reduction of 0.12 (Cl -0.19 to -0.06) kg 
compared to controls (Magnetic Resonance Imaging). There were significant 
increases in triceps and biceps skinfold thicknesses and in hip circumference amongst 
patients treated with pioglitazone compared to controls, but no significant differences 
in waist circumference or waist/hip ratio. These body composition changes were 
associated with significantly reduced HbAlc (-1.5%) and fasting glucose (-2.4 
mmol/l)compared to placebo. Reductions in triglycerides (-1.22 mmol/I) and LDL 
cholesterol (-1.8 mmol/1) on pioglitazone were not significantly different from 
placebo. 

Conclusions: Although pioglitazone treatment is associated with whole-body 
lipogenesis, intra-abdominal fat is reduced, in keeping with its central role in the 
metabolic syndrome, and an effect of pioglitazone on PPAR gamma principally in 
subcutaneous adipose tissue. Future studies should combine glitazone treatment with 
a weight loss programme. 
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TYPE 2 DIABETES MELLITUS DISEASE PROGRESSION AND TREATMENT 
WITH PIOGLITAZONE (ACTOS*): A POPULATION MODEL APPROACH. 

J. DeJongh 1 , D. Eckland’, R. Heine’ and M. Danhof 1 . 'Leiden/Amsterdam Center for 
Drug Research, Leiden, The Netherlands; ’Takeda European Research and 
Development, London, U.K.; ’institute for Endocrinology, Reproduction and 
Metabolism, Vrije Universiteit, Amsterdam, The Netherlands. 

Background and Aims: Treatment efficacy in patients with type 2 diabetes mellitus 
is usually evaluated by analysis of variance with "last observation carried forward" 
approaches that cannot discriminate between inter- and intra-individual variability of 
observations. The present study contains a population model approach for evaluation 
of glycaemic control with a mcchanism-based model. Materials and methods: Data 
from a 6-month randomized, placebo-controllcd monotherapy study (7.5—45 
mg/day) were evaluated using a non-linear mixed effect model. Glycaemic control, 
characterized by fasting blood glucose (FBG) and HbAlC levels, was described as 
zero-order FBG influx and First order decrease with time-dependent rate, leading to a 
pathological state. HbAlC levels were described as a delayed function of FBG. 
Treatment effects were expressed by counteracting the decrease of the glucose 
removal rate up to 100%, depending on the patient’s observations. Results: The 
population model gave an adequate description of the data. After accounting for 
inter-individual variance, the residual error for the model fit of HblAc observations 
was smaller than for the FBG observations (0.1 vs. 0.6 %). A delayed response of 
HblAc to FBG changes was observed, with a half-life of 2.5 weeks. In addition, 
simulations showed that a number of 50 patients per treatment group is sufficient for 
identification of the significance (P<0.05) between placebo and the lowest active 
drug treatment group. Conclusions: A good description of glycaemic control before 
and during treatment of type 2 diabetes mellitus was achieved with the present 
approach. The model brings observations for FBG and HbAlc under a single, 
common denominator with a high precision for both types of observations. The 
combination of population statistics and mcchanism-based modelling increases the 
sensitivity for evaluation of the significance of different treatment regimes. 
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PIOGUTAZONE REDUCES ATHEROGENIC INDEX OF PLASMA IN PATIENTS 
WITH TYPE 2 DIABETES ON SULPIIONYLUREA 

MH Tan, 1 D Johns, 1 NB Glazer 2 and Pioglitazone Study 010 Group. ‘Eli Lilly and 
Co., Indianapolis, IN, USA and ^akeda Pharmaceuticals North America, Inc., 
Lincolnshire, IL, USA. 

Background and Aims: The Atherogenic Index of Plasma (AIP) is Log (Tg/HDL- 
C) and correlates inversely with LDL particle size (r = - 0.78). Cohorts with low risk 
for coronary heart disease (CHD) have below zero AIP values and those with high 
risk have positive values. People with type 2 diabetes mellitus (T2DM), at high risk 
for CHD, have higher AIPs than their matched controls. We studied the effect of 
pioglitazone (PIO), a thiazolidinedione, on AIP in patients with T2DM currently 
treated with sulphonylurea (SU) and not in good glycemic control (HbAi e > 8.0%). 
Materials and Methods: The AIPs of T2DM patients who participated in a 
multicenter, double-blind clinical trial were calculated and compared for treatment 
effects. After a 6-week run-in period, patients were randomized to placebo (n=175), 
PIO 15 mg QD (n=171), or PIO 30 mg QD (n=179); they remained on the assigned 
treatment for the next 16 weeks. Fasting blood samples were obtained for IIbA lc , 
plasma cholesterol (total-C, LDL-C, and HDL-C), Tg, glucose, and insulin. The 
least-squares mean change (A) in lipids, HbAj c , and AIP from baseline (last 
observation carried forward) for each group was obtained from analysis of 
covariance model with treatment, center and baseline included as a covariate. 
Results: Compared with placebo plus SU, the 15 and 30 mg QD doses of PIO + SU 
lowered HbA lc by 0.88% points and 1.3% points and Tg by 16.6% and 26.1 %, 
raised HDL-C by 5.1% and 12.2% respectively, and had no significant effect on 
total-C or LDL-C. The results for AIP are shown below: 



Baseline AIP 

Mean A AIP 

SEM 

P-value vs 
Baseline 

P-value vs 
placebo 

Placebo-SU 

0.33 

«0.01 

0.013 

P=0.33 



S9BE3HI 

-0.07 



■:5T.Y'M 

I PIO 30 mq + SU | 

1IEE9B1 

-0.14 

Hn 

■sr&n 

■iSiinn 


PIO 30 mg QD + SU was superior to PIO 15 mg QD + SU in providing an improved 
AIP (P=0.0001). Conclusions: Pioglitazone significantly reduced AIP, in a dose- 
dependent manner, in patients with T2DM on sulphonylurea. Because of the inverse 
relationship between AIP and LDL particle size, this decrease in AIP may be 
extrapolated to reflect an increase in LDL particle size. 
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PIOGLITZONE DECREASES INSULIN RESISTANCE IN PATIENTS 
WITH TYPE 2 DIABETES ON METFORMIN 

C Sanes-Miller, 1 MH Tan, 2 D Johns, 2 NB Glazer, 1 and Pioglitazone Srudy 027 
Group. l Takeda Pharmaceuticals North America, Inc., Lincolnshire, IL, USA and 
2 Eli Lilly and Co., Indianapolis, IN, USA. 

Background and Aims: Pioglitazone (PIO) is a thiazolidinedione that targets 
insulin resistance and lowers plasma glucose and insulin levels in patients with 
type 2 diabetes mellitus (T2DM). Recently, QUICKI {l/[Iog(fasting insulin x 
fasting glucose)]}, was shown to correlate well with the hyperinsulinemic 
euglycemic clamp method. We studied the effect of pioglitazone therapy on 
insulin sensitivity, by the QUICKI method, in patients with T2DM currently 
treated w ith metformin (MET) and not in good glycemic control (HbAj c > 8.0%). 
Materials and Methods: The QUICKIs of patients with T2DM w ho participated 
in a multicenter, double-blind clinical trial were calculated and compared for 
treatment effects. After a 6-w'eek run-in period, patients were randomized to 
placebo in combination with MET (n=148) or PIO 30 mg QD in combination 
with MET (n=157). Patients remained on the assigned treatment for 16 weeks. 
Fasting blood samples were obtained for HbA| C , plasma glucose, and insulin. An 
analysis of covariance (with treatment, center, and baseline included as a 
covariate) of percent change (%A) from baseline (last observation carried 
forward) in QUICKI was performed. The least-squares mean %A for the 
PIO+MET group was compared with that of the Placebo+MET group. 

Results: The results for QUICKI are shown: 



Baseline 

QUICKI 

% A 

SEM 

P-value vs 
Baseline 

P-value vs 
placebo 

Placebo - MET 

0.293 

0.3% 

0.59 

P=0.57 


PIO - MET 

0.295 

5.4% 

0.57 

P=0.0001 

P=00001 


In addition, PIO lowered HbA lc by 0.83% points and FPG by 2.36 mmol/L, 
compared with placebo. 

Conclusions: In this study QUICKI proved to be capable of detecting differences 
in insulin sensitivity between pioglitazone and placebo in patients with T2DM 
currently treated with MET. Based on the QUICKI methodology, pioglitazone 
significantly improves insulin resistance, compared with both baseline and 
placebo. 
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ROSIGLITAZONE LMPROVES GLYCAEMIC AND INSULINAEMIC 
RESPONSES IN SUBJECTS WITH IMPAIRED GLUCOSE TOLERANCE 
H. Elasha 1 , A. Agraw'al 2 , N.P. Jones 2 , S.M.A. Bennett 3 , M. Walker 3 and J. Wilding 1 . 
’University Hospital Aintree, Liverpool, UK; 2 SmithKIine Beecham, Harlow', UK; 
3 University of Newcastle, Newcastle-upon-Tyne, UK. 

Background and Aims: Rosiglitazone (RSG) reduces the glycaemic response to a 
mixed meal tolerance test (MTT) in patients with Type 2 diabetes, but has not 
previously been studied in subjects with IGT. Materials and Methods: In a 
double-blind, randomised study, 18 subjects with persistent IGT received either 
RSG 4 mg bd or placebo for 12 weeks and underwent an OGTT and MTT to derive 
post-prandial AUC profiles. Results: Data are presented as mean or, for change 
from baseline, mean ± SD and % change ( f 0.05</?<0.10; */K0.05; **p<0.01): 

_ Placebo (n=9) _ RSG (n=9) 

OGTT: glucose AUC (0-3 h) Baseline 27.5 27.8 

(mmol/1 *h) Change vs baseline 0.4 ± 3.2 (1.1%) -3.4 ± 3.8 (-12.5%)* 

Change vs placebo -3.6* 

OGTT: insulin AUC (0-3 h) Baseline 1617 1693 

(pmoI/l*h) Change vs baseline 66 ±666 (2.9%) -60S ± 601 (-33.4%)* 

_ Change vs placebo _ -665 f 

MTT: glucose AUC (0-4 h) Baseline 26.0 27.3 

(mmol/l*h) Change vs baseline 2.7 ± 4.3 (10.7%) -1.6 ± 2.4 (-5.8%) 

_ Change vs placebo _ -3.2* _ 

MTT: insulin AUC (0-4 h) Baseline 9S1 1203 

(pmol/l*h) Change vs baseline 77 ±179(9.8%) -326 ± 274 (-27.5%)- 

_ Change vs placebo _ -354** _ 

Of the 9 subjects in the RSG group, 8 improved their 2-h OGTT glucose values, 4 
developed normal glucose tolerance and 5 retained IGT {p~ 0.007 vs placebo). In the 
placebo group, 1/9 subject worsened to diabetes and 8/9 retained IGT. Conclusions: 
Consistent with its effects in reducing insulin sensitivity, RSG substantially improves 
the glycaemic and insulmaemic response to OGTT and MTT in subjects with IGT. 
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ROSIGLITAZONE MAY REDUCE INSULIN RESISTANCE-RELATED 
CARDIOVASCULAR DISEASE RISK IN TYPE 2 DIABETES PATIENTS 
T. Leonard, A. Bakst, G. Warsi, and E. Bonora. SmithKIine Bcecham, 

Collegeville, PA, USA, and Verona, Italy 

Background and Aims: Insulin resistance, as estimated by the Homeostasis Model 
Assessment (HOMA), has been reported to be an independent predictor of 
cardiovascular disease in Type 2 diabetes mellitus. One unit increase in log 
HOMA-IR was associated with a 55% increase in cardiovascular disease during a 
4-year follow-up of 960 patients from Verona, Italy. Materials and Methods: The 
effect of rosiglitazone (RSG), a PPARy agonist, on insulin resistance was studied in 
Type 2 diabetic patients participating in three trials. In a 52-week trial, RSG was 
compared with glyburide (GLYB) as monotherapy. In two 26-week trials, RSG, in 
combination with maxima! doses of sulphonylurea (SU) or metformin (MET), was 
compared with SU or MET alone. Results: The results are summarised in the 
Table. Conclusions: The RSG-mediated decrease in insulin resistance in Type 2 
diabetes patients translate into a 9% to 27% reduction in cardiovascular disease. 
Long-term interventional trials involving RSG are currently underway to assess 
w hether the amelioration of insulin resistance produces a reduction in 
cardiovascular events. 


Regimen (no. of subjects) 

Mean change in log HOMA-IR from 
baseline (95% Cl) 

RSG 4 mg/day (152) 

RSG 8 mg/day (146) 

GLYB (158) 

-0.270 (-0.358, -0.181) /K0.0001 
-0.491(-0.578, -0.404) p<0 .0001 

0.030 (-0.043,0.103) p =NS 

RSG 2 mg/day+ SU (198) 

RSG 4 mg/day + SU (183) 

SU (192) 

-0.162 (-0.236, -0.0S8) p< 0.0001 
-0.344 (-0.425, -0.263) p< 0.0001 
-0.005 (-0.074,0.064) p=NS 

RSG 4 mg/day + MET (115) 

RSG 8 mg/day + MET (109) 
MET (113) 

-0.220 (-0.317, -0.122) /K0.0001 
-0.389 (-0.500, -0.278) jxO.OOOl 
-0.063 (-0.133,0.00S)p=NS 
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COMBINED EFFECTS OF ROSIGLITAZONE AND ATORVASTATIN ON TOE 
DYSLIPIDAEMLA ASSOCIATED WITH TYPE 2 DIABETES 
M. Stewart 1 , N.P. Jones 1 , M. Kreider 2 , B. Cohen 2 , M. Freed 2 , N. Biswas 2 , R. Rattner 3 
J. Brunzell 4 . SmithKIine Beecham, *Harlow, UK, 2 CoIlegeville, PA, 3 Medlantic 
Clinical Research Center, Washington DC, 4 University of Washington, Seattle, WA 
Background and Alms: Type 2 diabetes is commonly associated with a complex 
dyslipidaemic profile. This study evaluated the effects of treatment with 
rosiglitazone (RSG) and add-on 3-hydroxy-methylgIutaryl CoA reductase inhibitor 
therapy on the lipid profile of patients with Type 2 diabetes. Materials and 
Methods: Lipid-low’ering agents w'ere withdrawn for 4 weeks prior to 8 w eeks of 
single-blind treatment with RSG 4 mg twice daily. Patients with LDL-cholesterol 
(LDL-C) <160 mg/di and triglycerides <500 mg/dl were then randomly allocated to 
the addition of placebo or atorvastatin (ATV) 10 mg or 20 mg once daily for 16 
w eeks. Complete lipid profile and density gradient ultracentrifugation were obtained 
at 0, 8 and 24 weeks. Results: There was an 8% increase in LDL-C during the first 
8 weeks of the study. Thereafter LDL-C levels remained stable in patients taking 
RSG alone. Compared w ith RSG alone, LDL-C decreased by -33% and -40% in 
those taking ATV 10 mg and 20 mg respectively. In each group, changes in LDL-C 
were mirrored by changes in apolipoprotein B after 24 weeks. Improvements in 
LDL density (R F ) were greatest in the first 8 weeks of the study w hen patients were 
taking RSG alone. After 16 weeks of add-on ATV, improvements in LDL density 
were similar to those seen with RSG alone. With RSG alone, a 7% increase in 
HDL-C was associated with a 17% increase in HDL2 by week 8. Compared with 
RSG alone, HDL-C increased by 6-7% in the patients taking add-on ATV. After 16 
weeks of add-on ATV, there was a minimal change in HDL2 levels compared with 
RSG alone. The proportion of patients reporting adverse events was similar for all 
treatment groups. Conclusions: RSG causes a potentially favourable, 
antiatherogenic change in LDL and HDL heterogeneity in patients with Type 2 
diabetes. In addition, ATV-mediated improvements in cholesterol subfractions are 
sustained when added to RSG treatment. 
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ROSIGLITAZONE REDUCES C-REACTIVE PROTEIN, A MARKER OF 
SYSTEMIC INFLAMMATION IN TYPE 2 DIABETIC PATIENTS 
A. Greenberg 1 , S. Haffner 2 , W. Weston 3 , D. Fuell 3 , J. Christal 4 , N.P. Jones 4 , H. Chen 2 , 
and M.I. Freed 2 . 1 Boston, MA, 2 San Antonio, TX, 3 Collegeville, PA, 4 Harlow, UK 

Background and Aims: Markers of systemic inflammation have been associated 
with risk of progression to diabetes and the development of cardiovascular disease. 
Included amongst these markers are C-reactive protein (CRP) and white blood cell 
count (WBC). We set out to determine the effect of rosiglitazone (RSG) on these 
markers in diabetic patients. 

Materials and Methods: From a group of >350 patients who completed a study 
comparing RSG 4 mg/day and 8 mg/day with placebo (PBO), CRP and IL-6 were 
measured from frozen samples obtained at baseline and following 26 weeks* 
treatment. Effects of RSG and PBO on WBC, CRP and IL-6 were assessed. 

Results: At baseline, CRP correlated significantly (/K0.05) with gender (r=0.275), 
BMI (r=0.300), WBC (r=0.276), and log HOMA%S (r=-0.217), a measure of insulin 
resistance. After 26 weeks, treatment with PBO was associated with small, non¬ 
significant decreases from baseline in CRP (-13.9% [95% Cl, -26.7, 1.2]). 
Conversely, statistically significant decreases from baseline were seen at both RSG 
doses without evidence of a dose response (-38.1% [95% Cl, -44.8, -30.6] for the 
combined RSG treatment groups). Differences from PBO were also significant (- 
30.3% [95% Cl, -42.2, -16.0]). The mean % change (A) from baseline in IL-6 was 
small and similar in the RSG and PBO groups (-5.8% RSG, -5.0% PBO). There was a 
small mean decrease in WBC on RSG (-0.59x10 3 /mm 3 ) but not on PBO. In RSG- 
treated patients, ACRP correlated significantly with AIL-6 (r=0.5601) and AWBC 
(r=0.2927). Weaker but statistically significant correlations were observ ed in the RSG 
group between ACRP and Aweight, AFFAs, and Afasting insulin; and in the PBO 
group betw een ACRP and AIL-6. 

Conclusions: RSG treatment is associated with reductions in the pro-inflammatory 
markers CRP and WBC. These effects may be related to change in insulin resistance 
or to inherent anti-inflammatory properties of RSG and could have beneficial 
consequences for metabolic progression and long-term CVD risk. 
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OSTEOPENIA IN DIABETES MELLITUS: CORRELATIONS TO IGF-1, 
IGFBP-1, IGFBP-3, IGFBP-4 AND IGFBP-5. 

A.Ugarph, Mohan S, Brismar K 

Karolinska Institute^ dept of Molecular Medicine, unit of Endocrinology and 
Diabetology, Karolinska hospital, SE-171 76 Stockholm, Sweden 

Background and Aims; Osteopenia independent of age has been shown in the foot 
and the hip in diabetic patients The cause of this is not clear. IGF-1 has important 
effects on bone metabolism and in diabetes mellitus components of the IGF-1 system 
are altered. IGF binding proteins modulate IGF actions. IGFBP-1 and IGFBP-3 
inhibit IGF's biological activity in general and IGFBP-4 inhibits and IGFBP-5 
stimulates IGF-1 actions in bone. The aim of this study was to correlate bone density 
measured by DEXA Dual energy X-Ray Absorptiometry) to IGF-1 and the binding 
proteins IGFBP-1, -3, -4 and -5. 

Materials and Methods: 26 patients, 8 type 1 and 18 type 2 diabetics, were randomly 
selected for examination with DEXA and blood sampling, IGF-1 and IGF binding 
proteins were analysed using radioimmuno assays. 

Results; Serum levels of IGF-1 were positively correlated to bone density in femural 
neck (T-value) (rK).3, p<0.01) and to IGFBP-5 (r=0.4, p<0.02). There was a negative 
correlation between bone density in spine (T-value) and IGFBP-1 (r=-0.4, p<0.02). 
The females had higher IGFBP-1 levels than the males (p<0.01). Type 1 diabetics had 
higher IGFBP-1 levels (p<0.003) and lower IGF-1 levels (p<0.02) than subjects with 
type 2 diabetes. The duration of diabetes was inversely related to IGF-1 levels (r=0.2, 
p<0.03) and positively related to IGFBP-1 levels (r^0.4, p<0.001). 

Conclusions: Osteopenia measured as low bone density was associated with low IGF- 
1 and IGFBP-5 and high IBFBP-1 levels. This indicates that changes in the IGF 
system may influence bone metabolism in diabetes. Impaired metabolic control 
including insulin deficiency may explain the low IGF-1 and high IGFBP-1 level 
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ANDROGENS AND SEX HORMONE BINDING GLOBULIN IN WOMEN WITH 
TYPE 1 DIABETES. 

0. Alexopoulou, J. Jamart’, D. Maiter, M. Buysschaert Service d'Endocrinologie et 
Nutrition, UCL 54.74, Cliniques Universitaires St Luc, B-1200 Bruxelles et ’Centre de 
Biostatistiques, Cliniques Universitaires de Mont-Godinne, B-5530 Yvoir, University 
Catholique de Louvain, Belgique. 

Background and Aims: Insulin has been demonstrated to stimulate adrenal and 
ovarian androgen production both in vitro and in vivo. Insulin also downregulates sex 
hormone binding globulin (SHBG) which modulates androgen delivery to tissues. 
Therefore, the aim of this study was to analyse androgenic profile and SHBG in a 
group of type 1 diabetic women and to assess whether androgens and/or SHBG 
were influenced by insulin dose and/or glycaemic control. Materials and methods: 
29 type 1 diabetic women aged 50 (46-50) years [median (percentiles 25-75)] with 
diabetes duration of 23 (14-33) years and body mass index (BMI) 23 (21-27) kg/m 1 
were studied. C peptide levels were 0.05 (0.03-0.07) pM and HbAiC was 9.0 (7.9- 
9.7)%. Daily insulin dose was 0.53 (0.46-0.58) U/kg BW. Pre- or postmenopausal 
status was assessed on the basis of estradiol, LH and FSH. Antiadrenal antibodies 
were negative. No women received estroprogestative treatment Plasma levels of 
androstenedione (tu), dehydroepiandrosterone (DHEA), DHEA-sulfate (DHEA-S), 
total testosterone (TT) and SHBG were evaluated. Results: Steroid hormones were 
not increased in this group: thus At, DHEA, DHEA-S and TT were 2.6 (2.0-3.1) nM, 
7.0 (3.3-10.6) nM, 3.0 (1.9-3.6) piM and 1.4 (0.9-1.8) nM, respeclively. Univariate 
statistical tests indicated an inverse correlation of At (P=0.005) and DHEA-S 
(P=0.003) with age. There was no association of androgens with diabetes duration, 
insulin dose and/or glycaemic control. SHBG was 82 (67-110) nM (normal range: 35- 
90) and was negatively correlated with BMI (P=0.05), daily insulin dose (P=0.03) and 
HbAtC (P=0.05). When major confounding factors were considered in a stepwise 
multivariate analysis, we found a decrease of At (P=0.038) with postmenopausal 
status and of DHEA-S (P=0.012) with age, while SHBG remained negatively 
associated with HbAtC (P=0.047). Conclusions: In type 1 diabetic women, adrenal 
androgens decrease with age and/or postmenopausal status, without influence of 
insulin treatment or glycaemic control. However, SHBG levels are inversely 
correlated to quality of glycaemic control. 
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THE POSTMENOPAUSE IN DIABETES: BONE QUANTITY AND QUALITY 
D.J.Hadjidakis^E.Raptis, A-Mylonakis, P.Katsavochristos, M.Sfakianakis, S.A.Raptis 
2 nd Department of Internal Medicine-Propaedeutic, Research Institute and Diabetes 
Center, Athens University, «EvangeIismos» and «Evgenidion» Hospitals, Athens,Greece 
Background and Aims: Diabetes mellitus is known to influence bone metabolism in 
different ways. Photon absorptiometry estimates bone mass whereas ultrasonometry is 
believed to reflect both bone mass and architecture.We attempted to investigate diabetes* 
effects according to bone composition and loading in the postmenopausal phase. 
Materials and Methods: We studied 74 postmenopausal women (37 with type II 
diabetes and 37 normal ones with similar anthropometric characteristics by person to 
person matching). In diabetic women age was 60.844.6 years (mean ±1 SD), years since 
menopause (YSM) 9.544.4 and BMI 27.344.4 kg/in 2 while in normal women 59.94 5.2, 
8.14 4.7 and 26.944.1 respectively. Duration of diabetes was 8.344.2 years. Bone 
mineral density (BMD) was measured at L2-L4, proximal femur (PF) by the DEXA 
method and at Os Calcis (OC) by DEXA and ultrasonometry (BUA, SOS). None of the 
women had received any medication or suffered from any disease affecting bone 
metabolism. Results: No significant differences were observed between the 2 groups in 
regard either to absolute or age adjusted BMD values of L2-L4 or PF areas. Calcaneal 
BMD was significantly higher in diabetic women (0.5840.1 vs 0.50±0.1 g/cm 2 , p=0.01) 
while neither BUA nor SOS differed significantly. In normal women a significantly 
positive correlation was observed betw een PF, OC BMD or BUA and BMI (r=0.35 to 
0,41, p<0.05) while in diabetic ones only regarding OC BMD and BMI (r=0.41, p<0.05). 
Duration of diabetes correlated positively to vertebral and PF BMD (r=031 to 0.33, 
p<0.05). No correlation were observed between either HbAlc or osteocalcin and BMD, 
BUA or SOS in diabetic women. Conclusions: Postmenopausal women with type II 
diabetes do not differ in their bone density of either trabecular or mixed bone compared 
to normal ones. In contrast loaded trabecular bone mass is augmented in diabetic women 
but its architecture as reflected by ultrasonometry seems to lack this benefit In diabetic 
women obesity affects positively bone mass of loaded trabecular bone. Glucose control 
does not appear to influence any of the absorptiometric or ultrascoometric parameters. 
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MENSTRUAL DISTURBANCES IN PATIENTS WITH TYPE I DIABETES 
MELLITUS. 

Atadzhanova M.M., Turakulov Ya.H., Sadykova M-Sh. Institute of Endocrinology, 
Public Health Ministry Tashkent Uzbekistan. 

BACKGROUNDS AND AIMS: Menstrual abnormalities are more common in 
diabetic women. We studied pituitary-ovarian system in patients with type 1 diabetes 
mellitus (DM). 

MATERIALS AND METHODS: We examined 105 patients aged 15-25. The 
control group included 20 healthy women of similar age. The patients were divided 
into two groups: 1) patients with regular menstrual cycles (n=62) 2) patients with 
amenorrhea (n=43). Clinical, gynecologic examination was performed; FSH, LH, 
prolactin (PRL), estradiol and progesterone levels were measured 
radioimmunologically. The patients were inspected with due regard of menstrual 
cycle: women with regular periods - between day 6-9, 13-14 and day 20-23 of 
menstrual cycle, those with amenorrhea being examined twice, with 7-10-day 
interval. 

RESULTS: The more pronounced disorders, that is low level of FSH (3,8+0,68 IU/1), 
LH (2,3+0,51 IU/1) and estradiol (117,8+32,6 pmol/l) have been seen in patients with 
amenorrhea. PRL level was confidently lower than the one in the control group 
(139,4+19,7 vs 242,4+14,5 mlU/1, p<0,01). In patients with regular menstrual cycles 
in compare with control group the reduced level of FSH (3,8+0,5 vs 7,7+I,0 IU/1, 
p<0,01), LH (2,9+0,42 vs 8,1+2,2 IU/1, p<0,01)and estradiol (237,6+57,2 vs 
620,2+60,9 pmol/l, p<0,01) has been revealed at the phase of ovulation. PRL level 
was comparable to the control one. Progesterone at the luteal phase w’as low-er versus 
the one in the control group (5,7+1,49 and 13,8+2,67 nmol/1 respectively, p<0,05). 
CONCLUSIONS: Thus, the findings imply that DM affects both pituitary and 
ovaries. Low PRL level can also be the evidence for disorders in hypothalamus- 
pituitary axis. More severe DM was typical for patients with amenorrhoea than for 
those with regular ones. Strict control of DM in some patients with amenorrhea led to 
restoration of menstrual cycles, but not in all women. Hence, the long-term DM 
control is the primary task in correction of menstrual function disorders, but in the 
view of its insufficiency w e recommend the estrogen therapy for the rehabilitation of 
the menstrual cycles. 
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ALDOSTERONE AND CORTISOL DYNAMICS DURING ORAL GLUCOSE 
TOLERANCE TEST IN MILD TYPE II DIABETES MELLITUS 
Z.Ancstiadi, V.Ancstiadi* Medical University, Chisinau; ‘Centre for Pathology, 
Chisinau, Republic of Moldova 

Background and Aims: The aim of this stud)- was to evaluate the dynamics of 
plasma aldosterone (AL) and cortisol (CL) during the standard oral glucose 
tolerance test (OGTT) in patients (pts) with early mild, uncomplicated type II 
diabetes mellitus (DM). Material and Methods: Study group 1 was composed of 
30 normal subjects (13-male), mean age = 50.90±2.05. Study group 2 consisted of 
25 pts with type II DM (12-male), mean age = 48.72±1.66. Mean DM duration was 
=5.44±0.6I years. Patients with obesity, large vessel atherosclerotic disease, 
hjpcrlipoproteinaemias, renal failure or other severe DM complications were 
excluded from this stud)'. Hormones were determined by radioimmunoassay. 
Results: In normal subjects the AL level at 1st OGTT hour was lower than at 
OGTT start (p<0.05). At 2nd OGTT hour the AL level came back to initial level. In 
pts with DM the AL level at 1st OGTT hour did not differ statistically from the one 
at OGTT start. At 2nd OGTT hour the AL level came back to initial level. In pts 
with DM the AL levels during OGTT hour did not differ. In normal subjects the CL 
level at 2nd OGTT hour was lower than at OGTT start (p<0.05). In pts with DM 
the CL levels during OGTT hour did not differ. In DM the levels of CL at 1st 
OGTT hour were statistically higher than in normal subjects (p<0.05). 

ALDOSTERONE CORTISOL 


Normal Type II DM 
(pmol/1) (pmot/1) 

OGTT time 

Ohrs 329.44-t54.74 245.16±33.40 

1 hrs 176.23L23.94 202.50±23.40 

2 hrs 205.45±22.76 204.35±24.02 


Normal Type II DM 
(nmol/1) (nmol/1) 

388.03±28.31 393.15*38.15 
308.91±34.32 439.87*50.33 
30L92±28.07 387.15*42.05 


Conclusions: The results obtained suggest that in type II DM patients the OGTT 
glucose load does not suppress the secretion of such anti-insulin hormones as 
aldosterone and cortisol. 


A COMPARISON OF INSULIN LISPRO MIX 25 AND HUMAN INSULIN 
30/70 IN THE TREATMENT OF TYPE 2 DIABETES DURING RAMADAN 

V.M. MATTOO, Z. Miliccvic*, J. K. Malone*, M Schwarzenhofer*, A. Ekangald*, 
L.K. Levitt*, L. H. C. Liong*, N. Rais*, H. Tounsi*, *Eli Lilly and Company, 
*Chowpatty Medical Centre, India, ♦University Hospital Ibn Rochd, Morocco 
Background and Aims: Ramadan is a basic principle of Islam that is strictly 
observed by approximately 1 billion people worldwide. Ramadan occurs on the ninth 
month of the Islamic year when followers of Islam must fast from dawn to sunset for 
one lunar month. In addition to changes in dietary pattern, there may also be an 
increased intake of fat and carbohydrates. These changes in dietary' habits can result in 
large postprandial glucose (PPG) excursions that have been linked to cardiovascular 
morbidity in patients with type 2 diabetes. The primary objective of this study was to 
compare insulin lispro Mix25 (Mix25) and human insulin 30/70 (30/70) in evening 
postprandial glucose (PPG) control in patients with type 2 diabetes who wished to fast 
during and during Ramadan. 

Materials and Methods: Mix25and 30/70 were compared in an open-label, 
randomised, crossover study involving 151 outpatients who had received insulin 
therapy for at least 2 months prior to entering die study. Mix25 w as administered 
immediately before the morning and evening meals; 30/70 was administered before 
the same meals using the patients' usual pre-study injection-to-meal interval Each 
treatment period had a duration of 14 days. Blood glucose was self-monitored before 
and 2 hours after the morning and evening meals on 3 days within the last 5 days of 
each treatment period. 

Results: The 2-hour PPG excursion following the main evening final meal after 
sunset was significantly lower (p=0.002) with Mix25 (3.4 ±2.9 mmol/1) compared 
with 30/70 (4.0 ± 3.2 mmol/1). The evening pre-meal fasting blood glucose values 
were also significantly lower (p=0.042) with Mix25 (7.1 ±2.2 mmol/1) compared with 
30/70 (7.5 ± 2.6 mmol/1). 

Conclusions: During Ramadan, treatment with Mix25 resulted in better glycemic 
control before and after the evening meal compared with treatment with 30/70. 
Therefore, patients with type 2 diabetes who fast during Ramadan, may be better 
managed with Mix25. 
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COMPLEXITY OF INFECTIONS IN PATIENTS WITH DIABETES 
MELLITUS TYPE 2 NOT REFLECTED BY PATTERNS OF ANTIBIOTIC 
DRUG USE 

J.A. Erkens 11 ,0.H. Klungel 1 , R.P. Stolk 2 , S.V. Belitser’, J.A. Spoelsfra'- 2 , D.E. 
Grabber 1 and H.G.M. Leufkens 1 . 1 Department of Pharmacoepidemiology and 
Pharmacotherapy, Utrecht University, Utrecht, the Netherlands. 2 Julius Center for 
General Practice and Patient Oriented Research, University Medical Center Utrecht, 
Utrecht, the Netherlands. 

Background and Aims: It's general belief that diabetes mellitus patients are more 
susceptible to more severe and complex infections, although this is not supported by 
strong evidence. The aim of the study was to analyse and compare patterns of 
antibiotic drug use in diabetes mellitus type 2 patients in order to identify possible 
patterns of antibiotic drug use reflecting complexity of infections. Materials and 
Methods: In this cohort study, 2,771 incident diabetes mellitus type 2 patients and 
2,771 age, sex, index date and pharmacy matched nondiabetic subjects were identified 
in the PHARMO Record Linkage System, comprising pharmacy records and 
hospitalizations for all 320,000 residents of six Dutch cities. Patterns of antibiotic drug 
use were evaluated with a first-order Markov model. Results: From this cohort, 1,765 
(63.7%) diabetes mellitus type 2 patients and 1,660 (59.9%) nondiabetic subjects 
received at least one antibiotic drug between 1991-1999. Initiation of antibiotic drug 
use was slightly lower in diabetes mellitus type 2 patients (63.1%) compared to 
nondiabetic subjects (67.1%). Switching of antibiotic drugs was significantly lower in 
diabetes mellitus type 2 patients (45.1%) compared to nondiabetic subjects (49.0%). 
More repeats of antibiotic drug prescriptions were observed in diabetes mellitus type 2 
patients (55.0%) compared to nondiabetic subjects (51.0%). Conclusions: Although 
we applied various in depth methods to identify possible differences, the results of this 
Study did not show any important differences in antibiotic drug use between diabetes 
mellitus type 2 patients and nondiabetic subjects. The small differences we found were 
probably not clinically relevant and therefore do not confirm earlier findings of 
occurrence of more serious infections and more episodes of infections among diabetes 
mellitus type 2 patients. 
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ULTRASONOGRAPHIC ASSESSEMENT OF SUBCUTANEOUS 
LIPOHYPERTROPHY AT INSULIN INJECTION SITES. 

P.Stefansld, M.Elwertowski, T. Kasperska-Czyzyk, Central Clinical 
Hospital MSWA, Warsaw, POLAND 

Background and Aims: The objective of the study was to evaluate the 
usefulness of the ultrasonographic (USG) examination for the diagnosis and 
description of morphological picture of subcutaneous lipohypertrophy resulting 
from insulin injections. Materials and Methods: The study group included 30 
patients (16 men and 14 women) with diabetes (10 patients with type 1 diabetes, 
18 with type 2 diabetes and 2 with secondary diabetes), aged mean 60±2 (SEM) 
)ts, with BMI mean 27±0,8kg/m J . All the patients received insulin (10: highly 
purified porcine insulin, 20: biosynthetic human insulin) for the period mean 
9,8±1,7 yrs. Most often they injected insulin mice daily (21) at sites easily 
accessible to injection but did not follow the recommended rotation system. In 
all the patients lipohypertrophy was initially defined as visible and palpable 
increase in subcutaneous fat. All the lipohypertrophied sites were assessed using 
the ultrasonograph of the Power Vision Toshiba with high frequency linear 
transducer (7,5 MHz). Results: The USG examination visualed lesions at 34 
sites, and were qualified as hypertrophy of the adipose tissue, vascular 
proliferation, and fibrosis: out of those 7 sites showed only lipohypertrophy, 5 
sites disclosed lipohypertrophy and angiogenesis, 5 sites presented 
lipohypertrophy and fibrosis, at 11 sites all the three processes were noted, at 3 
sites only fibrosis was present and 3 sites showed vascular proliferation and 
fibrosis. In summary, the USG examination showed that the most frequent sites 
of the above mentioned lesions were the abdominal wall (n=21), followed by the 
tighs (n=7) and the upper arms (n=6). 

Conclusions: The USG examination of the subcutaneous tissue is an objective 
nontraumatic assessement of the presence and type of morphological lesions 
occurring at sites of insulin-induced lipohypertrophy, suitable for the follow-up 
its progress. 
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INCIDENCE OF COLON CANCER AMONG PATIENTS 
WITH TYPE II DIABETES MELLITUS 

C. Pata, A. Yazar, K. Konca and A. Hafta. Department of Internal 
Medicine, University of Mersin, Icel, Turkey 

Background and Aims: The pathophysiology and etiology of 
colorectal cancers are not well-established but it is thought that 
hjpertriglieeridemia, long colonic transit time, presence of excess bile 
acids in the intestine, obesity and hyperinsulism, which may accompany 
diabetes mellitus, may be involved in development of colorectal cancer. 
The aim of this study was to determine whether incidence of colorecral 
cancer was high among patients with type II diabetes mellitus. Materials 
and Methods: Threethousandsixtcen patients with type II diabetes 
mellitus and randomly selected 300 controls were included in the study. 
Tests for carcino-embryonic antigen and carbohydrate antigen 19-9 were 
carried out and fecal occult blood determinations performed once daily for 
three consecutively days . When the results were not in normal ranges, 
patients underwent colonoscopy and biopsies were obtained when 
necessary. Results: Carbohydrate antigen levels were abnormal in four 
diabetics and three controls. Levels of carcino-embryonic antigen were 
found to be abnormal in eight diabetics but it was so in only two controls 
(p<0.05). Similarly, fecal occult blood test was positive in 43 diabetics but 
it was so in 19 controls (p<0.05).Fourtyfour diabetics and 20 controls 
underwent colonoscopy. Eight diabetics had colorectal cancer but only one 
control patient had colorectal cancer. After adjustment for age, body mass 
index and smoking habit, relative risk was estimated to be 6.98 (95% CI^ 
0.928-56.284, p<0.05). Conclusions: Diabetics were found to have a 
high incidence of colorectal cancer. Therefore, they should be screened 
with tests for fecal occult blood test and carcino-embryonic antigen on a 
regular basis. 
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Clinical Variability of Familial Partial Lipodystrophy (Kobberiing-Dunnigan 
Syndrome) in 3 Families from the Ribeirao Freto Region, Sao Paulo, Brazil 
M.C. Foss, R.M. Montenegro Jr., G.M.F.G. Paccola, L.M.F.B. Gouveia, AX. Acosta. 
Division of Endocrinology and Metabolism; Department of Clinical Medicine; 
Faculty of Medicine of Ribeirao Preto - University of S5o Paulo; Ribeirlo Preto, SP, 
Brazil 

Background and Aims: Familial partial lipodystrophy, first described by Dunnigan 
(1974) and Kobberling (1975), is a rare syndrome with only a few families reported 
since then. 

Materials and Methods: Description and clinical characterization of 14 patients that 
belong to 3 generations of 3 different families with FPL from the Ribeirao Preto 
region, S3o Paulo, Brazil. 

Results: All patients were females (8 adult/6 children) ranging in age from 3 to 59 
years. Two families appear to be of the type 2 variant. The other family most closely 
resembles the type 1 variant. Besides lipodystrophy, all adult patients present an 
androgenic phenotype, phlebomegaly, muscular hypertrophy, waist-hip ratio > 0.85, 
breast hypotrophy, and hyperinsulinemia. None of the patients is obese. Broad and 
round faces, excessive fat on the face, neck and supraclavicular fossae, acanthosis 
nigricans, menstrual irregularity, diabetes mellitus, hyperlipidemia, altered liver 
function, and hyperandrogenism occur to varying extents among families. Alopecia 
was observed in all of the adult members of one family (type 1 variant). In children, 
the more evident clinical findings were hyperinsulinemia and acanthosis nigricans. 
The latter manifestation was detected in all children of one type 2 FPL family. 
Conclusions: These observations suggest that FPL has an extremely variable clinical 
spectrum. Alopecia found in one of the families represents a new finding of this 
syndrome, since it has never been described before in FPL patients. Considering that 
the clinical expression of this syndrome usually starts after puberty, and before this 
period clinical signs of the disease are less evident, the measurement of insulin levels 
in children of familial partial lipodystrophy families seems to be useful for the early 
identification of affected individuals. 
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EFFECT OF REPEATED ADMINISTRATION OF RWJ241947/MCC-555, A NOVEL 
INSULIN SENSITIZER, ON SERUM LIPOPROTEIN LEVELS IN db/db MICE 
M. Shiraishi, S. Ishii and H. Tanaka, Mitsubishi-Tokyo Pharmaceuticals, Inc. 
Background and Aims: Patients with type 2 diabetes commonly have abnormal 
lipoprotein metabolism characterized by elevated triglycerides (TG) resulting from 
increased very low-density lipoproteins (VLDL). RWJ241947/MCC-555, a novel insulin 
sensitizer with modulatory activity at PPARa and PPARy, is under investigation as an 
oral hypoglycemic agent that improves insulin resistance. The effect of repeated oral 
administration of this new agent on serum TG, VLDL and VLDL-TG was assessed in 
db/db mice. Materials and Methods: Test drug was given for 2 weeks at daily doses of 
1,3,10 and 30 mg/kg. Control groups included both db/db and db/+ mice (n-8 in each 
treatment group). Results: Serum TG and lipoprotein levels were significantly higher in 
db/db than in db/+ mice. Serum TG, VLDL and VLDL-TG levels were consistently and 
significantly (p<0.01) lower in the db/db 30 mg/kg/d group than in the db/db control 
group. Scrum VLDL and VLDL-TG levels were also significantly (p<0.05) lower in the 
10 mg/kg/d group than in the db/db control group. At 30 mg/kg/d, RWJ241947 reduced 
VLDL-TG to levels similar to those observed in the db/+ control group. Total food 
consumption throughout the treatment period was greater in the db/db control group than 
in the db/+ control group, however, no significant difference was found between the 
db/db control group and the RWJ241947 treated groups. 


Controls 
(mg/dL) db/± 

TG 49.9 

VLDL 1350.4 

VLDL-TG 30.4 


RWJ241947 (mg/kg/day) 

db/db 1 3 10 30 

239.4* 255.8 215.9 153.1 75.3* 

7152.1* 6747.9 4712.7 4110.6* 1943.9* 

142.0* 119.2 88.2 59.7* 19.6* 


*p<0.01 vs db/+ control; *p<0.05 vs db/db control; *p<0.01 vs db/db control 
Conclusion: RWJ241947, a novel insulin sensitizer with modulatory activity at PPARa 
and PPARy improved mean serum TG,VLDL and VLDL-TG in a dose-dependent manner 
in db/db mice, suggesting that this agent may be useful in improvement of abnormal 
VLDL lipoprotein metabolism. 


HYPOGLYCEMIC, HYPERINSULINEMIA-IMPROVING AND HYPOLIPIDEMIC 
EFFECTS OF A NOVEL INSULIN SENSITIZER IN KK-A y MICE 
H. Tanaka, S. Ishii and M. Shiraishi, Mitsubishi-Tokyo Pharmaceuticals, Inc. 
Background and Aims: Insulin resistance is a fundamental pathophysiological factor 
in the development of type 2 diabetes. RJW241947/MCC-555, a novel insulin 
sensitizer that modulates both PPARa and PPARy, is undergoing investigation as an 
oral hypoglycemic agent. This study compares the metabolic effects of this agent with 
those of glibenclamide (GLIB), an oral sulfonylurea, and control in KK-A y mice, an 
animal model that exhibits hyperglycemia, hyperinsulinemia, hyperlipidemia and 
insulin resistance. Materials and Methods: Male KK-A y mice (n=5 in each treatment 
group) were give an oral daily dose of test drug (1,3, 10 or 30 mg/kg) or GLIB 1 
mg/kg for 4 days. Blood was taken on the day after last administration and tested for 
glucose, insulin, triglyceride (TG), total cholesterol (TC) and free fatty acid (ETA) 
levels. Results: RWJ24I947/MCC-555 lowered plasma glucose, insulin, TG and FFA 
levels in a dose-dependent manner. Significant differences in these variables were 
consistently observed between the 30 mg/kg/day and control groups. No changes in 
plasma TC level w ere observed between the 30 mg/kg/day group and the control 
group. No significant differences were observed between the GLIB and control 
groups for any study variables. 

Plasma Variable Test drug (mg/kg/day) 



Control 

1 

3 

1 ft 

30 

GLIB 

Glucose (mg/dL) 

605 

500 

425* 

400** 

290** 

570 

Insulin (mU/mL) 

345 

290 

250 

180 

140* 

320 

TG (mg/dL) 

720 

620 

600 

480 

320* 

635 

FFA (mEq/L) 

3150 

3050 

2900 

2050** 

1450* 

3200 

TC (mg/dL) 

185 

195 

200 

190 

160 

220 


*p<0.05 vs control; **p<0.01 vs control 

Conclusion: RWJ241947/MCC-555, a novel oral insulin sensitizer which modulates 
PPARa and PPARy, lowered plasma glucose, insulin, TG and FFA levels in this 
animal model, whereas GLIB did not. 
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GLUCOSE TOLERANCE IN ANIMAL MODELS OF TYPE 2 DIABETES 
MELL1TUS GIVEN TOP1RAMATE 

K. Demarest, B. Conway, M. Osborne and X. Chen. Robert Wood Johnson 
Pharmaceutical Research Institute, Raritan, New Jersey, United States. 

Background: Preclinical data indicate that the favorable effects of the novel 
neurotherapeutic agent topiramate (TPM; synthesized from fructose) on biological 
markers of type 2 diabetes mellitus may occur independently of beneficial effects 
resulting from a loss of body weight alone. Materials and Methods: This study 
assessed the in vivo efficacy of TPM (30 or 100 mg/kg/d) on blood glucose and oral 
glucose tolerance (OGT) in female db/db mice (7-8 weeks old) treated with TPM 
orally for 11 days, and on OGT in female Zucker diabetic fatty (ZDF) rats (11 
weeks of age) treated with TPM orally for 16 days. Results: A significant reduction 
in fasting plasma glucose (FPG) levels and suppressed elevated blood glucose levels 
induced by oral glucose challenge was seen with TPM. In db/db mice, FPG 
(mg/dL±SEM) was 261±24, I88±I7,and 160±13 (P<0.01 vs. control) for vehicle 
control and TPM 30 and 100 mg/kg treated groups, respectively (n=7 for each 
group). Blood glucose levels (mg/dL±SEM) at 60 min after oral glucose challenge 
(2 g/kg) were 448±27,295±32 (P<0.05 vs. control), and 271±53 (P<0.05) for 
vehicle control and TPM 30 and 100 mg/kg treated groups, respectively; whereas at 
120 min after challenge, the values were 270±24,124±20 (P<0.01), and I84i32, 
respectively. In ZDF rats, blood glucose levels (mg/dL±SEM) at 60 min after the 
oral glucose challenge were 474±25,342±32 (P<0.05 vs. control) and 333±32 
(P<0.01) for vehicle control, and TPM 30 and 100 mg/kg treated groups, 
respectively (n=8 for each group). At 90 min after oral glucose challenge in ZDF 
rats, the values were 434±25,269±32 (P<0.01 vs. control), and 242±28 (P<0.01), 
respectively; whereas at 120 min, they were 357±30,206±26 (P<0.01), and 1734=23 
(P<0.01), respectively. Conclusions: Oral TPM may improve glucose tolerance 
and/or insulin sensitivity in these animal models. Further studies will determine the 
potential efficacy of TPM as an antidiabetic agent in humans. 
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NOVEL ANTIOXIDANT L-2264 PREVENTS INSULIN RESISTANCE 
DEVELOPMENT LN DEXAMETIIASONE-TREATED RATS 
O. Ivanova, V. Poltorak, N. Gorbenko, V. Lipson and Z. Leshchenko. Insti¬ 
tute of Endocrine Pathology Problems, Kharkiv, Ukraine. 

Background and Aims: Accumulating evidence suggests a link between 
increased oxidative stress in diabetes and insulin resistance. The aim of the 
study was to explore the effect of the new antioxidant L-2264 (heterocyclic 
amide of phenyl prop ionic acid) on the insulin resistance development in 
dexamethasone-treated rats. Materials and Methods: Male Wistar rats (3- 
mo-old) were injected dexamethasone (D) (0.125 mg/kg s.c. 13 days). Con¬ 
trol rats (C) were given vehicle alone. One group of D-treated animals re¬ 
ceived L-2264 (200 mg/kg) starting 4 days after the first D-injection and an¬ 
other group was given placebo (CD). At the end of the study fasted rats were 
subjected to the GTT (3 g/kg i.p.). HOMA algorithm was used to estimate 
insulin resistance (IR). Oxidative status of experimental animals was assessed 
by determination of malonic dialdehide (MDA) contents in liver homogenate. 
Results: At day 14 after the first D-injection there were no differences in ba¬ 
sal blood glucose levels between all experimental groups. However, basal 
hyperinsulinemia was observed in CD rats (211.5±9.2 pmol/1 vs C: 67.2±6.2 
pmol/1, p<0.05). GTT revealed impairment of glucose tolerance in rats after 
D-administration (AUC/2h over GTT was 1245±52 vs C: 960±48 mmol l' 1 , 
p<0.01). L-2264-treatment prevented D-induced glucose intolerance deve¬ 
lopment reducing AUC over GTT by 40 % (p<0.05) in comparison with CD 
rats. After L-2264 administration basal hyperinsulinemia and IR were signifi¬ 
cantly decreased (all p<0.05) in comparison with CD. In addition, L-2264- 
supplementation reduced NEFA levels in plasma 2.5-fold (p<0.05) and sup¬ 
pressed oxidative stress in diabetic animals reducing MDA contents in liver 
homogenate 2-fold (p<0.05) compared to CD rats. Conclusions: This data 
indicate that L-2264 prevents development of dexamethasone-induced insulin 
resistance decreasing hyperinsulinemia, NEFA levels and attenuating lipid 
peroxidation in rats. 
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GLVCEMIC CONTROL AND TRIGLYCERIDES IMPROVE WITH 
TOPIRAMATE IN ANIMAL MODELS OF TYPE 2 DIABETES 
M.C. Osborne, X. Chen, B. Conway and K. Demarest. Robert Wood Johnson 
Pharmaceutical Research Institute, Raritan, New Jersey, United States. 

Background and Aims: Topiramate (TPM) is a novel neurotherapeutic agent 
synthesized from fructose. Reports with Wistar and obese Osbomc-Mendel and 
obese Zucker rats have shown that, in addition to decreasing body weight gain, 

TPM has a tendency to normalize elevated blood glucose levels, insulin and/or 
triglycerides- Materials and Methods: This study evaluated the in vivo efficacy of 
TPM on blood glucose and triglycerides in nonfasted, diabetic, homozygous female 
db/db mice (48 days old) treated with either TPM (10, 30, 100, or 300 mg/kg/d; n=7 
or n=8 per group) or rosiglitazone (RSG) (10 mg/kg/d; n=7) orally for 11 days 
(Study 1), and in Zucker diabetic fatty (ZDF) rats treated with TPM (30,100, and 
300 mg/kg'd; n=7 or n=8 per group) or RSG (3 mgkg'd; n=8) orally for 14 days 
(Study 2). Results: A significant dose-dependent decrease in blood glucose was 
seen with TPM in Study 1:27% (P<0.05 vs. vehicle control), 35% (P<0.01), 37% 
(P<0.01), and 61% (P<0.01) for 10, 30, 100, and 300 mg/kg/d TPM, respectively, 
vs. 66% (P<0.01) in the RSG-treated group. TPM also significantly (P<0.0l) 
decreased plasma triglyceride levels by up to 42% versus diabetic controls at 100 
and 300 mg/kg. In addition, the effect of TPM in db/db mice w as not associated 
with significant body w eight changes. In Study 2, TPM significantly decreased 
blood glucose levels by 25%-50% (P<0.01); moreover, the reduction at 30 mg/kg/d 
occuncd without a significant change in body weight. At doses of 30 and 300 
mg/kg/d, TPM also decreased plasma triglycerides (20% and 30%; P<0.05 and 
P<0.01, respectively). Conclusions: These findings in db/db mice and ZDF rats 
indicate that TPM may be an effective treatment for pathological hyperglycemia, 
with favorable effects on triglycerides. Further studies will elucidate its potential 
efficacy in treating type 2 diabetes mellitus in humans. 
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A novel insulin-sensitizing agent, J IT-501, inhibits expression of the 
phosphoenolpyruvate carboxykinase gene via Akt pathway. 

E. Nakashima, J. Nakamura, R. MIzubayashi, Y. Yasuda, Y. Hamada, K. Kato, K. Miwa, 
H. Kamiya and N. Hotta The 3rd Department of Internal Medicine, Nagoya University 
School of Medicine, Nagoya, Japan. 

Background and Aims: The expression of the gluconeogenic enzyme 
phosphoenolpyruvate carboxykinase (PEPCK) is inhibited by insulin and is regulated at 
the level of gene transcriptioa In diabetes patients, enhanced hepatic PEPCK expression 
contribute to an increase in the hepatic glucose output resulting in fasting hyperglycaemia. 
Previous reports showed that some thiazolidinediones inhibit the gene expression of 
PEPCK by insulin-dependent or -independent mechanism. It has been reported that an 
isoxazolidinedione J11-501 (JTT), a novel insulin-sensitizing agent, accelerates insulin 
signalling cascade from insulin receptor to phosphatidylinos itol 3-kinase (PI3-kinase) in 
adipocytes and skeletal muscle. However, the effect of JTT on the cascade beyond PI3- 
kinase in the liver has not been investigated. In this study, the effect of JTT on the hepatic 
PEPCK gene expression and phosphorylation of Akt were examined to evaluate the 
molecular mechanism of the insulin-sensitizing action of JTT using primarily cultured rat 
hepatocytes and streptozotocin (STZ)-diabetic rats livers. 

Materials and Methods: 1) in vivo study; After treatment of STZ-diabetic rats with JTT 
(100 mg/kg/day) for 7 days, liver samples were dissected. Total RNA and protein were 
extracted from liver samples. Northern blot analyses of PEPCK and an assay of PEPCK 
activity were performed. 2) in vitro study; Hepatocytes from Wistar rats were isolated by 
collagenase. Primarily cultured hepatocytes were treated for 8 hr with either 500 microM 
dibutyryl cyclic-AMP (cAMP), 10 nM insulin, 100 microM JTT, 1 microM wortmannin 
(WRT), or various combinations thereof Cells were harv ested and total RNA and protein 
were isolated Northern analyses of PEPCK and western blot analyses of phosphorylated 
Akt w-ere performed 

Results: Treatment of diabetic rats with JTT decreased mRNA expression and activities of 
hepatic PEPCK by 60% of those in untreated diabetic rats. JTT decreased the PEPCK 
mRNA expression in cultured hepatocytes as insulin did cAMP-induced increase in 
PEPCK mRNA expression of hepatocytes was also decreased by either JTT or insulin. 
These effects of JTT on PEPCK mRNA expression were prevented by WRT. The 
expression of phosphorylated Akt was increased by treatment with JTT, which was also 
prevented by WRT. 

Conclusions: These observations suggest that JTT may exert its anti-diabetic action by 
decreasing PEPCK gene expression through the PI3-kinase-Akt cascade, which is similar 
to that by insulin. 
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HYPOGLYCEMIC EFFECT OF Bridelia ndelensis BARK EXTRACT IS 
TYPE 2 MODEL DIABETIC RAT 

S.D. Sokengl, B. Rokeya2, P. Kamtchouingl, L. Ali, N. Nahar3 and M. 
Musihuzzaman3. 1 Department of Biological Sciences, University of Ngaoundere, 
Cameroon, 2Research Division, BIRDEM and 3 Dcpanment of Chemistry, Dhaka 
University, Dhaka, Bangladesh 

Background and Aims: Bridelia ndelensis is a medicinal plant traditionally used in 
Cameroon for the treatment of diabetes. To the best of our knowledge there is no 
published report on the antidiabetic properties of this plant. In this work the 
hypoglycemic/antihyperglycemic effects of the ethanol extract of Bridelia ndelensis 
bark was explored along with its possible effects on glucose absorption in the gut. 
Materials and Methods: Type 2 diabetes was induced by a single intraperitoneal 
injection of streptozotocin (90 mg/kg body weight) to 48 hour pups of Long-Evans 
rats. Three groups of rats (n=8 in each group) were used. Extraction was done with 
80% ethanol and freeze-dried extract was administered to diabetic rats at a dose of 
1.25 g/kg body weight in two prandial states (fasting and simultaneously with glucose 
at 2.5g/kg). A control group (only water as vehicle) and glibenclamide (5mg/kg ) 
group were included. Blood collected at 0, 60 and 120 min (for fasting) and 0, 30 and 
75 min (for postprandial) were analyzed for serum glucose (glucose oxidase method). 
Inhibition of intestinal glucose absorption was investigated by a timed analysis of the 
concentration of the sugar after oral load in nondiabetic rats. 

Results: The extract had no effect on blood glucose when fed in fasting state (Glucose 
at 60 min; M ± SEM, mmol/1, Control; 8.90*0.36, Extract: 9.13*0.35 and 
Glibenclamide: 6.02*0.43; p<0.001 for Control vs Glibenclamide). However, a 
significant effect was obtained in the glucose fed state at 30 min (Control vs Extract 
and Glibenclamide: 26.52*1.35 vs 18 03*1.17, and 20.95*1, p<0.05 in both 
cases). The amount of glucose remaining in the intestine was significantly lower in 
the extract group compared to Control (M±SEM, mg, 9.82*0.47 vs 1.48*0.48, 
p<0.001). But, it was not paralleled by an increase in blood glucose level. 
Conclusions: The ethanol extract of Bridelia ndelensis contain antihyperglycemic 
principle^) which does not work through inhibition of glucose absorption from the 
gut. 
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MECHANISM OF HYPOGLYCAEMIC ACTION OF AVERRHOA 
BILIMBI IN STREPTOZOTOCIN-DIABETIC RATS 

P. Pushparaj, C.II. Tan and B.K.H. Tan* Department of Biochemistry, 
Faculty of Medicine, National University of Singapore, Singapore-119260 
♦Department of Pharmacology’, Faculty of Medicine, National University of 
Singapore, Singapore-119260. 

Aim: In the present study, we hat e examined the possible mechanism of the 
hypoglycaemic action of scmi-purificd fractions of an ethanolic extract of 
Averrhoa bilimbi Linn (Oxalidaceae) leaves (ABe) in streptozotocin-diabetic 
male Sprague-Dawley (SD) rats. Materials and Methods: Male SD rats aged 10 
weeks (200-250g) were made diabetic by injecting a single dose of 60mg of 
STZ/kg i.p after a 24-h fast. The leaves of A.bilimbi were exhaustively extracted 
with 80% ethanol, concentrated at 40°C using a rotavapor and partitioned 
successively with butanol, ethylacetate and hexane to get aqueous (AF), butanol 
(BuF), ethy l acetate (EF), and hexane fractions (HF). The fractions were frcczc- 
dried to obtain powders of each. The hypoglycaemic property’ of each fraction 
(I25mg/kg p.o.) was determined by performing OGTT in diabetic rats. To 
investigate the effect of long term administration of lire hypoglycemic fractions, 
diabetic animals (n=5-6) were treated with vehicle (distilled water), AF 
(125mg/kg BW) or BuF (125 mg/kg BW), twice a day for 14 days. Results: In 
OGTT, AF and BuF showed marked hypogly caemic property. The long-term 
administration of AF and BuF low ered the blood glucose concentration by 38 % 
(p< 0.05) and 24 % (p<0.05) respectively when compared with vehicle. The 
serum insulin level was significantly increased in the AF-trcatcd diabetic rats on 
day 14 when compared to the vehicle-treated diabetic rats (P< 0.05). The hepatic 
glucose-6-phosphatase activity was significantly lower (P<0.05) in AF-and 
metformin-treated groups, but not in BuF-treated groups, compared to the 
vehicle-treated diabetic group. Moreover, there was no change in hepatic 
glycogen content in AF-, BuF- and metformin-treated groups compared to the 
vehicle-treated group. Conclusion: These results indicate that AF is more potent 
than BuF in the amelioration of diabetes mellitus in STZ-diabetic rats and 
therefore a potential source for the isolation of new’ orally active agent(s) for 
anti-diabetic therapy. 
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Long-term effects of stevioside on the type 2 diabetic Goto- 
Kakizaki (GK) rats: Potential as a new antidiabetic drug. 

Jeppesen P. B., Gregcrsen S., Hermansen K. Dept, of Endocrinology and 
Metabolism C, Aarhus Amtssygehus, Aarhus University Hospital, Aarhus, 
Denmark. 

Extracts from leaves of Stevia rebaudiana Bertoni (SrB) have been used in 
traditional medicine in Paraguay and Brazil in the treatment of diabetes. Recently, 
we demonstrated that one of the constituent, the glycoside stevioside exerts a direct 
insulinotropic effect in isolated mouse islets and in vivo in diabetic rats. Aims: To 
explore if long-term intake of stevioside exerts anti-hypcrglycaemic, glucagonostalic 
or anti-hypertensive effects in diabetic rats. Methods: In a controlled, 6 weeks 
investigation Goto-Kakizaki (GK) rats received 0.025 g/kg BW /day of the 
glycoside stevioside (purity>99 %) in the drinking water. The tail blood pressure 
was measured every week. At week 5 an intraarterial catheter was inserted in the 
rats. After 6 days recovery animals were exposed to an i.v glucose tolerance test (2.0 
g/kg BW) and blood samples were drawn during a 180 min period. Results: 
Stevioside caused a suppression of plasma glucose (incremental area under the 
curv e (IAUC)): 985±20 (stevioside) vs 1575±21 (control) mM x 180 min, p<0.05). 
Corresponding to this stevioside fed animals had enhanced first phase insulin 
responses compared to controls (IAUC: 343±33 (stevioside) vs 136±24 (control) pU 
insulin X 30 min, p<0.05). In both groups second phase insulin responses occurred 
to be steadily increasing during the entire observation period. Interestingly, 
stevioside caused a suppression of the glucagon level corresponding to the first 
phase of the insulin response (IAUC: 20261234 (stevioside) vs 35351282 (control) 
pg/ml x 180 min, p<0.05). From week one and onwards a 7 to 9 % decrease in both 
the systolic (p<0.01) and diastolic (p<0.05) blood pressure appeared in response to 
stevioside. Conclusions: Stevioside normalizes first phase insulin responses and 
possesses anti-hypcrglycaemic, insulinotropic and glucagonostatic effects in the 
diabetic GK rats. In addition, stevioside caused a pronounced blood pressure 
suppression. Consequently, stevioside may act as a useful drug in the treatment of 
type 2 diabetes and the metabolic syndrome. 
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INSULIN RELEASING EFFECTS OF SOME PURE COMPOUNDS FROM 
PTEROSPERMUM SEMISAGITTATUM LEAVES ON ISOLATED RAT 
ISLETS 

B. Rokeya, S.H. Khanl, N.S. Chowdhuryl, L. Alii, N. Nahaf2, A.K. Azad Khanl, 
and M Mosihuzzaman2. 1 Research Division, BIRDEM, Dhaka-1000; 2Dept of 
Chemistry, University of Dhaka, Dhaka-1000, Bangladesh 

Background and Aims: Methanol extract of Pterospermum semisagittatum leaves (a 
plant material used by traditional practitioners for the treatment of diabetes) have 
earlier been shown to have antihyperglycemic properties both in nondiabetic and 
diabetic (type 1 and type 2) model rats. Three compounds from the leaves (PS01 & 
PS02 from methanol extract and PS03 from chloroform extract) have now’ been 
explored for their possible effect on insulin secretion in vitro from isolated rat islets. 

Materials and Methods:The compounds were isolated from P semisagittatum leaves 
by water-acetate or water-butanol partition followed by repeated column 
chromatography, and those were identified and characterized by spectroscopy. 
Batches of 8-10 islets (isolated by collagenases digestion from Long-Evans rats) were 
studied under static incubation at 370C for 60 min in 400ml HEPES buffered 
medium (pH 7.4) supplemented with 1 mg/ml bovine serum albumin The compounds, 
all of w hich were water soluble, were used at a final concentration of ImM with 3 or 
llmM glucose. Insulin concentration in the medium was measured by an ELISA 
technique with a rat insulin assay kit 

Results: In response to an increase in glucose cone from 3 mM to 1 ImM, there was a 
3 fold increase in insulin (ng/islet, M±SD; 0.16*0.06 vs 0.45*0.17). The compounds 
PS01 &. PS02 resulted in significant rise in insulin concentration at 3mM glucose 
(ngislct, M±SD; control vs PS01; 0.16*0.06 vs 0.36*0.17; p<0.001 and vs PS02; 
0.32*0.18, p<0.05). However, at llmM glucose none of the compounds had any 
significant effect on insulin release. 

Conclusions: The results show that the antihyperglycemic properties of P 
semisagittatum may be, at least, partly due to the insulin releasing properties of the 
compounds PS01 and PS02. 
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EFFECT OF HEMIDESMUS INDICUS ROOT ON PLASMA LrPID AND 
FREE FATTY ACIDS IN TYPE 2 DIABETIC MODEL RATS 
S. Murshed, B. Rokeyal, L. Alii, N. Nahar2, A.K. Azad Khanl and M. 
Mosihuzzaman2 1 Department of Biochemistry &. Metabolism, BIRDEM, Dhaka; 
2Dept of Chemistry, University of Dhaka, Bangladesh 

Background and Aims: Hemidesmus indicus is used in Indian traditional medicine. 
Recently its hypoglycemic activity was reported, but their effects on plasma lipid in 
diabetic model rats has not yet been studied. In the present work we have investigated 
the effect of methanol extract of Hemidesmus indicus (HI) root on plasma glucose, 
lipid and free fatty acid levels in rats of type 2 diabetic model. 

Materials and Methods: Type 2 diabetes was induced by single intraperitoneal 
injection of streptozotocin (90 mg/kg bw) to 48 hours old pups. The rats (n=9) were 
fed with freeze-dried methanol extract of HI root (1.25 g/kg bw/10 ml water) once a 
day for 28 days with consecutive feeding. The Control rats (n=10) were fed only with 
deionized water. Blood w'as collected at the beginning of the study period from tail 
tips and at the end by decapitation of the rats. Plasma glucose, lipid and free fatty acid 
compositions were measured by enzymatic and gas chromatographic methods 
respectively. 

Results: HI significantly lowered fasting (p<0.001) and postprandial plasma glucose 
(p<0.001). It also lowered TG (l.07±0.04 vs 0.73±0.04; p<0.001), total cholesterol 
(2.27±0.08 vs 1.82±0.10; p<0.003), and LDL-C (l.88±0.17 vs 1.49±0.105; p<0.01) 
concentrations (mmol/1 M±SD,) respectively when compared to Control. However 
there was no change in HDL-C concentration. The antiatherogenic ratios (HDL- 
C:LDL-C, HDL-C:Chol, HDL-C:TG) were increased significantly (p<0.001). HI also 
increased the essential fatty acids (linoleic, acid, linolenic acid, arachidonic acid and 
docosahexaenoic acid) and decreased the saturated fatty acids (palmitic acid and 
stearic acid) significantly as compared to the Control. 

Condusious:The results suggest that the methanol extract of HI root affects the lipid 
and fatty acid level of type 2 diabetic model rats in a manner which counteract 
atherogenesis. 
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SUB-OPTIMAL GLUCOSE CONTROL IN HOSPITALIZED PATIENTS. USE 
OF A SIMPLE ALGORITHM TO BETTER CONTROL 
I.F. Liberty, A. Tirosh and I. Harman-Boehm. Department of Internal Medicine and 
Diabetes Unit, Soroka University Medical Center, Beer-Sheva, Israel 

Background and Aims: Hyperglycemia in hospitalized patients significantly effects 
the outcome of hospitalization. Even mild elevations of blood glucose have been 
shown to adversely effect the hospital course and mortality of patients following 
myocardial infarction, CVA, and cardiac surgery. Data exist which strongly suggest 
that optimization of glucose control may reduce morbidity and mortality in 
hospitalized patients. To date few if any proven guidelines for optimization of glucose 
control on general internal medical wards have been developed. Known diabetics are 
monitored using finger-stick glucose determinations. Oral medications and insulin are 
adjusted accordingly. Lack of awareness of the importance of glucose control and fear 
of hypoglycemia have hindered glucose control during hospitalization. 

Materials and Methods: We determined the percentage of hyperglycemia (>250 
mg%) and low glucose (<80 mg%) in two general internal medicine wards over a two 
w eek period. The staff of both w ards w ere given a one-time instruction in the use of a 
simple algorithm to improve glucose control using regular insulin: 06:00 to 20:00; 
glucose of 250-350 xng%: 0.1 unit/kg, and glucose>350 mg%: 0.15 unit/kg. After 
20:00 glucose>350 mg%: 0.1 unit/kg. Glucose 250-350 mg% after 20.00, no added 
RI, NPH only. The percentage of hyperglycemia and low blood glucose before and 
after use of the algorithm was compared. 

Results: Before instruction 71 patients in ward A with 1172 glucose determinations 
and 28 patients in ward B with 342 determinations had 39% and 29% hyperglycemia 
respectively, 3% and 1.2% low glucose respectively. After instruction 60 patients in 
ward A with 576 glucose determinations and 23 patients in ward B with 470 
determinations showed a reduction of hyperglycemia to 22% and 21.7% respectively. 
Percent low glucose rose to 6% aand 2.1% respectively. 

Conclusions: Use of a simple algorithm can significantly improve hyperglycemia but 
also increases low blood sugars. Use of analogue insulins might prevent low glucose 
and further improve control. 
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Effects of MD-110, a newly synthesized thiocarbamate, on glucose transport in 
L6 myocy tes 

C.K. Moon, S.O. Jung, K.S. Lee, S.H. Chae, S.D. Jeon, H.Y. Han, D.H. Kang, J.H. 
Joo and H.K. Han* 

Department of Hygienic Pharmacy, College of Pharmacy, Seoul National University, 
Seoul, Korea 

•Life Science Division, Korea Institute of Science and Technology, Seoul, Korea 

Background and Aims: MD-110, a newly synthesized thiocarbamate, was tested for 
its glucose transport stimulating-activity using L6 myocytes. As Phosphatidyl inositol 
3-kinase (PI3K)-dependent signaling, MAP kinase-dependent signaling and calcium- 
dependent PKC activation were known as the major mediatory routes for glucose 
transport stimulated by insulin, we investigated the stimulating-mechanism of glucose 
transport induced by MD-110 using the inhibitors of key enzymes which are involved 
in the pathways of glucose transport. 

Materials and Methods: Glucose transport stimulating effect of MD-110 was 
evaluated by 2-deoxy-D-I3H]g!ucose (2-DOG) uptake assay and its cytotoxicity was 
tested by MTT assay. Its stimulating mechanism of glucose transport was investigated 
by using enzyme inhibitors and calcium modulators. 

Results: MD-110 increased the rate of glucose transport in a dose- and time- 
dependent manner with maximal stimulation at 25 pM and showed no cytotoxicity at 
the effective concentrations. The increase in glucose uptake induced by MD-110 was 
totally inhibited by 10 pM phenylarsine oxide, a disrupter of trans-Golgi network, 
indicating that MD-110 enhanced the translocation of glucose transporters from 
cytosol to plasma membrane. Blockade of protein synthesis by cycloheximide also 
inhibited glucose uptake in L6 myocytes. Phosphatidylinositol 3-kinase inhibitor and 
MAP kinase inhibitor didn't exert any significant effect on MD-110-induced glucose 
transport in L6 myocytes. MD-110-induced increase in glucose uptake into L6 cells 
was inhibited by intracellular calcium depletion, inhibition of protein kinase C (PKC). 
Statistical analysis was performed according to Student’s t-test. 

Conclusions: The above results suggest that MD-110 might enhance glucose 
transport by the stimulation of glucose tranporter synthesis and translocation induced 
by calcium-dependent PKC activation in L6 myocytes. 
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Improving The Treatment Of DKA Using Bedside Capillary Ketone 
Measurement 

Khan ASA, Tieszen K, Gibson JM, New JP. Department of Diabetes, Hope hospital, 
Salford, UK. 

Aims: To define the normalisation time of blood glucose & blood 
betahydroxybutyrate (BOIIB) levels in patients admitted with diabetic ketoacidosis 
(DKA) and compare this to normalisation of blood glucose and urinary ketones. 
Methods: Seven patients (6M and IF) mean age 36 (range 21 - 46) years admitted 
acutely with clinical & biochemical features of DKA w ere studied. All patients w ere 
treated using standard guidelines for the management of DKA. Blood BOHB & 
glucose concentrations were measured using a Precision Optium electrochemical 
sensor (MediSense/Abbott) and urine ketones with reagent strips (Bayer Pic). 

Results: The presenting biochemistry was: glucose 36.6t8.8mmol/l, (mean±SD), pH 
7.12±0.11, venous bicarbonate 9.1±4.5 mmol/1, arterial bicarbonate 6.0±4.4 mmol/1, 
and BOHB 4.2±0.9 mmol/1. The mean time to normalisation of blood glucose was 
9.7±2.1h and for BOHB 14.9.±9.4h. By comparison urinary ketones only became 
negative after 53 hours± 39, 38h.±30 after normalisation of BOHB concentrations (p 
= 0.028). Assuming patients are converted to a QDS insulin regime, the next injection 
being after normalisation of both glucose and BOHB at the next usual time (at 0800, 
1200, 1600 or 2200 hrs), then iv insulin would be required for I7.7±12 hours, 
compared to conventional treatment (49.5±10.3h), potentially saving 34 ±10.8h (p 
=0.008) of iv insulin. 

Conclusion: This study shows that in patients with DKA, bedside measurement of 
blood BOHB, instead of ketonuria, identifies normalisation of metabolism 
significantly earlier than conventional monitoring. This would allow patients to be 
safely converted to sc insulin considerably earlier. Wider application of this method 
would be expected to result in substantial economic savings and patient benefits. 
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BLOOD GLUCOSE SELF-MONITORING IN DIABETES CONTROL IN 
NON-INSULIN TREATED TYPE 2 DIABETIC PATIENTS 
U. Schwedes, M. Siebolds 2 and G. Merles 3 , Allg. Krankenhaus Barmbek, 
Hamburg, 2 Kath. Fachhochschule K6ln, 3 Bayer Vital GmbH, Leverkusen, 
Germany 

Background and Aims: To investigate the effect of blood glucose self¬ 
monitoring (BGSM) on diabetes control in non-insulin treated type 2 diabetic 
patients. Materials and Methods: A total of 250 patients (45-70 years of age, 
treated with diet or oral antidiabetics) was included in a prospective, 
multicenter, randomized group-comparison study. Patients allocated to BGSM 
were asked to measure blood glucose (device with sensor disk) six times 
(before/after main meals) on 2 days per week (1 working day/1 weekend day) 
and to record the values measured in a combined blood glucose/eating diary. 
Patient acceptance was documented over 6 months at 4-weekly visits 
according to a defined counseling algorithm (4 questions every 8 weeks) and 
the accuracy of the measurements controlled (wet chemical analysis) or 
laboratory controls performed (every 8 weeks HbA| C * body weight, lipids, 
microalbumin). General well-being (WBQ) and treatment satisfaction (DTSQ) 
were determined before the start and after completion of the study. The 
intention-to-treat (ITT) analysis comprised 239 patients (122 BGSM) and the 
per-protocol (PP) analysis 223 patients (113 BGSM). Results: HbA Sc 
improved without and with BGSM by a mean of 0.5 ± 1.4 and 1.0 ± 1.1%- 
points respectively (p = 0.003; end values: 7.9 and 7.4; ITT = PP). The quality 
of life improved markedly with BGSM (p = 0.053) and significantly with 
respect to the sub-items depression and negative well-being (p = 0.03). 
Treatment satisfaction was equal in both groups (p — 0.9). In the BGSM 
group, HbAj c did not improve in 24%, improved continuously from 8.4 to 6.8 
in 58% and with delayed success from 8.5 to 8.0 in 18% of the patients. 
Conclusions: Meal-related BGSM within a structured counseling program 
improves diabetes control in non-insulin treated type 2 diabetic patients. 
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WITH IN-SUBJECT VARIATIONS OF PLASMA GLUCOSE AND INSULIN 
FOLLOWING A SPONTANEOUS MIXED MEAL: CONSEQUENCES FOR 
THE POSTPRANDIAL GLUCOSE TOLERANCE TEST 
DIDIER CHAPELOT, CORINNE MARMONIER AND PAUL VALENSI. 
LABORATOIRE DE NUTRITION ET MALADIES METABOLIQUES, UFR 
SMBH LEONARD DE VINCI, BOBIGNY, FRANCE 

Introduction - It has been suggested that a test meal would be more appropriate than 
an oral glucose test (OGT) for the diagnosis of diabetes. However, the pattern and the 
reproducibility of the glucose response to a spontaneous meal has not been established 
even in non diabetics. In this study, we assessed the relevance of different time points 
to accurately predict the postprandial glucose and insulin concentrations. 

Methods - Subjects were eleven healthy male subjects (mean age 22 ± 1 yrs and BMI 
21.7 ± 1.8 kg/m 2 ). On two test days (DIJ32) separated by a week interval, plasma 
glucose, insulin and free fatty acids (FFA) were measured from lunch up to the 
following 240 min. Lunch consisted of a pasta dish and a dessert. II was consumed ad 
libitum on D1 and served in the same amount on D2. Using a double lumen catheter, 
blood was continuously withdrawn and collected with a frequency of 1 tube every 5 
min. Tested points were the usual OGT time points (0, 60,120 mn), the glucose peak 
level (GPL) and the the lowest coefficient of variation for glucose (GLCV). 

Results - Mean energy’ intake at lunch (EIL) was 3425 ± 196 kJ. The most relevant 
time point for GPL was 45 mn (46 ± 3 mn, 6.5 ±0.2 mmol/1). The GLCV was found 
at 205 mn (5 ± 1%). The CV of GPL was negatively correlated with EIL, and more 
specifically the dessert item (r - -0.81, P < 0.005). This correlation was not found for 
the other time points. The CV of the area under the curve for glucose (G-AUC) was 8 
± 1%. The 120 mn time point showed the strongest correlation with G-AUC (r = 0.91, 
P < 10 8 ) and allowed the best predictive equation with glucose, insulin and FFA as 
factors (i 2 = 0.89, P < 10" 8 ). Using only glucose, the AUC constructed with the 0-45- 
90 and 120 mn time points provided the most accurate estimation of G-AUC (r = 0.94, 
P < 10 8 ), For insulin, the peak delay was found at 41 ± 2 mn (91.8 ± 12 pU/mL) and 
the lowest CVs at 45, 80 and 180 mn (17 ± 3%). Interestingly, insulin and FFA at 
45 mn w ere strong predictive factors of the AUC of insulin (i 2 = 0.73, P < 10' 5 ). 
Conclusion - Measuring glucose 45 min after the onset of a test meal allows to 
determine the postprandial peak level and improves the evaluation of the glucose 
response. Its reproducibility is better if the energy intake at the test meal is high. Last, 
plasma FFA seem an important factor in the glucose and insulin responses to a meal. 
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A SINGLE MEASUREMENT OF HBAlc OR FASTING BLOOD GLUCOSE 
IN THE EARLY PHASE OF TYPE 2 DIABETES PREDICT LONG TERM 
GLYCAEMIC CONTROL 

P. Thorsby, B. Kilhovd, K. I. Birkeland, Aker- UllevSI diabetes research centre. 
Hormone laboratory, Aker university hospital, Oslo, Norway 

Background and Aims: 1) To investigate whether one measurement of HbAlc or 
fasting blood glucose (FBG) could predict average HbAlc over a 10-year period in 
type 2 diabetes (T2DM). 2) To study whether HbAlc reflected primarily fasting or 
non-fasting blood glucose. It has been suggested that achieving glycaemic goals is 
easier in some patients with T2DM than others irrespective of the treatment given and 
the efforts used. A study in type 1 diabetes reported that a single measurement of 
HbAlc predicted long-term glycaemic control. Furthermore, the value of self 
monitoring of blood glucose (SMBG) in T2DM has been debated. Materials and 
Methods: In a 10-year prospective study we investigated 31 men and 24 women with 
T2DM. At start, their mean (S.D.) age was 59,3 (6,2) years, duration of diabetes 7,3 
(3,1) years, BMI 26,7 (3,7) kg/m2, baseline HbAlc 8,6 (1,5) %, and FBG 11,1 (2,6) 
mmol/1. The patients were originally randomly assigned to start insulin treatment or 
continue on oral hypoglycaemic agents, but all except two were eventually treated 
with insulin due to symptomatic hyperglycaemia or HbAlc >10%. We recorded 
HbAlc and three 4-point SMBG-profiles each six moths throughout the study period. 
Results: A single measurement of FBG and HbAlc before treatment allocation, 
correlated positively and significantly to the mean HbAlc over the 10 year period 
(r=0,43, p=0,004 and r=0,38, p=0,01 respectively). Body mass index, fasting C- 
peptide levels or insulin sensitivity and b-cell function measured with the homeostasis 
model assessment at study start, did not show significant correlations to mean HbAlc. 
Fasting values for SMBG correlated stronger to mean HbAlc over the 10 year period 
that non-fasting SMBG (r=0,51, p=0,001 versus r=0,35, p=O,02), indicating that FBG 
is a more important determinant of HbAlc than non-fasting blood glucose levels. 
Conclusions: A single measurement of HbAlc or fasting blood glucose in an early 
phase of type 2 diabetes may indicate w hich long-term glycaemic control that can be 
achieved. Levels of HbAlc reflect non-fasting blood glucose levels poorer than 
fasting levels, emphasising the importance of SMBG given the possibility that post¬ 
prandial glycaemia may be of importance in the development of diabetic late 
complications. 
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CAN GLUCAGON-STIMULATED C-PEPTIDE LEVEL BE A SUFFICIENT 
INDICATOR OF SECONDARY FAILURE TO ORAL ANTIDIABETIC AGENTS? 
S.Ucnk. B.Ozlmk . A.$cngiil, G.Tiirkc$. B.Ortncci, G.Serin and Y.AIluntas 
$i$li Elfal Education and Research Hospital. Department of Endocrinology and 
Diabetes. Islnnbul-Tnrkcy. 

Aim: The purpose of our study was to evaluate the factors affecting secondary failure 
to oral antidinbctic agents by assessing fasting and glucagon stimulated 6 ,h minute 
C-pcptidc levels. Material and methods: One hundred and thirty two type 2 diabetic 
patients were included in this study and divided into two groups. Group I consists of 
104 patients. 35 to 76 years of age. duration of diabetes ranging from 1 to 29 years with 
secondary failure to oral antidinbctic agents (HbAlc>6.5) and group 11 consists of 28 
patients. 38-7.1 years of age. duration of diabetes ranging from 1 to 25 years without 
secondary failure to OAD (HbAlc <. 6.5). Measuring C-pcptidc levels after 12 hours 
of fasting and the 6' 1 'minute of IV bolus injection of I mg glucagon assessed beta cell 
reserve. Correlations between fasting (F-C) and glucagon stimulated C-pcptidc (S-C) 
levels and age. the age at onset of diabetes, duration of diabetes, genetic density. BMI. 
HbAlc. blood pressure, scrum lipids were evaluated. Results: Increase of C-pcptidc 
levels more than 50% of basal levels after glucagon stimulation which is accepted as 
sufficient for beta cell reserves, were seen in 51% of patients in group I and 75% of 
patients in group II. When the patients who displayed more than 50% increase in C- 
peptide levels were compared, the percentage of increase in group 2 was significantly 
higher than that of in group I (%78.86±50..18 vs 56.39± 30.93 respectively, p=0.004). 
Wc found that the duration of diabetes in group I was significantly longer than in group 
II in patients who had an increase in C-pcptidc levels more than 50% of basal levels 
(9.8.1 ±6.78 vs 3.24±!.92 years. p=0.0001). BMI was positively correlated with F-C and 
S-C lcvcls(r=0.321. p=0.()0l. r=0.3.19. p=0.0001 respectively). Patients with BMI<27. 
had lower F-C and S-C levels <2.56+1.08. 4.I2±I.7ng/ml. r*0.43. p=0.00l. r=0.!I7. 
p=0.0J8. respectively). In hypertensive patients. F-C and S-C levels were found to be 
significantly higher (r=0.379 r=0.404. p=0.0001. respectively). Beta cell reserves were 
not affected by genetic density, duration of diabetes and age of diabetes onset. 
Conclusion: Secondary failure to OAD can also occur in spite or good beta cell 
reserve probably due to insulin resistance. Bela cell reserve was not correlated cither to 
the duration of diabetes or the age at diagnosis of the patients. Glucagon stimulated C- 
peptide levels is not a valuable marker to demonstrate secondary failure to OAD agents 
even though the response to glucagon stimulation is sufficient. 
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USEFULNESS OF GLUCOSE TOLERANCE TEST FOR DIAGNOSING 
DLVBETES -ANALYSIS OF 12,156 CASES 

M. Akao, N. Okayama, M. Shimizu, K, Imaeda, M.Okouchi, H. Omi, T. Kato, H. 
Uranishi, H. Kimura* and M. Itoh. Dpt of Internal medicine 1, Nagoya City 
University Medical School and *NTT Tokai Health Care Centre, Nagoya, Japan 
Background and Aims: Recently, the necessity of oral glucose tolerance test 
(OGTT) to diagnose diabetes has been under discussion. The aim of this study was to 
estimate the usefulness and indication of OGTT. 

Materials and Methods: In 12,156 subjects of our institutes from 1993 to 1999, we 
analysed body mass index (BMI), fasting plasma glucose (FPG), triglyceride (TG), 
total cholesterol (TC), hemoglobin Alc(HbAIc) and 75g OGTT. We diagnosed 
diabetes by the criteria of WHO 1998. Statistical analyses were made by a regression 
analysis and Student's unpaired t-test. 

Results: 744 subjects were diagnosed as diabetes. Surprisingly, 65 % of those patients 
(477 subjects) showedd high 2-h plasma glucose in the OGTT (2h-PGs) (>200 mg/d!) 
although their FPGs were less than 126 mg/dl. A regression analysis on this group 
rcveald that FPG 103 mg/dl corresponded to 2h-PG 200 mg/dl, indicating that the 
subjects whose FPGs ranged between 103 to 125 mg/dl (border FPG group) were 
highly recommended to undergo the OGTT. Interestingly, in the border FPG group, 
BMI (diabetic, 24.76 +/- 0.15, n = 304; non-diabetic, 23.74 +/- 0.05, n = 2724, 
P<0.05; mean +/- SEM), TG (diabetic, 184.3 +/- 6.0 mg/dl, n =* 304; non-diabetic, 
149.79 +/- 1.8 mg/dl, n = 2724, P<0.05; mean +/- SEM), and HbAlc (diabetic, 5.72 
+/- 0.04 %, n = 190; non-diabetic, 5.21 +/- 0.01 %, n = 1964, P<0.05, mean +/- SEM), 
but not TC, of diabetic group (2h-PG >/» 200mg/dl) were significantly higher than 
those of non-diabetic group (2h-PG < 200 mg/dl) respectively. Another regression 
analysis showed that BMI 24.2, TG 160 mg/dl and HbAlc 5.5 % corresponded to 2h> 
PG 200 mg/dl, suggesting that BMI 24.2, TG 160 mg/dl and HbAlc 5.5 % are 
thought to be useful values for the indication of OGTT. 

Conclusions: The diagnosis of diabetes by only the value of FPG would be 
insufficient and an OGTT is effective for precise diagnosis of diabetes. We 
recommend the indication of an OGTT for the subjects whose FPG ranged between 
103 and 125 mg/dl and whose BMI, TG or HbAlc showed abnormally high value(s). 
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Low-calorie-diet reduces the antilipolytic action mediated by alpha 2-adrenergic 
receptors in adipose tissue in obese women: microdialysis study in situ. 

V. Stich*, F. Marion-Latard**, J. Hejnova*, M. Majercik*, Z.Stichova*, M. 
Lafontan** and M Berlan** 

•Department of Sports Medicine, Third Faculty of Medicine, Charles University, 
Prague, Czech Republic, **INSERM Unite 317, Laboratory of Clinical 
Pharmacology, Faculty of Medicine, Toulouse, France. 

Background and Aims: AIpha2-adrenoceptor (a!pha2-AR) stimulation was shown to 
blunt lipid mobilization during exercise in subcutaneous abdominal adipose tissue 
(SCAAT) in obese men. The aim of this study was to investigate the aIpha2-AR 
involvement in the control of exercise-induced lipolysis in SCAAT in obese women 
and to evaluate whether the alpha2-AR- mediated action can be modulated by a low - 
calorie-diet (LCD). 

Materials and Methods: Ten obese women (age 37,2± 5,5, body weight 99.1+4.6 
kg, body mass index 34.3±1.1 kg/m2) were submitted to LCD (5.5 MJ/day) for 10 
weeks. Using the microdialysis method, the exercise-induced alpha2-adrenergic 
antilipolytic effect was investigated in SCAAT before LCD and during the last day of 
the diet. Changes in extracellular glycerol concentrations (EGC) and blood flow were 
measured in SCAAT at rest and during 45 min exercise bouts (50% of heart rate 
reserve) in a control microdialysis probe and tn a probe supplemented with the 
alpha2-AR antagonist phentolamine. 

Results: Plasma norepinephrine, epinephrine and insulin levels at rest and their 
exercise-induced responses were not different before and during LCD. Before LCD, 
the exercise-induced increase in EGC was higher in the probe supplemented with 
phentolamine compared with the control probe (area-under-curve (AUC): 9211+1223 
vs 5831±729 pmol/1/ 45 min, respectively, p<0.004). During LCD, no differencies in 
the exercise-induced responses between the phentolamine-supplemented and the 
control probe were found. 

ConclusionsiThese findings suggest that the antilipolytic action mediated by alpha2- 
ARs is involved in the control of exercise-induced lipolysis in SCAAT in obese 
women. This antilipolytic action is reduced during low—calorie-diet. 

The study was supported by a grant of the Trant Agency of the Czech Republic 
303/00/0649. 
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METABOLIC TREATMENT TARGETS ACHIEVED IN PATIENTS 
WITH DIABETES OVER THE AGE OF 70 YEARS 
A.P. BROOKS, D. WEBB, K. FAYERS AND J.S.W. LI VOON CHONG. 
ROYAL HAMPSHIRE CO HOSPITAL, WINCHESTER, HAMPSHIRE, 
S022 5DG, UK. 

Background and Aims : There is limited data on metabolic targets achieved 
in patients with diabetes mellitus (DM) over 70 years compared to younger 
populations as in DCCT and UKPDS. 

Material and Methods: 567 of 1627 patients attending a secondary care 
diabetic clinic for annual review are over 70 years and form 5 treatment 
groups (a)-(e). These 5 groups comprise, according to treatment, and by age 
(mean + SD) yrs and duration of diabetes (mean+SD) yrs: (a) 61 patients 
with type 1 DM, aged 76+5, duration of DM 24+15, (b) 39 pts with type 2 
DM, diet treated, aged 75+4, duration of DM 8+5, (c) 301 pts with type 2 
DM on oral agents, aged 76+5, duration 11+8, (d) 156 pts with DM requiring 
insulin, aged 76+5, duration 17+9, (e) 10 pts with type 2 DM on insulin and 
metformin, aged 75+5, duration of DM 16+8. 

Results: Total cholesterol did not differ between treatment groups, being 
lowest in group (b) 4.8+1.0 mmol/l and highest in (e) 5.2 +0.9 mmol/1. 
Likewise for scrum creatinine, lowest in (b) 104+21, and highest in (d) at 
116+37 pmol/1. Mean HbAlC increased from 7.3 +1.3 % in group (b) to 9.8 
+1.3 % in (e). Mean HbAIC in type 1 patients over 70 years of age (8.8 
±1.5%) was the same as in 438 type I patients under 70 years (8.8+1.8%). 
BMI (kg/m 2 ) increased from 26+5 in Type 1 patients (group (a)) to 34+8 in 
group (e). Conversely the lowest mean systolic BP (142+19) mmllg and 
diastolic BP (77+13 mmHg) were in group (e), and highest (150+18 and 
83+15 mmHg respectively) in group (b). Type 1 patients over 70 years had 
mean BP 146+21/76 + 10 mmHg, the systolic pressure being significantly 
higher (P<0.05) than in Type 1 patients under 70 years (mean 128+17/78+9 
mmHg). 

Conclusion: Metabolic targets achieved in patients with DM over 70 years 
vary according to treatment groups. They are close to those in younger 
patients except for systolic BP in Type 1 DM. They are also close to 
suggested targets, except for %HbAlC which exceeds 7.0% in all groups. 
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INCREASING FIBRE AND DECREASING FAT INTAKE LOWERS THE BLOOD 
GLUCOSE CONCENTRATION IN OVERWEIGHT SUBJECTS WITH STABLE 
WEIGHT 

J. Lindstrom, A. Louheranta, M. Rastas, V. Salminen, M. Mannelin, J. Tuomilehto and M. 
Uusitupa for the Finnish Diabetes Prevention Study Group. National Public Health 
Institute, Helsinki; DepL of Clinical Nutrition, University of Kuopio; Social Insurance 
Institution, Turku, Institute of Nursing and Health Care, Tampere and Oulu Deaconess 
Institute, Oulu, all in Finland. 

Background and Aims: Weight reduction is recommended to subjects who are 
overweight and have high blood glucose. Weight reduction, on the other hand, is difficult 
to achieve and maintain. The aim of this study was to assess the relationship of dietary 
changes and glucose tolerance in subjects who were not able to reduce their weight during 
a two-year follow-up. Materials and Methods: 522 overweight subjects with IGT were 
randomised into the intervention (IG) or the control group (CG) of the Finnish Diabetes 
Prevention Study (DPS). The main components of the life-style intervention were weight 
reduction, exercise, and low-fat, high-fibre diet All subjects received advice about healthy 
diet and exercise habits; in the IG the intervention was intensive and individualised 
counselling. An oral glucose tolerance test vvas carried out and weight measured annually. 
Subjects with weight change from baseline to both 1-year and 2-year examinations < ± 3% 
were classified as ’no-w eight-change group’ (n=148). In order to control for the effect of 
exercise on glucose values, subjects were classified into three categories according to 
leisure time exercise habits: 'no exercise*, 'moderate exercise >4 hours/week' or 
’conditioning exercise >3 hours/week'. Diet was assessed with 3-day food records, and the 
changes in intakes from baseline to year 2 were calculated Differences in glucose 
concentrations by dichotomised changes in nutrient intakes (median value as cutpoint) 
were analysed by ANOVA Results: In the lowest exercise category (n=32), the change in 
carbohydrate intake was negatively associated with the change in fasting (p=0.0154) and 
post-load (0.0441) glucose, and the change in fat intake was positively associated with the 
change in post-load glucose concentration (p=0.0386). In die middle exercise category 
(n=89) the change in total fibre density (p=0.0063), water-soluble fibre density 
(p=0.0337), and carbohydrate intake (p=0.0276) were negatively, and the change in total 
fat (p^0.0389) and saturated fat (p=0.0284) were positively associated with the change in 
post-load glucose concentration. Conclusions: If weight reduction cannot be attained 
while aiming to control high blood glucose values, a significant reduction in blood glucose 
concentration can still be achieved by decreasing fat intake and increasing carbohydrates 
and fibre intake. 
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intesified lifestyle intervention or lnsulin treatment in 

TYPE 2 DIABETIC PATIENTS WITH FAILURE ON ORAL HYPOCLVCEMIC 
AGENTS - WHICH IS BEST! 

AM. Aas, L Bergstad, O. Johannesen and K.I. Birkdar.d, Dep. of Clinical Nutrition, Dep. 
of Medicine and I lormone Laboratory, Aker University Hospital, 0514 Oslo, Norway 

Background and Alms: The aims of this study was to assess whether, in type 2 diabetic 
patients with inadequate glycaemic control with oral hypoglycaemic agents (OHA) , an 
intensified lifestyle intervention program 1) was as effective as insulin treatment in 
controlling blood glucose, blood lipid and blood pressure during one year, and 2) could 
prevent the weight gain usually accompanying the introduction of insulin treatment in 
such patients. 

Materials and Methods: Thirty-eight subjects with type 2 diabetes treated with OHA, 
HbAlc 8-10.5% and BMI 26-40 kg/m2, were randomized to the following treatments 1) 
intensified lifestyle intervention (Life), 2) Life + insulin treatment (Life+Ins) and 3) 
Insulin treatment (Ins). The one-year Life-program consisted of a "lifestyle course" and 
group exercise twice a week. Data are given as median (inter quartile range). 

Results: Twenty-six % of the randomized subjects dropped out because of illness or non- 
compliance. Among those who completed the intervention according to the protocol, the 
Life group reduced their weight by 3.0 (4 0) kg (p<0.05), while the Life+Ins and Ins 
groups increased weight by 3.5 (3.4) (p<0.05) and 4.9 (6.9) kg (a.s), respectively. Body 
mass index, total body fat and abdominal fat (measured by DEXA) changed similarly to 
body weight There was a significant difference between the changes in the Life group and 
the two insulin-treated groups in all anthropometric measurements except for changes in 
fat-free body mass. The Life+Ins showed an increase in fat-free body mass with 1.7 (2.0) 
kg (p<0.05), while the Life group and Ins group showed no change. The levels of HbAlc 
were significantly reduced in the Life and Life+lns groups, by 1.2 (1.0) %-points and 1.0 
(1.7) %-points, respectively (both p<0.05). There was a similar, but non-significant trend 
in the Ins group by 1.5 (2.5). The cholesterol/ HDL-cholesterol ratio was lowered in all 
groups (p<0.01 in groups I and 2). There were no significant differences betw een the three 
treatment groups in the changes achieved in blood glucose regulation, blood lipids or 24- 
hour blood pressure during the intervention year. 

Conclusions: Intensified lifestyle intervention was as effective as insulin treatment in 
improving glycaemic control and also in controlling lipids and blood pressure levels in 
poorly controlled subjects with type 2 diabetes, and prevented the weight gain observed 
with insulin therapy. The lifestyle intervention program was not able to prevent the 
weight gain that accompanied insulin therapy. 
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ORLISTAT PROxMOTES WEIGHT LOSS AND IMPROVES CLYCAEMIC 
CONTROL IN OVERWEIGHT PATIENTS W ITH TYPE 2 DLXBETES 
Hanefeld M 1 , Platon P and Sachse G*. Centre for Clinical Studies, GWT-Technical 
University Dresden, Dresden 1 ; Hoffmann-La Roche AG, Grenzach-Wyhlen 2 , and Stifhmg 
Deutsche Klinik fur Diagnostik GmbH, Wiesbaden*, Germany. 

Background and Aims: The effects of treatment with orlistat on body w eight, glycaemic 
control and other cardiovascular risk factors were investigated in a I-year study of 
overweight or obese patients with type 2 diabetes. Materials and Methods: Overweight 
or obese adults (BMI >28 kg/m2) with type 2 diabetes were eligible for inclusion if they 
had an HbAlc of 6.5-11% and were either newly diagnosed and not receiving any 
antidiabetic medication or had received sulphonyl urea therapy for at least 2 months prior 
to the study. Patients treated with anti-diabetic medications other than sulphonylureas 
were excluded. After a 4-week, single-blind, placebo lead-in period, patients were 
randomised to double-blind treatment with orlistat 120 mg or placebo three times daily in 
conjunction with a mildly reduced-calorie diet (600 keal/day energy deficit, <30% of 
calories as fat) for 48 weeks. Results: A total of 383 patients were randomised to 
treatment, of whom 180 in the placebo group and 189 in the orlistat group were eligible 
for ITT analysis; 65% of patients were sulphonylurea-treated. After 1 year, patients in the 
orlistat plus diet group lost significantly more weight than patients in the placebo plus diet 
group (-5.4% vs -3.6%; p<0.01). Moreover, a significantly higher proportion of patients 
achieved weight loss of 5% or more with orlistat compared with placebo (51.3% vs 
31.6%; p=0.0001). Furthermore, reduction in waist circumference was almost 2-fold 
greater in orlistat-treated patients compared with placebo-treated patients (-5.5 cm vs -3.0 
cm; p=0.002). Patients treated with orlistat had significantly greater improvements than 
placebo-treated patients in HbAlc (-0.9% vs -0.4%; p<0.001), fasting glucose (-1.63 vs - 
0.71 mmol/L; p<0.01) and postprandial glucose (-1.81 vs -0.53 mmol/L; p<0.01). In 
addition, patients treated with orlistat achieved a greater reduction in mean daily 
sulphonylurea dose than patients treated with placebo. Orlistat was also associated with 
significantly greater improvements than placebo in total cholesterol (-2.3% vs +1.8%; 
p<0.01) and LDL-choIesterol (-2.0% vs +5.1%; p<0.05). Orlistat had a similar safety 
profile to placebo, with the exception of a higher incidence of generally mild and transient 
gastrointestinal events known to be associated with the mode of action of orlistat 
Conclusions: Weight loss with orlistat in conjunction with a mildly reduced-calorie diet 
improves glycaemic control and reduces sulphonylurea requirements in overweight or 
obese patients with type 2 diabetes. 
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Intensive Lifestyle Intervention is Necessary to Improve Insulin Sensitivity 
K.A. McAuley, JI Mann. Department of Human Nutrition, University of Otago, 
Dunedin, New Zealand. 

Background and aims: Degree of adiposity, level of physical activity and diet 
composition are determinants of insulin sensitivity This study compares the effect on 
insulin sensitivity of current dietary and exercise recommendations and a more 
intensive intervention in normoglycaemic insulin resistant individuals. 

Materials and Methods: 79 normoglycaemic insulin resistant (determined by the 
euglycaemic insulin clamp)men and women were randomised to a control group or 
one of two combined dietary and exercise programmes. One group (modest level) 
based on current clinical recommendations and the other on a more intensive dietary 
and exercise programme. Pre and post measurements (at 4 months) included: insulin 
sensitivity using a euglycaemic insulin clamp, body composition using dual-energy 
absorptiometry (DXA), aerobic fitness using a submaximal V02 test, a 4 day diet 
record, anthropomorphic measures, fasting glucose, insulin and a lipid profile. 

Results: Only the intensive group showed a significant improvement in insulin 
sensitivity (23% increase compared to 9% in the modest group, p=0.01). This was 
associated with a greater weight loss (4.6kg versus 4kg from total fat and 3kg versus 2 
kg of truncal fat) and a significant improvement in aerobic fitness (11% increase in 
the intensive compared to 1% in the modest, p=0.04) and a greater fibre intake in the 
intensive group, but no difference in reported total or saturated dietary fat. 
Conclusions: Current dietary and exercise recommendations do not significantly 
improve insulin sensitivity, however a more intensive programme does. Weight loss 
and improved aerobic fitness, rather than diet composition appear to be the most 
important determinants of the programme. 
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EFFECT OF ORLISTAT IN OVERWEIGHT AND OBESE TYPE 2 
DIABETES PATIENTS TREATED WITH METFORMIN 

J. Miles, L. Aronne, P. Hollander and S. Klein. Kansas City, MO; New York, NY; 
Dallas, TX and St. Louis, MO. USA. 

Background and Aims: Weight loss has known beneficial effects on glycemic 
control and cardiovascular (CV) risk factors in type 2 diabetes (D), but sustained 
weight reduction is difficult to achieve. Metformin results in less weight gain than 
insulin or sulfonylureas, and is therefore often used preferentially for obese D 
patients. The objective of the present 1-year multicenter, randomized, double-blind, 
placebo-controlled trial was to assess the effect of orlistat (ORL), a gastrointestinal 
lipase inhibitor, on body weight, glycemic control and CV risk factors in obese D 
treated with metformin (1000-2500 mg/d) alone or combined with other oral agents. 
Materials and Methods: Patients with a BMI 28-43 kg/m2 and an HbAlc of 7.5- 
12.0% were randomized to a hypocaloric diet plus ORL (n=249) or placebo (PL; 
n=254). 

Results: After ! year, mean (+SEM) weight loss was significantly greater in ORL 
than PL (A6±0.3% vs -1.7+0.3% of initial weight; p<0.001), and a greater proportion 
of ORL achieved 5% w eight loss (39.0% vs 15.7%; p<0.001), and 10% weight loss 
(14.1% vs 3.9%; p<0.001). More ORL compared with PL had a decrease in HbAlc of 
0.5% (61% vs 43%; p<0.01) and 1.0% (46% vs 29%; p<0.01). In addition, more 
patients treated with ORL than PL decreased or discontinued at least one anti-diabetic 
medication compared with PL (17% vs 8%), while fewer ORL than PL patients 
increased their medication dose or added another anti-diabetic medication (12% vs 
22%); p<0.001 for the difference between ORL and PL in medication changes. 
Compared with PL, patients treated with ORL had greater decreases in fasting plasma 
glucose (-2.0+0.2 vs -0.7+0.2 mmol/L; p=0.001), total cholesterol (-4.1+0.9 vs 
+2.6+1.0%; p<0.0001), LDL-cholesterol (-2.8±2.3 vs 3.9±2.7%; p<0.05), LDL/HDL 
ratio (-0.60+0.07 vs -0.46+0.08; p <0.05), and systolic blood pressure (-2.1+0.8 vs - 
0.4+0.9 mm Hg; p<0.05). Overall, more PL than ORL withdrew prematurely from the 
study (44% vs 35%, p<0.05), of these patients, more ORL than PL patients (10% vs 
5%) discontinued treatment because of an adverse event. 

Conclusions: These data demonstrate that orlistat is a useful weight management tool 
that results in improvement in glycemic control, lipid profile and blood pressure in 
obese patients who are being treated with metformin for type 2 diabetes mellitus. 
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Latin-Americao Multicentric Study with Orlistat in Overweight or Obese 
Patients w ith Type 2 Diabetes 

A. Halpem, Hospital das Clinicas da FMUSP, Sao Paulo, Brazil. 

Background and Aims: A 6-month, multicentre, randomised, placebo-controlled 
study was conducted in 5 Latin-American countries in order to assess the effect of 
orlistat on weight loss, glycaemic profile and other obesity-related cardiovascular risk 
factors in overweight or obese patients with type 2 diabetes. 

Materials and Methods: Patients aged 18-70 years with a BMI >27 kg/m2, 
diagnosed type 2 diabetes, and HbAIc of 6-11% were enrolled into a 2-week single¬ 
blind placebo lead-in period, at the start of which they were prescribed a mildly 
reduced-calorie diet (600 kcal/day energy deficit, 30% of calories as fat). Patients who 
completed the lead-in were then randomised to treatment with orlistat 120 mg or 
placebo three times daily in conjunction with diet for 6 months. Concomitant 
treatment with any antidiabetic medication except insulin or acarbcse was permitted 
during the study. 

Results: A total of 365 patients were enrolled, of whom 338 entered double-blind 
treatment and were eligible for intent-to-treat analysis (orlistat, n=164; placebo, 
n=174). After 24 weeks, the orlistat plus diet group had significantly greater weight 
loss than the placebo plus diet group (4.7% vs 3.0%; p^0.0003). Almost twice as 
many patients receiving orlistat plus diet lost 5% or more of initial body weight 
compared with placebo plus diet (30% vs 17%; p=0.003). Orlistat was associated with 
a significant improvement in glycaemic control compared with placebo, as reflected 
by greater reductions in HbAIc (-0.6% vs -0.2%; p=0.06), fasting plasma glucose (- 
1.00 vs -0.01 mmol/L; p=0.04) and postprandial glucose (-1.06 vs +0.17 mmol/L; 
p=0.05). Orlistat was also associated with significantly greater improvements than 
placebo in total cholesterol (-4.2% vs +1.9%; p^O.OOOl) and LDL-cholesterol (-3.6% 
vs +4.7%; p=0.0002). Orlistat was well-tolerated. Gastrointestinal events were more 
frequent in the orlistat than placebo group (65% vs 37% of patients) but these were 
generally mild to moderate in intensity, transient and limited to 1-2 episodes per 
patient. 

Conclusions: Treatment with orlistat plus diet promoted clinically significant weight 
loss and improved glycaemic and lipid profiles in overweight or obese patients with 
type 2 diabetes. 
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RELATION BETWEEN BODY MASS INDEX AND ITS VARIABILITY 
AND MORTALITY IN TYPE 2 DIABETIC PATIENTS 
G.Zoppini, G.Verlato, E.Brun, C.Zamboni,E.Bonora and M.Muggeo 
The relation between body weight and mortality in type 2 diabetic patients is not 
clear yet. The aim of the present study was to evaluate the impact of body 
weight and its variability over time on mortality in a well characterized type 2 
diabetic cohort. In the frame of the Verona Diabetes Study, we examined a 
cohort of 3475 type 2 diabetic patients, whose weight and height were available 
in 1986 (baseline). Body Mass Index (BMI) variability and its prognostic 
significance was evaluated in a subgroup of 2039 subjects who had at least two 
BMI determinations during each of the years 1984, ‘85, ’86. For this purpose, 
the mean, the coefficient of variation and the slope of BMI was calculated for 
each individual. During the 10 years of follow-up, 1253 deaths (670 women, 
583 men) were identified in the population under study. In the Cox proportional 
model (adjusted for; age, duration of diabetes, treatment, smoking, hypertension 
and fasting plasma glucose) analysis leaner women (i.e., those of the first 
quartile), but not men, showed a significantly lower survival probability than 
women of third and fourth quartiles. Since the interaction betw een BMI and age 
was statistically significant in bith sexes, the relation was studied separately in 
people aged < 65 and > 65 years (median age of the cohort). Under 65 yrs, BMI 
was directly related to mortality from all causes in both sexes, although the trend 
achieved the significance only in men (p=0.014). After 65 yrs, higher body 
weight was associated with a better outcome, especially in women (p=0.012). 
BMI variability was associated with a significant risk of death, mainly due to 
cardiovascular diseases, in women and with a similar, although not significant, 
trend in men. In conclusion, we documented that in type 2 diabetic patients a 
stable or a moderate excess weight improves survival, while fluctuations of body 
weight, especially in women, is detrimental to survival. 
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GLYCEMIC INDEX, INSULIN INDEX AND NEFA INDEX OF RICE AND 
CHAPATI LN T YPE 2 DIABETES MELLITUS SUBJECTS 
S. Parvin,, JMA Hannan and L Ali, Department of Biochemistry and Metabolism, 
BIRD EM, 122 Kazi Nazrul Islam Avenue, Dhaka, Bangladesh 

Background and Aims: Plasma glucose, plasma insulin and NEFA responses to a 
food are important determinants for the suitability of that particular item for diabetic 
patients. Glycemic Index (GI), Insulin Index (II) and NEFA Index (NI) are useful 
measures for the plasma glucose, insulin and NEFA responses of a dietary 
component. This study was undertaken to determine those indicators in two of the 
most popular starchy foods in Bangladesh. 

Materials and Methods: Parboiled rice, (BR32 and BR25) and chapati (parboiled, 
chapati 1 and non-parboiled, chapati 2) were used as test meal and white bread was 
used as the reference food. Seventeen subjects consumed equi-carbohydrate of the test 
meal with a run-in period of 5 days between the consecutive items. Plasma glucose 
was measured by glucose oxidase method, HbAIc and NEFA by colorimetric method 
and plasma insulin by a fluorimetric microparticle enhanced fluorescent immunoassay 
(EIMA). 

Results: The patients had HbAIc 7.7 ±0.7% (M±SD). Two varieties of chapati 
lowered the GI values compared to that of bread and pressure parboiled rice (iAUC, 
Mean±SD, 5I6±177 in BR32, 531+251 in BR25, 477±235 in Bread vs 399±174 in 
chapati 1 and 384+164 in chapati 2; BR32, BR25 vs chapati 2, p=0.003; p=0.038). 
The GI values of rice and chapati were also higher in BR32: 141+96, BR25: 131+73, 
chapati 1: 116+109 and chapati 2: 105+89; BR32 vs chapati 1, p=0.003. II values 
were also higher in BR32 (127+87, p=0.033), BR25 (122+71, p=0.019) compared to 
chapati 2 (92+54). Chapati 1 (101+59) showed lower II than that of BR32 and BR25 
though the difference was not significant. NI of BR32 (256+193) was higher 
compared to that of BR25 (165+107, p=0.040), Chapati 1 (148+108, p=0.042) and 
Chapati 2 (163+132, p=0 046). 

Conclusions: a) Equi-carbohydrate amount of chapati produces lower glycemic 
responses as compared to Bread and Rice b) Chapati is a better choice than rice from 
the standpoint of Insulin and NEFA responses c) GI, II and NT are more useful marker 
in ranking the carbohydrate containing food compared to the absolute blood levels of 
those parameters. 
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GLYCEMIC CONTROL IN TYPE 2 DIABETES IS IMPROVED BY LONG-TERM 
PIOGLITAZONE/SULFONYLUREA COMBINATION THERAPY 
M Kipnes 1 and A Boss. 2 'Diabetes & Glandular Disease Clinic, San Antonio, TX, 
USA, and 2 Takeda Phannaceuticals North America, Inc., Lincolnshire, IL, USA. 
Background and Aims: The durability of glycemic effects of pioglitazone HC1 V 
(PIO)/sulfonylurea (SU) combination therapy was studied in patients with type 2 
diabetes mellitus. One-hundred twenty-nine patients who completed a long-term, 
open-label extension (OLE) trial following a 16-week, randomized, double-blind 
(DB), multicenter trial of PIO in combination with SU vs SU alone were evaluated. 
Materials and Methods: On completion of the DB phase, patients entering the 
OLE from either DB treatment group (ie, PIO/SU; SU alone) started the OLE with 
PIO 15 mg once daily for 4 weeks, after which the dose could be titrated to 30 or 45 
mg/day if needed. The SU dose could be decreased or discontinued, if necessary, in 
response to hypoglycemia. 

Results: Primary glycemic data for a total of 88 weeks are shown*: 



Baseline 

End of OB 
(week 16) 

After 24 weeks of 
OLE (week 40) 

After 72 weeks of OLE 

(week 88) 

PIO/SU (n=92) (Total of £8 weeks' combination therapy) 

HbAic (%) 

9.83 

8.56 (-1.28)1 

8.28 (-1.55)$$ 

8.20 (-1.64)f$ 

FPG (mg/dl.) 

237.5 

180.6 (—5S.9)T 

174.8 (-62.6)1 

171.2 {-66.3)t 

SU alone for 16-week DB; SU/PIO for OLE (n=37) (Total of 72 weeks' combination therapy) 

HbAic (%) 

9.27 

9.13 (-0.14) 

7.97 (-1.29)tt 

8.02 (-1.25)1$ 

FPG (mg/dL) 

222.4 

218.6 (-3.9) 

163.2 (-59.2)$$ 

164.7 (-57.7)t$ 


* Values reported as Mean (Mean A vs Baseline); f p<0.01 vs baseline; $ p<0.01 vs end of DB 


Patients who had received combination SU/PIO therapy during the DB phase 
demonstrated continued improvements in HbAic and sustained improvements in 
FPG throughout the 72-week OLE. Patients who had received only SU during DB 
treatment showed significant improvements in glycemic control when PIO was 
added; these changes were evident by 24 weeks and were maintained throughout the 
OLE. 

Conclusions: Long-term combination therapy with PIO/SU is an effective treatment 
option for improving glycemic control in patients with type 2 diabetes and is 
associated with sustained improvements over time. 
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LONG-TERM PIOGLITAZONE / INSULIN COMBINATION THERAPY 
IMPROVES GLYCEMIC CONTROL IN TYPE 2 DIABETES 
S Rosenblatt, 1 S Cichy, 2 C Sanes-Miller, 2 and The Pioglitazone 031 Study Group. 
'Irvine Center for Clinical Research, Irvine, CA, USA and ^akeda Pharmaceuticals 
North America, Inc., Lincolnshire, IL, USA. 

Background and Aims: The durability of glycemic effects of pioglitazone HC1 
(PIO)/insulin (INS) combination therapy was studied in patients with type 2 
diabetes mellitus. One-hundred fifty patients who completed a long-term, open- 
label extension (OLE) trial following a 16-week, randomized, double-blind (DB), 
multicenter trial of PIO in combination with INS versus INS alone were evaluated. 
Materials and Methods: On completion of the DB period, patients entering the 
OLE from either DB treatment group (ie, PIO/INS; INS alone) started the OLE with 
PIO 15 mg once daily for 4 weeks, after which the dose could be titrated to 30 or 45 
mg/day if needed. The INS dose could be decreased, if necessary, in response to 
hypoglycemia. 

Results: Primary glycemic data for a total of 88 weeks are shown below*: 



Baseline 

End of DB 
(week 16) 

After 24 week* of 

OLE (week 40) 

After 72 weeks of 

OLE (week 88) 

PIO/ INS (n=104) (Total of 88 weeks' combination therapy) 

HbAic (%) 

9.56 

8.38 (-1.18)$ 

8 32 (-1.22)$ 

8.26 (-1.30)t 

FPG (mg/dL) 

2122 

173.4 (-38.7)$ 

160.3 (-51.0)t 

152.9 (-59.3)$$ 

INS atone for IS-week DB; INS/ PIO for OLE (n=46) (Total of 72 weeks’ combination therapy) 

HbAic (%) 

9.43 

9.17 (-0.26) 

8.2t(-1.22)tt 

8.25(-1.17)tt 

FPG (mg/dL) 

217.8 

193.9 (-24.0) 

166.2 (-51.6)$ 

169.5 (-48.4)$ 


* Values reported as Mean (Mean A vs Baseline); t p<0-01 vs baseline; $ p<0.01 vs end of D3 


Patients who had received combination PIO/INS therapy during DB treatment 
showed sustained improvements in glycemic control throughout the 72-w eek OLE. 
Patients who had received INS alone during DB treatment showed significant 
improvements in glycemic control when PIO therapy was added; these 
improvements were evident by 24 weeks and were maintained throughout the OLE. 
Conclusions: Long-term pioglitazone/insulin combination therapy is effective in 
providing sustained control of HbA[ C and FPG. 
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ROSIGLITAZONE PLUS GLICLAZIDE IMPROVES GLYCAEMIA IN TYPE 2 
DIABETICS COMPARED TO DOUBLING THE GLICLAZIDE DOSE 
R.E. James 1 , S. Wright 1 , B. Zhou 2 , R.A. Mather 1 , and N.P. Jones'. SmithKline 
Beecham, 'Harlow, UK, 2 Collegeville, PA, USA 

Background and Aims: This study evaluated the effect of rosiglitazone (RSG) 
plus half-maximal dose of gliclazide (GLIC) in reducing HbA, c in Type 2 diabetics 
compared with the uptitration of GLIC alone. Materials and Methods: In a 26- 
week study, patients were randomly assigned to receive either RSG 4 mg twice 
daily plus GLIC 160 mg/day, or GLIC uptitrated to a maximum of 320 mg/day. At 
baseline, all patients were receiving GLIC 160 mg/day and had equivalent fasting 
plasma glucose (FPG) values. Results: RSG plus GLIC produced significantly 
greater decreases in HbA] C and FPG than uptitration of GLIC and was safe and well 
tolerated. The number of patients with hypoglycaemia and severe oedema was low 
(RSG+GLIC [«=231] 6.1% and 0.9% respectively; GLIC [n=242] 2.1% and 0.0% 
respectively). Conclusions: 8 mg/day RSG is safe, w ell tolerated and significantly 
more effective w hen added to a half-maximal dose of GLIC than uptitrating GLIC 
to a maximum dose in improving glycaemia in Type 2 diabetics. _ 



Treatment group 

RSG + GLIC 

Uptitrated GLIC 

HbA, c (%) 

/i=218 

71=233 

Mean baseline 

8.53 

8.59 

Mean A from baseline ± SD 

-1.22* ±1.100 

+6.07 ± 0.906 

Difference from uptitrated GLIC 

-1.32** 

NA 

% with reduction > 0.7% 

64.7% 

20.6% 

FPG (mg/dl) 

/i=225 

71=241 

Mean baseline 

185.1 

184.2 

Mean A from baseline ± SD 

-43.4* ±43.06 

49.2 ± 47.48 

Difference from uptitrated GLIC 

-53.9** 

NA 

% with reduction £ 30 mg/dl 

64.4% 

18.7% 


•pO.OOOl, **^-0.0001 
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IN PATIENTS WITH TYPE 2 DIABETES ON METFORMIN, PIOGLITAZONE 
REDUCES THE ATHEROGENIC INDEX OF PLASMA 
D Johns, 1 MH Tan, 1 NB Glazer, 2 and Pioglitazone Study 027 Group, 'Eli Lilly and 
Co., Indianapolis, IN, USA and ^akeda Pharmaceuticals North America, Inc., 
Lincolnshire, IL, USA. 

Background and Aims: The Atherogenic Index of Plasma (AIP) is Log (Tg/HDL- 
C) and correlates inversely with LDL particle size (r = - 0.78). Cohorts at low risk 
for coronary heart disease (CHD) have AIP values <0; those with high risk have 
positive values. People with type 2 diabetes mellitus (T2DM) are at high risk for 
CHD and have higher AIPs than their matched controls. We studied the effect of 
pioglitazone (PIO), a thiazolidinedione, on AIP in patients with T2DM currently 
treated with metformin (MET) and not in good glycemic control (HbA| C >8.0%). 
Materials and Methods: The AIPs of patients with T2DM who participated in a 
multicenter, double-blind clinical trial were calculated and compared for treatment 
effects. After a 6-week run-in period, patients were randomized to either placebo 
with MET (n=143) or PIO 30 mg QD with MET (n=158). Patients remained on the 
assigned treatment for the next 16 weeks. Fasting blood samples were obtained for 
HbAic, plasma cholesterol (total-C, LDL-C, and HDL-C), Tg, glucose, and insulin. 
The least-squares mean change (A) in lipids, HbAi c , and AIP from baseline (last 
observation carried forward) for each group was obtained from analysis of 
covariance model with treatment, center and baseline included as a covariate. 
Results: Compared with placebo, PIO lowered HbAj c by 0.83% points and Tg by 
16%, raised HDL-C by 8.7%, and had no significant effect on total-C or LDL-C. The 
results for AIP are shown below: 



Baseline AIP 

Mean A AIP 

SEM 

P-value vs 
Baseline 

P*va!ue vs 
placebo 

Placebo* MET 

0.35 

0.0 

0.017 

P=0.93 


PIO * MET ! 

0.37 

-0.09 

0.016 

P=0.0001 

P=0.0001 


Conclusions: Pioglitazone added to metformin significantly reduced AIP in patients 
with T2DM. Because of the inverse relationship between AIP and LDL particle size, 
this decrease in AIP may be extrapolated to reflect an increase in LDL particle size. 
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GLYCAEMIC EFFICACY AND WEIGHT REGULATION IN PATIENTS ON 
SULPHONYLUREAS: A UTILITY FUNCTION TO QUANTIFY OUTCOME 
P Lehot, 1 M Maitre 2 J Davidson, 3 A Ga&cr, 4 T ABavoine, 2 H Hewlett, 2 F Porte, 2 M 
Comes, 2 M-J Charon 2 and M Marre. 5 'Faculty of Economics, Mats, Belgium, 2 Merck 
Lipha, Lyon, France, 3 Endocrine & Diabetes Association of Texas, Dallas, USA, 4 Ba>’Ior 
College of Medicine, Houston, USA, ^Jniveisitaire X Bichat, Paris, France. 

Background and Aims: Body mass index does not predict adverse cardiovascular 
outcome, but weight gain during therapy (e.g. with sulphonylureas) may impair quality 
of life. Sulphonylureas, however, remain effective and necessary therapy for many 
patients. Distinguishing the best overall patient outcome between therapies can be 
difficult where HbAlc decreases and weight may increase. We present a novel utility 
function (Wh) that identifies the best overall patient outcome in such situations. 
Materials and Methods: Data were analysed from a 20-week, double-blind trial in 806 
diet-failed patients randomised to receive fixed combinations of metformin- 
glibenclamide (M-G) 250mg/L25mg or 500mg2.5mg, glibenclamide (G) 2.5mg, 
metformin (M) 500mg, or placebo. Wh is defined as follows: 

Wh = [(final HbA 1 c / baseline HbA 1 c) x (final weight / baseline weight) - 1 ]. 

Effects of decreases in HbAlc (efficacy) on Wh are opposed by increases in weight, so 
that larger negative Wh values suggest better treatment, overall 
Results: Wh was distributed normally (overall mean -0.14, SD 0.12). One-way analysis 
and multiple comparison t-Test of Student-Newmnn-Keuls revealed three different 
categories of treatment, corresponding to the two M-G combination groups (mean Wh = 
-0.18 for each), the G and M monotherapy groups (Wh = -0.14 and -0.15), and placebo 
(Wh = -0.05). Multiple regression showed that effects on Wh of M-G 250mg/1.25mg 
and 500mg/2.5mg were generally superior to those of G (p=0.03S and p=0.005) and M 
(P'0.066 and p^O.Oll). Age, gender, initial BMI, duration of diabetes or race did not 
have a clinically significant influence on Wh. 

Conclusions: The novel composite utility function, Wh, shows that combination 
therapy with M-G is associated with a better overall balance between control of 
HbA 1 c and weight gain than monotherapy with either M or G. 
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MANAGING THE TOTAL GLYCAEMIC BURDEN IN TYPE 2 DIABETES 
WITH METFORMIN-GLIBENCLAMIDE COMBINATION THERAPY 
F Porte, 1 A Garber, 2 H Howlett, 1 M Maitre, 1 J Davidson, 3 T Allavoine, 1 P Lehert, 4 M 
Comes 1 and M-J Chanut. 1 'Merck Lipha, Lyon, France, 2 BayIor College of 
Medicine, Houston, TX, USA, 3 Endocrine & Diabetes Association of Texas, Dallas, 
TX, USA, 4 Faculty of Economics, Mons, Belgium. 

Background and Aims: Tight control of HbAlc has been linked to a reduced risk of 
diabetic complications including mortality. Elevated fasting and 2-hour postprandial 
plasma glucose (FPG and 2hPPG) contribute to the total glycaemic burden. A 
double-blind trial in diet-failed patients has evaluated the effects of glibenclamide (G) 
and metformin (M), alone, and in fixed combination (M-G), on FPG and 2hPPG. 
Materials and Methods: Patients (n=806) were randomised to G 2.5mg, M 500mg, 
M-G 250mg/1.25mg or 500mg/2.5mg, or placebo (P) for 20 weeks. 

Results: All treatments reduced FPG and 2hPPG vs. placebo (Table 1). M-G 
250mg/1.25mg and 500mg/2.5mg reduced FPG more effectively than M (treatment 
differences -1.1£95%CI -1.5,-0.7] and -1.0 [-1.4.-0.7] mmoil) and reduced 2hPPG 
significantly vs. M (-1.1 [-1.8,-0.5] and -1.0 [-1.7,-03] mmol!) and G (-1.0 [-1.7, 
-0.4] and -0.9 [-1.6, -0.2] mmol/1). The magnitudes of glucose excursions (2hPPG- 
FPG) were reduced significantly by M and M-G. Effects at 20 weeks on FPG and 
2hPPG were larger in patients with more severe diabetes (HbAlc>8%) at baseline. 
Table 1. Mean changes from baseline (mmol/1, means [SE]) 

P G M M-G M-G 

23mg 500 mg 250mg/135mg 500mg/23mg 
FPG 0.3(03) -20(0.1)* -1.2(0.1)* -23(0.1)*' -2.2(0.1)* 1 

2hPPG 03(03) -2.4 (0.2)* -2.2 (0.2)* -3.4(0.2)* n -3.3(0.2)* n 

PPG-FPG 0,0 (0.2) -0.4(03) -0,8 (0.2)* -1.2(0.2)» -1.0 (0.2)* 

Significantly (p<0.05-0.001) more effective than *P, T M, *G. 

Conclusions: M-G combinations reduced FPG more effectively than M, and 2hPPG 
more effectively than M or G. M-G combinations alleviated the total glycaemic 
burden more effectively than monotherapy with M or G. 
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Comparison of glimepiride & glidazide in metformIn-tre3ted patients with type 
2 diabetes: a double-blind, crossover study of vascular function. 

K DAVIS, P DHINDSA, M HOLT, R DONNELLY, University of Nottingham, 
Division of Vascular Medicine, Southern Derbyshire Acute Hospitals Trust, Derby 

Background & Aims: Sulphonylureas (SUs) have differential binding properties to 
cardiovascular K ATP channels, but the comparative effects of Glimepiride (GLIM) 
and Gliclazide (GLIC) on micro- and macrovascular function have not been 
previously reported in patients with type 2 diabetes (T2DM). 

Method: Twelve patients with T2DM and suboptimal glycaemic control despite 
metformin 500mg bid participated in a double-blind, randomised crossover study of 
additional GLIM 2mg od and GLIC 80mg bid, each for 4 wks, with a 4-wk washout. 
Results: Metformin continued unchanged, and patients attended 4 study days after I s * 
dose and 4-wks administration of each SU to assess metabolic changes 
(Fructosamine, lipids), arterial stiffness (Augmentation index [AIJ, pulse w-ave 
analysis), microvascular reactivity (Peak laser doppler responses to cutaneous 
iontophoresis of acetylcholine [Ach] & nitroprusside [SNP]) and pressor 
responsiveness to iv infusions of angiotensin II (All) and norarenaline (NA). 


Parameters 

GLIM 

l rt dose 1 mih 

GLIC 

I “ dose I ir.th 

DiffiSE 

P 

Fructosamine 

329.6 

313.7 

330.5 

318.5 

11.8±24 

0.6 

AI« 

9.8 

9.1 

10 

9.8 

1.2±4.7 

0.8 

Laser (Ach) 

55.7 

78.54 

44.8 

66.8 

-1.8141 

0.96 

Laser (SNP) 

96.8 

82.1 

101.9 

109.5 

45.7187 

0.6 


Conclusion: Despite experimental evidence of different K AT ? binding profiles, there 
were no clinically significant differences between GLIM & GLIC in terms of 
metabolic control, and micro- or macrovascular vasodilator and vasoconstrictor 
reactivity. 
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THE COMBINED METFORMIN & SULFONYLUREA THERAPY DOES NOT 
INCREASE THE RISK OF DEATH IN TYPE 2 DIABETES MELUTUS 
Janeczko D, Kopczynski J, Janeczko-Sosnowska E, Tuszynska A, 
Lewandowski Z 

Chair & Department of Gastroenterology & Metabolic Diseases, and of 
Epidemiology, Warsaw Medical University, Poland 

Background: Evidence has been presented suggesting a higher mortality risk 
brought about by SU (sulpbolylurca) and MF (metformin) in combination in 
type 2 diabetes. Materials & methods: Among 4419 type 2 diabetic patients 
with the disease of up to 10 years’ duration, the final therapy had been 
prescribed prior to the onset of the long follow-up; insulin alone; insulin+oral 
agents; SU only, BI (bigu3nidcs)+SU; BI only, and diet alone. After 26-years' 
follow-up (1973/74-1999) 3754 deaths were ascertained. Cox multiple 
regression models were used in assessing the relative odds of deaths from: all 
causes, coronary heart disease (CUD), and cerebrovascular disease (CVD). 
Different therapies were represented by a set of dummy variables, with SU 
therapy used as standard. Results: In the Table relative odds are presented for 
other adjusted risk variables, and 95% confidence intervals. 


HI 

■rrgrgi 

HiB 


ififl 

Diet only 

All causes 

L43 

[12-1.6] 

131 

[1.1*1.6] 


0773 
[0.6-0. S] 

SIS 

[03-0.7] 


1.67 

[13-23] 

1.85 

[13-Z8] 

WH 

0.71 

[03-1.0] 



1M 

13-2.6] 

377(3 
(1.7-1.4] 

UM 

10.7-1.2] 

mu 

533 

[024)3] 


The choice 

of insulin, or 

insulin &. oral agent as the preferred 


treatment in the first decade of duration of type 2 diabetes predicted an excess 
death rate during the long follow-up period compared with SU alone. The 
preference for BI or diet produced lower mortality risk, whereas the 
combination of oral agents brought the results equivalent to that of single SU 
treatment. 
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REPAGLENIDE PLUS METFORMIN:THERAPY EFFECTS ON INSULIN 
SECRETION AND SENSITIVITY IN TYPE 2 DIABETES. 

N. Roudovitch, M. Leyck Dieken 2 and A.F.H. PfeifTer'. 

•Clinic B. Franklin, Free University of Berlin and DIFE, Potsdam; 2 Novo Nordisk 
Pharma GmbH, Mainz, Germany, 

Background and Alms: Repaglinide (REP) is a novel rapid-acting oral anti-diabetic 
agent It acts directly on the pancreatic B-cells to stimulate insulin secretion. The primary 
objective of this study was to evaluate the hypoglycemic potential of REP under hyper- 
and euglycemic clamp conditions. Secondly, assess the impact of replacing/restoring early 
glucose dependent insulin release. Thirdly, the evaluation the effects of REP in 
combination with metformin (MET) on insulin sensitivity. 

Materials and Methods: We quantified B-cetl secretion and insulin sensitivity following 
hyperinsulinemic, euglycemic (EC)(at 4.5 mmol/1) and hyperglycemic clamp (HCX*t 11 • 1 
mmol/L) in 11 patients with T2DM (10M/F; age 58.8±9 yr., x±$E; BMI 32.2±6 kg/m 2 ; 
HbAlc 7.641 %; diabetes duration 8.245 yr.) in randomised placebo-controlled study of 2 
weeks duration. Two doses of REP 1 mg or PL were given in random order at -30 and 60 
min of the clamp. B-cell secretion was determined in the HC as the acute insulin response 
to glucose (AIRglu) over first 10 minutes and second phase of insulin secretion (I HC 25- 
180). Insulin sensitivity index (ISI) was measured during the least 30 min of the EC. C- 
peptide as a marker of insulin secretion in euglycemia was measured under basal and 
under steady-state conditions. Values are listed as the mean ± SEM. Statistical significance 
was determined using paired t-test and/or Wilcoxon-tesL 

Results: The AIRglu and second phase of insulin secretion under hyperglycemic 
conditions were significant increased in HC with REP (AIRglu 1.2340.4 vs. 0.7340.4 
h*mU/L, p<0.01 and I HC (25-180) 95.8±25.7 vs. 52416.5 h*mU/L, p< 0.01). The C- 
peptide concentrations under steady-state conditions were lower in EC with PL (501441 
vs. 945477 pmol/L, p<0.05). The basal C-peptide concentrations in EC with REP were 
significantly higher compared to C-peptide concentrations in steady-state (127.24122 vs. 
945477 pmol/L, p<0.05). Insulin sensitivity index was increased after 1 week 
combinations therapy: REP plus PL compared to ISI after 1 week therapy: PL plus MET 
(6.6741.8 vs. 4.9641.3 mg per kg*min/mU, p<0.05). 

Conclusions: REP increased first phase and stimulated second phase insulin responses 
under hyperglycemic conditions, without markedly enhancing insulin secretion in 
euglycemia. REP improved the early phases of insulin secretion in subjects with T2DM. 
REP plus MET combination therapy produced a significant enhancement of ISI compared 
to MET alone, suggesting s syneTgistic effect on insulin sensitivity. 
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ROSIGLITAZONE IN COMBINATION WITH GLIBENCLAMIDE PLUS 
METFORMIN IS EFFECTIVE AND WELL TOLERATED IN TYPE 2 
DIABETES PATIENTS 

N. Jones 1 , T. Jones 1 , L. Menci 2 , J. Xu 2 , M. Freed 2 and M. Kreider 2 . SmithKline 
Beecham, ‘Harlow, UK, 2 CoIlegeviIle, PA, USA. 

Background and Aims: Owing to the progressive nature of Type 2 diabetes (T2D) 
and the proven benefits of tight glycaemic control, the need for treatment with two or 
more anti-diabetic agents is increasing. Rosiglitazone (RSG), a potent PPARy agonist, 
has been shown to produce significant dose-dependent reductions in HbA| C and 
fasting plasma glucose (FPG) in combination with metformin (MET) or 
sulphonylureas (SU) compared with baseline or comparator alone. This study 
evaluated the efficacy and tolerability of RSG as triple therapy in T2D patients 
inadequately controlled on maximum doses of SU + MET. 

Materials and Methods: Patients on at least half-maximal doses of glyburide (GLB) 
and MET w ere titrated to maximal doses of both agents (20 mg/day GLB + 2 g/day 
MET) and entered into a 4-week single-blind, placebo (PBO) run-in period. A total of 
837 patients with FPG>140 mg/dl and £270 mg/dl were randomised to either PBO, 
RSG 4 mg/day or RSG 8 mg/day, in addition to maximum doses of GLB f MET, for 
26 weeks. 

Results: FPG and HbAi c were approximately 11.2 mmol/1 and 8.7%, respectively, at 
baseline. Following 26 weeks* treatment, significant reductions in mean HbA Ic and 
FPG from PBO were observed for RSG 4 mg/day (-0.58%, -1.7 mmol/I) and for RSG 
8 mg/day (-1.09%, -2.9 mmol/1). In the RSG 8 mg/day group, 49% of patients 
achieved an FPG<140 mg/dl, and 63% had a decrease in HbAi<>0.7%. Symptoms of 
hypoglycaemia, effectively managed by reducing the doses of GLB and/or MET, 
were more commonly reported in the RSG groups. Mild-to-moderate oedema was 
also reported more frequently in the RSG treatment groups but infrequently resulted 
in withdrawal from therapy. 

Conclusions: RSG (4 and 8 mg/day) triple combination with GLB + MET was 
efficacious and well tolerated, producing marked improvement in glycaemic control 
in patients with T2D previously inadequately controlled on GLB + MET. 
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Long-Term Efficacy of Triple Oral Therapy for Type 2 Diabetes Mcllitus 
R. Sandoval, F. Ovalle and D.S.H. Bell, The University of Alabama at Birmingham, 
Birmingham, Alabama, U.S.A. 

Background and Aims: We previously reported the efficacy of the addition of a 
thiazolidinedione (initially troglitazone, later rosiglitazone) to the regimen of patients 
failing metformin and sulfonylurea therapy. We now report the status of these 
patients three years after the initiation of triple oral therapy 

Materials, Methods and ResultsrAt a mean followup of 37 months (range 18 to 45), 
26 (74.3%) of 35 patients remained well controlled on triple therapy with an average 
HbAic of 6.940.3% (upper limit of normal 6.5%); the 9 patients who failed did so 
after a mean duration of therapy of 30 months (range 18 to 42) with an average 
HbAic of 8.840.5%. Both groups gained similar amounts of weight during the study 
period (14.442.1 vs. 11.643.8 lbs, p=0.54). A search for potential predictors of 
success and/or failure revealed that both groups had similar baseline characteristics 
including, age, duration of diabetes, weight, BMI, HbAic and baseline stimulated C- 
Peptide, and none of these demonstrated a significant correlation with the response to 
therapy. The only significant difference found between these groups was a significant 
increase in the stimulated C-Peptide levels during follow up in the group that remain 
controlled on triple oral therapy (form 3.640.9 to 5.24l.lng/ml, p=0.002), compared 
to no significant change during follow up in the group that failed (from 3.740.8 to 
4.240.4ng/ml, p=0.46). 

Conclusions: Triple oral therapy is therefore a viable long-term therapy for a 
significant proportion of those patients who achieve initial control, particularly those 
who demonstrate improvement of their pancreatic insulin secretory capacity after the 
addition of a thiazolidinedione. 
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ACUTE EFFECTS OF THE DITERPEN'E GLYCOSIDE STEVIOSIDE IN 
TVTE II DIABETIC PATIENTS. 

S. Gregersenl, K. Hermansenl, P. B. Jeppesenl, J.J. Ho!st2. Dept, of Endocrinology 
and Metabolism Cl, Aarhus University Hospital, Aarhus and Dept, of Medical 
Physiology2, The Panum Institute, Copenhagen, Denmark. 

Background and Aims: Extracts of the plant Stevia rebaudiana Bertoni (SrB) have 
been used for many years in the treatment of diabetes in South America, however, 
without clinical substantiation. We have previously demonstrated th3t Stevioside, a 
diterpene glycoside present in the plant SrB, possesses insulinotropic, glucagonostatic 
and anti-hyperglycaemic potentials in animal studies. The question arises whether 
Stevioside also in type 2 diabetes exerts beneficial effects on the glucose metabolism. 
Hypothesis: Stevioside added to a test meal reduces the postprandial blood glucose 
levels, stimulates insulin and suppresses glucagon levels. 

Materials and methods: An acute, paired, cross-over study was carried out in twelve 
type 2 diabetic subjects (4 females/8 males) with a mean glycated hemoglobin A1C of 
7.4±0.4 %. A standard meal (1725 kj) was supplemented with either 1 g of Stevioside 
or 1 g of gelatine (placebo). Blood samples were drawn from an antecubital vein 30 
minutes before and 240 minutes after ingestion of the test meal. Students paired t-test 
was used for comparing the effects of stevioside with placebo on the parameters 
measured. 

Results: Compared to placebo, stevioside reduced the incremental area under the 
glucose response curve with 18% (pH).013), the area under the glucagon response 
curve by 19% (p4).02), and the glucagon like peptide-1 (GLP-1) response by 31% 
(p=0.044). Stevioside did not significantly alter the area under the insulin and 
glucose-dependent insulinotropic polypeptide (GIP) curves and no differences in the 
postprandial levels of free fatty acids (FFA) and triglycerides w ere found. 
Conclusions: Stevioside reduces postprandial blood glucose and glucagon levels in 
type II diabetic patients. This indicates that Stevioside has beneficial effects on the 
glucose metabolism and may be advantageous in the treatment of type II diabetes. 
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Achieving goals metabolic control in type 2 diabetes mellitus by treating 
posprandia! hyperglycaemia with Migiitol. 

Puig-Domingo M, Pallardo LF, Garcia Mayor R, Benito P, Faure E, Mesa J, Lopez 
JS, Art£s M, Ravella R, on behalf of the MID IA investigators group 

Background and Aims: To evaluate the effectivity of Migiitol in glucose control and to 
identify factors related with the treatment response in a population of type 2 diabetes 
melllitus (DM) patients. 

Materials and Methods: 5.395 out-patients with type 2 DM participated in a prospective, 
observational and multi centre study performed in Spain. Once included, they could be 
treated with Migiitol (alone or in combination with other antyhiperglucemic drugs) if 
HbAlc > 6.5% with the intention to achieve blood glucose control ("low risk") according 
to the European Diabetes Policy Group’98-99 (EDPG'98-99): HbAlc <= 6.5%, fasting 
glucose <110 mg/d1 (6.0 mmol/1) and posprandial glucose <135 mg/dl (7.5 mmoU). 
After 12 months of treatment with Migiitol in a dose up to 300 mg/tid, a multivariate 
logistic regression analysis was performed. 

Results: At the inclusion visit 91.5% of patients with type 2 DM showed "microvascular 
risk" according to EDPG'98-99: HbAlc > 7.5%, fasting glucose > 125 mg/dl (7.0 mmoLL) 
or posprandial glucose >160 mg/dl (9.0 mmol/I). Recently diagnosed patients (less than 1 
year) had an average HbAlc of 7.0% (SD 1.3) in comparison with previously diagnosed 
patients (more than 1 year) who presented an average HbAlc of 7.6% (SD 1.4). Maximum 
effectivity of Migiitol was observed in patients with HbAlc >7.5% at baseline (mean 
decrease -1.8%, Cl 95% -1.67 to 1.86%) and among those practising physical exercise 
(OR: 1.67; Cl 95% 1.15 to 2.42). Multivariate analysis showed that a good response to 
treatment was not associated with age, gender, smoking habits or hypercholesterolemia at 
diagnosis. 74% of recently diagnosed patients achieved blood glucose control according to 
EDPG in comparison to 50% of previously diagnosed ones (p< 0.001). Patients treated 
with Migiitol in monotherapy showed better results in comparison with those treated with 
combination therapy (66% vs 44%, p< 0.001). The percentage of bad controlled parients 
was also reduced from 91.5% at baseline to 48% at the end of die study. At inclusion visit, 
27% of patients had posprandial glucose below 180 mg/dl (10.0 mmol/1) and moved up to 
70% after 12 months of treatment with Migiitol. 

CondusionsMiglitol is effective in the treatment of type 2 DM patients, particularly in 
those with a worse metabolic control who reach good HbAlc and blood glucose values 
after 12 months of treatment 
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6 MONTH EFFICACY AND SAFETY OF BENFLUOREX vs. PLACEBO AND 
METFORMIN IN TYPE 2 DIABETIC PAFIENTS. 

S. Del Prato*, D.W. Erkclcns®, M. Leutenegger" and the Mediator* Study Group. 
*Cattedra di Malattie del Metabolismo, Padova, Italy; # Academish Ziekenhuis, 
Utrecht, the Netherlands; ^University Hospital, Reims, France. 

Aims: 6-month efficacy of Benfluorex (Mediator*) (150-450 mg/day) was assessed 
in a double-blind multicentre study vs. Placebo and vs. Metformin (850- 
2550 mg/day). Materials and methods: After a 2-month nin-in period of strict 
dieting. 722 type 2 diabetic patients were randomized (1:2:2) to Placebo (PI; n=144), 
Benfluorex (BF; n=294) or Metformin (MF; n=284). After a 5-week dose-finding 
phase, the efficacy of BF was compared w ith PI (test for difference, main analysis) 
and MF (non-inferiority' test, secondary analysis) during a 6-month fixed dose 
treatment. Results: At entry after strict dieting there was no difference for HbA !c (PI: 
7.4±1.5, BF: 7.7±1.6, MF: 7.811.6%) and fasting plasma glucose (FPG; PI: 9.712.3; 
BF: 10.012.0; MF: 10.212.5 mmol/I). At the end of the dose-finding phase, mean 
dose was PI: 2.71 tab/d; BF:2.65 tab/d (397.5 mg/d); MF: 2.50 tab/d (2125 mg/d). At 
the end of treatment (ITT), HbAi e level decreased by 0.60% (p < 0.001) in BF 
patients and increased by 0.50% (p < 0.001) with PI, mean endpoint difference -0.86 
(0.17)% (p < 0.001). FPG decreased by 1.24±2.30 mmol/1 with BF and increased by 
0.3612.73 mmol/1 with PI; mean endpoint difference -1.33 (0.28) mmol/1 (p < 0.001). 
In patients treated with MF, HbAi e level decreased by 0.60% (p < 0.001); mean 
endpoint difference vs. BF was 0.28 (0.12)% [90% Cl: 0.07; 0.48]. With MF, FPG 
decreased by 1.2412.30 mmol/1 (p < 0.001); mean endpoint difference with BF: 0.64 
(0.19) mmol/1 [90% Cl: 0.33; 0.95]. Fasting plasma insulin, total and HDL- 
cholesterol, and triglyceride concentrations were not different among treatments. 
Treatment with BF was well tolerated, 22% of BF patients reported one or more 
adverse events (PI: 17%; MF: 23%) and only two patients suffered a treatment- 
related, serious adverse event. Conclusion: This study demonstrates that BF 1. 
significantly reduces HbA )c and FPG when compared to placebo; 2. has a good safety- 
profile; and 3. has relatively lower potency as compared to MF, though a non 
inferiority test (equivalence limit for HbAlc of 0.5%) was not different. 
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EFFECT OF MIGLITOL ON TYPE 2 DIABETIC PATIENTS 
N. Sailer, E. Stavridis, C. Jhonston, F. Xavier, J. Barron, G.S. Spathis 
St. Helier Hospital, Carshalton, Surrey, UK 

Background and Aims: Migiitol is a new a-glucosidase inhibitor. 
Aims of the study :To evaluate the effect of migiitol on glucose and 
lipid profiles in type 2 diabetics and to asses drug tolerability. 
Metirials and Methods: Following a two-week run-in period, 20 
Type 2 diabetics, (10 males) with diabetes of at least 6 months 
duration (or stabilized for at least 3 months), 40-75 years, non obese, 
with HbAl>8% on diet (n=5) or sulphonylureas (n=15) were blindly 
randomized to receive either placebo or migiitol 50 mg tds, for 4 
weeks with a 2 week wash-out period on placebo (double blind, 
placebo controlled, crossover trial). Adverse event monitoring was 
done at each visit Results: At the end of the placebo period mean 
fasting blood glucose=13.4±3.4mmoI/l, HbAl=9.5±2.8%, 
fructosamine=3.2±0.56mmol/l, total cholesterol=6.59±1.28mmol/l, 
triglycerides=1.9±1.02 mmol/I, body weight=74.7±14 kg. At the end 
of the actual therapy mean fasting blood glucose=12.8±3.2mmol/l, 
HbAl=9,86±2,8%, fructosamine=3,l±0,56 mmol/1, total 
choIesterol=6,7±l ,2mmol/l, triglycerides=2,02±l,25mmol/l, body 
weight=74,7±14,4 kg. There was no statistical difference between 
migiitol and placebo in fasting blood glucose (p< 0,99), HbAl 
(p<0,99), fructosamine (p<l), total cholesterol (p<l), triglycerides 
(p<0,99) and weight=74.7±14.4 (p<l). The most frequently adverse 
events reported were flatulence and meteorism which occurred 55% 
more frequently in migiitol vs. placebo treated patients (p<0,002). 
Nobody stopped the drug due to adverse events. Conclusions: there 
are no benefits from this drug but only adverse reactions. 
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IGF-1/BP3 (Somatokine) is well foierated and is biologically active in patients 
with type 2 diabetes meliitus receiving insulin. 

A. Moses, D. Clemmons, A. Sommer, W. Jacobson. Joslin Diabetes Center, Harvard 
Medical School and Insmed Incorporated. 

Background and Aims: Previous studies clearly demonstrated the efficacy of 
recombinant human insulin-like growth factor I (rhIGF-1) in subjects with type 1 and type 
2 diabetes. rhIGF-1 decreased HbAlc in both types of diabetes and reduced insulin 
requirements in type 1 diabetes. It also increased insulin sensitivity in subjects with type 2 
diabetes and in severe insulin resistance. Concerns have been raised about die dose- 
dependent side effects produced by rhIGF-1. In a short-term, proof of concept study, we 
previously demonstrated that an equimolar ratio of rhIGF-1 and rhIGFBP-3 (Somatokine) 
was biologically active in patients with type 1 diabetes. 

Materials and Methods: In the current study, subjects with type 2 diabetes were exposed 
to 4 dosage regimens of rhIGF-l/BP-3 determine pharmacokinetics and 
pharmacodynamics, clinical effects, and the adverse event profile. Somatokine was 
administered in one of 4 regimens: 1) twice daily sc at a dose of 2 mg/kg/24 hr, 2) as a 
continuous sc infusion of 2 mg/kg/24 hr; 3) as a 6 hr overnight sc infusion of total dose of 
2 mg/kg/24 hr, and 4) as a single sc injection of 1 mg/kg/24 hr. Endpoints included mean 
24 hour blood glucose, MAGE, and 24 hour insulin dose. 

Results: Each dose produced a statistically and clinically significant reduction in insulin 
requirements and improved glycemic control. Importantly, each dose was well-tolerated. 
There were no drug-related serious adverse events in any study group, despite the fact that 
the dose of total 1GF-1 ranged up to 2.5 times die dose that was poorly tolerated in 
previous studies of free rWGF-L One subject did develop a mild Bell's Palsy which 
resolved spontaneously. The adverse events reported most frequently included headache 
(9/12 group 2 and 7/14 group 1) back pain (3/12 group l and 7/14 group 2) and vomiting 
(2/13 group 3 and 2/16 group 4). No subjects discontinued from the study because of 
adverse events. 

Conclusions: These data are consistent with earlier trials of Somatokine in other patient 
groups without diabetes, but distinctly different than studies with free IGF-1. For 
Somatokine, there appears to be a dissociation between doses that produce a clinically 
significant effect from those that produce serious adverse events. Larger scale clinical 
trials are underway to determine the full dose response of Somatokine in diabetes both for 
clinical efficacy and tolerance, but the current data suggest that Somatokine may have a 
significant place in the therapy of diabetes meliitus. The safety profile of Somatokine is 
superior to that of rhIGF-I alone. 
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Amylin replacement with pramlintide as an adjunct to insulin therapy facilitates 
a combined improvement In glycemic and weight control in type 2 diabetes. 

DG Maggs, C Weyer, T Burrell, AD Gottlieb, LZ Shen, OG Kolterman. Amylin 
Pharmaceuticals, Inc., 9373 Towne Centre Drive, San Diego, CA 92121, USA. 
Background and Aims: Among the most prominent limitations of insulin therapy in 
type 2 diabetes are undesired weight gain and failure to achieve satisfactory glycemic 
control, especially during the postprandial period. Amylin, a beta cell hormone that is 
co-secreted with insulin in response to nutrient stimuli, reduces food intake in rodents 
and complements the effects of insulin in postprandial glucose homeostasis by 
regulating the rate of glucose influx after meals. Postprandial amylin responses are 
markedly impaired in insulin-treated type 2 diabetic patients. Three randomized- 
controlled clinical trials have consistently shown that preprandial s.c. injections of 
pramlintide, a synthetic analogue of human amylin, as an adjunct to insulin therapy 
result in significant mean reductions in both HbAlc and body weight in patients with 
type 2 diabetes. To further characterize this dual effect of pramlintide, we conducted a 
pooled analysis of all three clinical trials. 

Materials and Methods: Type 2 diabetic patients treated with either placebo+insulin 
[n=207, baseline HbAlc 9.3±1.2%, body weight 90.9± 19.7kg, (mean±SD)J or 
pramlintide 120 microgram BID+insulin [n=221, baseline HbAlc 9.1+1.1%, body 
weight 92.3±20.0kg] were stratified based on the changes (decrease or increase) from 
baseline in HbAlc and body weight after 26 weeks. 

Results: Twice the proportion of patients in the pramlintide+insulin group achieved a 
reduction in both HbAlc and body weight compared to the placebo+insulin group 
(51% vs. 26%, p<0.0001). Of the placebo+insulin treated patients, 21% experienced 
an increase in both HbAlc and weight, compared to only 10% in the 
pramlintide+insulin group (p<0.0001). Overall, 90% of pramlintide+insulin treated 
patients achieved a reduction in either HbAlc, weight, or both. Stratification by BM1 
and occurrence of adverse events revealed that the weight lowering effect of 
pramlintide was most pronounced in obese patients and unrelated to the occurrence of 
nausea, the most commonly observed side effect. 

Conclusions: The addition of pramlintide to insulin therapy, i.e., the replacement of 
both amylin and insulin responses at mealtime, facilitates a combined improvement in 
glycemic and weight control in patients with type 2 diabetes. 
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Twelve Weeks or Continuous Administration of GLP-1 in Elderly Diabetic 
Patients 

G.S. Meneilly, J.M. Egan, N. Greig, J. Veldhuis, J.F. Habener, and D. Elahi. 
University ofBC, John Hopkins Bayview Medical Center, University of Virginia, and 
MA General Hospital. 

Background and Aims: The established insulinotropic effect of GLP-1 had not been 
confirmed in elderly type 2 diabetes patients for a prolonged period. 

Materials and Methods: We examined regulation of glucose homeostasis by GLP-1 
(7-36 amide) before and after 12 weeks of continuous subcutaneous administration of 
GLP-1 (0.1-0.4 nmol/kg/h) in 7 elderly type 2 diabetic patients (age=72.6±1.3, 
BMI=27.4±1.3). No other agent for regulation of glucose was used in this group. A 
control group, n=5, was also examined before and after 12 weeks of usual therapy 
(age=72.2±1.6, BMI=28.Q±1.3). Diabetes was diagnosed 14+5 yrs. prior to the study 
in each group. A hyperglycemic clamp (5.4 mmol/1 above fasting) was performed for 
lh followed by return to fasting level for Ih, immediately followed by a euglycemic 
clamp (480 pmoI/m2/mm) for 2h before and 12 weeks after administration of GLP-1. 
During the euglycemic clamp, plasma glucose was allowed to fall to 5.3 mmol/1 and 
then maintained. In both groups hypoglycemic agents were withheld for 3 days prior 
to each clamp, except for GLP-1 in the post clamp. 

Results: In the control group 1st phase insulin (IRI) response was absent in the initial 
and final hyperglycemic clamps and in both clamps, 2nd phase insulin responses were 
only 50 pmol/1 above fasting levels. In euglycemic clamps, 180-240 min IRI levels 
were 1700 pmol/1 in all clamps. In the GLP-1 treated group, 1st phase IRI response 
was absent in the pre-clamp and improved in the post-clamp while second phase IRI 
levels increased by 85+36 pmol/1 from the first clamp. In 4 individuals who received 
GLP-1 treatment, we obtained 2-min samples during each of the hyperglycemic 
clamps and insulin pulse profiles were analyzed with multiparameter deconvolution 
technique. Insulin burst amplitude increased from 9.4 ±1 to normal values of 31.2+2 
pmol/l/min. Fasting plasma glucagon levels (IRG) were lower in the GLP-I group 
after 12 weeks but not in the control group (17 v 24 pmol/1). IRG levels during the last 
h of the clamp w ere 14 v 18 pmol/1. M values decreased in the post hyperglycemic 
clamp in the diabetic control group and slightly increased in the GLP-1 group (both 
NS). During euglycemia a similar change in M was observed. 

Conclusions: We conclude that GLP-1 is well tolerated for a prolonged period in 
elderly type 2 diabetic patients and is as efficacious as the usual oral agents. 
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Amylin replacement with pramlintide as an adjunct to insulin therapy facilitates 
a combined improvement in glycemic and weight control in type 1 diabetes. 

C Weyer, DG Maggs, M Fineman, AD Gottlieb, LZ Shen, OG Kolterman. Amylin 
Pharmaceuticals, Inc., 9373 Towne Centre Drive, San Diego, CA 92121, USA. 
Background and Aims: Type 1 diabetes is characterized by an absolute deficiency of 
two beta cell hormones, insulin and amylin. Attempts to restore near-normoglycemia 
with insulin replacement alone fail in the majority of patients, and are accompanied 
by an increased risk of hypoglycemia and undesired weight gain (DCCT). Amylin 
reduces food intake in rodents and complements the effects of insulin in postprandial 
glucose homeostasis by regulating the rate of glucose influx after meals. Three long¬ 
term clinical trials in patients with type 1 diabetes have consistently shown that 
preprandial s.c. injections of pramlintide, a synthetic analogue of human amylin, as an 
adjunct to insulin therapy result in significant mean reductions in both HbAlc and 
body weight in patients with type 1 diabetes. To further characterize this dual effect of 
pramlintide, we conducted a pooled analysis of all three clinical trials. 

Materials and Methods: Type 1 diabetic patients treated with placebo+insulin 
[n=393, baseline HbAlc 8.9+1.2%, body weight 75.7±14.3kg, (meam+SD)] or 
pramlintide (30/60 microgram TID/QID)+insulin [n=496, baseline HbAlc 8.9+1.2%, 
body weight 77.0+14.7kg] were stratified based on the changes (decrease or increase) 
from baseline in HbAlc and body weight after 26 weeks. 

Results: Twice the proportion of patients in the pramlintide+insulin group achieved a 
reduction in both HbAlc and body weight compared to the placebo+insulin group 
(44% vs. 22%, p<0.0001). While 27% of the placebo+insulin treated patients 
experienced an increase in both HbAlc and weight, this proportion was less than 9% 
in the pramlintide+insulin group (p<0.0001). Thus, more than 90% of 
pramlintide+insulin treated patients achieved a reduction in either HbAlc, weight, or 
both. Stratification by BMI and occurrence of adverse events revealed that the weight 
lowering effect of pramlintide was most pronounced in obese patients and unrelated to 
the occurrence of nausea, the most commonly observed side effect. 

Conclusions: The addition of pramlintide to insulin therapy, i.e., the replacement of 
both missing beta cell hormones at mealtime, facilitates a combined improvement in 
glycemic and weight control in patients with type 1 diabetes. 
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GLYCATED HAEMOGLOBIN AND CONTINUOUS GLUCOSE 
MONITORING. 

Sharp P.S., Krishna S. and Rainbow S.J. North wick Park Hospital, 
Middlesex, United Kingdom. 

Background. Glycated haemoglobin (HbAi c ) is the standard by 
which glycaemic control of diabetes is assessed. Previous studies 
have examined the correlations between various markers of glucose 
control and HbAt c , but new technology allows better assessment of 
this issue. Patients and Methods. 19 patients with insulin treated 
diabetes (11F, 8M, mean age 41.2 years, range 20 - 77 years) were 
studied with the continuous glucose monitoring system (MiniMed 
Inc.). This system measures subcutaneous glucose levels at 5 minute 
intervals throughout the study period, which levels correlate closely 
with capillary glucose. Results. During a mean study period of 2.7 
days per patient (range 1.5-4.2), HbA, c correlated with median 
glucose level (r =0.53, p=0.02). Peak glucose, quantitated as time 
(hours/24 hours) during which the glucose level was above an 
arbitrary figure of 15mmol/l, also correlated with HbAu (r =0.49, 
p=0.035). Variability in glucose, measured as the interquartile range 
for measurements, did not correlate with HbA l0 (r =0.02, p=0.9). 
Neither was there a correlation between any isolated blood glucose 
value and HbA lc (fasting glucose r =0.23, p=0.35), (2 hour 
postprandial glucose, r = -0.14, p=0.56). Conclusion. HbA lc 
correlates with median and peak glucose levels, but says little about 
variability in glucose values or any individual level. This 
fundamental point should be taken into account when using HbA le 
to assess effect of therapeutic agents or adjusting insulin regimens. 
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Continuous glucose monitor system in children with diabetes mellitus type 1 
J.V. Varvarovska, R. Pomahacova, F. Stozicky. Pediatric Department, Charles 
University Hospital Plzen, Czech Republic 

Background and AimsiContinuous glucose monitor system is a progressive method 
in diabetes care. The authors summarized their first experience with continuous 
glucose monitor system in children. 

Materials and Methods: 14 children (7boys, 7 girls) aged from 4 to 13 years were 
examined by means of continuous glucose monitor system MiniMed. 13 patients 
suffered from diabetes mellitus type 1 with unstable control, 1 non-diabetic girl was 
suspicious of fasting hypoglycemia. Monitor was applied with the previous informed 
consent of the patient's parents. Glucose monitor sensor was introduced into the right 
or left upper abdominal quadrant subcutaneously and the system was initialized 
within the next one hour. Glycemic values were then registered every 5 minutes by 
monitor system without the possibility of patient's visual control and after the 
maximum of 72 hours displayed on PC equipped with a special software. 

Results: Monitoring was successful in 11 children from the total 14. 1 boy refused the 
monitor after its initialization. In 2 patients small bleeding in the site of sensor 
application was observed and consequently discontinued monitoring due to blood 
coagulum in sensor cannula. Successful measurements proved nocturnal 
hypoglycemias in 5 diabetic children. The remaining 5 diabetic patients had high 
glycemias at night and in the morning but hypoglycemias in the afternoon. In 1 non- 
diabetic girl hypoglycemia after fasting was found out at night. All performed and 
successful monitorings contributed to the insulin dosage modification in diabetic 
patients and stabilized glycemias. In I non-diabetic girl with fasting hypoglycemia the 
diet containing maltodextrine was applied for hypoglycemia prevention. 

Conclusions: Continuous glucose monitor system has contributed to the adequate 
insulin dosage and to the improved diabetic control. It could be also used for the 
diagnostics of hypoglycemias of different causes. 
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INITIAL EXPERIENCE WITH THE CONTLNOUS GLUCOSE 
MONITORING SYSTEM 
A. Novials, M. Subira, A. Chico. 

Diabetology Unit. Fundacio Sarda Farriol. Barcelona, Spain. 

Background and Aims: Relevant prospective studies (DCCT, UKPD5) have demonstrated 
that a good metabolic control of DM decreases the risk of complications. Sometimes, intensive 
insulin therapy plus frequent self-monitoring of blood glucose are not enough to improve 
glyccmic control. The MiniMed® Continous Glucose Monitoring System (CGMS) offers more 
detailed information of glucose profile. The aim of the study was to evaluate benefits and 
problems related with the use of CGMS. 

Materials and Methods: 11 patients with badly controlled DM and/or frequent hypoglycemias 
(glycated hemoglobin 8.23*1.6%) were monitorized with the CGMS for 3 days (5 <5 and 6 $; 5 
type 1 and 6 type 2, age 53.5*15 years; DM evolution 16.7*9 years). All subjects were treated 
with insulin (9 with multiple injections and 2 with insulin pump). All CGMS were installed by 
the same instructed nurse following the recommendations of the system. Patients were 
instructed adequately and encouraged to maintain their usual lifestyle and treatment, and they 
used the same glucomctcr during the monitoring period. 

Results: CGMS register duration was 66*7 hours. Technical problems observed were: 1) In 1 
case wc needed to replace the CGMS 1 hour after it was installed due to an ‘‘error” message; 2) 
in another case an alarm was started due to a big discrepancy betw een meter glucose lev els and 
sensor glucose levels; 3) and in 3 cases the CGMS interrupted the register for 1 to 5 hours 
without any apparent reason or alarm. Non-optimal correlations between meter glucosc/scnsor 
glucose w ere observed in all patients in 1 o more days of the monitoring period We observed 2 
especially relev ant discrepancies: l)“Fa!se negative of hypoglycemia”: clinical hypoglycemia 
confirmed by the meter not detected by the CGMS; 2) And, “false positive of hypoglycemia”: 
normal meter value whereas sensor value was <40 mg/dl in the absence of symptoms of 
hypoglycemia. The CGMS was comfortable and not painful, and patients felt confident and 
satisfied with its use. Only 1 patient showed difficulties in understanding the CGMS. Glucose 
profile obtained was very informative and useful to modify treatment adequately. 

Conclusions: The CGMS is a useful tool for modifying treatment of patients with DM, but the 
number of technical problems observ ed needs to be considered 
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AMBULATORY CONTINUOUS SUBCUTANEOUS GLUCOSE SENSOR LN 
ADOLESCENT WITH TYPE I DIABETES: A BENEFICIAL TOOL 

P.Schaepelynck-B^Hcar, Ph. Vague and V.Lassmann-Vague. Timone Hospital, 
Marseille, France 

Background: Puberty is commonly associated with a deterioration of metabolic 
control in adolescence with type 1 diabetes for physical and psychological reasons. 
Capillary glucose monitoring is rarely performed and not sufficient to evaluate 
glycemic control. Hospitalization is often rejected and then medical follow-up 
difficult in these young patients. Aim of the study : To examine the help provided by 
ambulatory continuous SC glucose monitoring for the care of diabetic adolescents 
during their usual lifestyle. Patients : Eligibility criteria include adolescent with type 1 
insulin-dependent diabetes and HbAlc greater than 8%. Methods : At the beginning 
of the study (M0), SC glucose sensor (CGMS, Mimined, Sylmar, USA) is used for 3 
days. HbAlc and Low Blood Glucose Index (LBGI) are determined. After download 
to a computer, data are examined for evaluation of glycemic variations and discussed 
with the patient. Then insulin treatment is modified. Two months later (M2) the same 
procedure is used and all studied parameters are re-evaluated. Results: Ten 
adolescents (5 girls, 5 boys) with type 1IDDM have been included (mean age (+ SD): 
16.7+1.2 years, mean duration of diabetes: 5.1+3.3 years, mean HbAlc during the 
previous year: 10.2+0.8%). At inclusion, treatment consists in 2 (n-3) or 3 (n=6) daily 
insulin injections or CSII (n=l) In 9 patients, variations of glycemia are really 
revealed by CGMS but do not appear with capillary measures. In 7 patients day-to- 
day reproducibility of glycemic fluctuations is supposed to be related to inappropriate 
treatment. HbAlc significantly improves from M0 to M2 (10.3+1.1 vs 9.1+0.9%). 
LBGI does not significantly change (2.2+1.1 vs 3.2+1.4). Modifications of insulin 
treatment consist in intensification (n =3), change in insulin doses (n=4) or insulin 
type (n=3). Daily sensor data are not optimal in 40 % of cases. This is related to the 
patient (50 %) or to the device (50 %). Conclusion: CGMS provides the basis for 
discussion, motivation and adjustment of insulin treatment leading to improvement of 
metabolic control in ambulatory adolescent patient with type 1 diabetes. It appears 
then as a very useful tool in these patients. 
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ACCURACY OF MLNIMED CONTINUOUS GLUCOSE MONITORING 
SYSTEM DURING HYPOCLYCAEMIA 

D. Kerr, E. H. Cheyne, M. Weiss, J. Ryder, D. A. Cavan. Bournemouth Diabetes and 
Endocrine Centre, Royal Bournemouth Hospital, Bournemouth, U. K. 

Background and Aims: The concept of glucose sensing is an important development for 
patients with diabetes as it provides more accurate information about excursions above and 
below target levels. Clinical experience with the MiniMed continuous glucose monitoring 
system has revealed a surprising level of previously unrecognised hypoglycaemia. Available 
evidence suggests that subcutaneous glucose levels closely mimic blood glucose levels with a 
lag time of only a few minutes. How ever, no studies have been published to show how well the 
sensor performs in sustained hypoglycaemia and in recovery from hypoglycaemia The aim of 
our study was to evaluate the accuracy of the MiniMed subcutaneous glucose sensor during and 
in recovery from controlled hypoglycaemia 

Materials am! Methods: A h)-pcrinsulinaemic glucose clamp (60mU/m2) was used to study 8 
healthy volunteers. 2 glucose sensors were inserted the day before the study and calibrated with 
pinprick measurements. On the day of the study the sensors w ere calibrated with glucose values 
from a yellow springs glucose analyser at the start of the study and at the end of the shady. One 
of the sensors w as also calibrated during hypoglycaemia Blood glucose levels w ere maintained 
at cuglycacmia for the first 60 mins, then decreased to 2.5 mmol/I for 60 mins and finally 
restored to euglycacmia few a further 60 mins. ArteriaUsed blood taken was analysed for blood 
glucose every 5 mins. At the end of the study, sensor readings w ere compared to blood glucose 
readings. 

Results: Seven sensors did not provide usable data. The other 9 sensor profiles showed good 
agreement with blood glucose lev els at each of the three plateau’s with a correlation coefficient 
of 0.79 and mean absolute difference of 7 % (351 paired readings.) Regression analysis - slope 
= 0.81, intercept ~ 0.44 mmol/1. The sensor readings did have a tendency to read lower than the 
actual blood glucose lev els:Average readings at (A) Euglycacmia, (B) Hypoglycaemia (C) 
Euglycacmia - recovery: Sensor readings: (A) 4.20 +/- 0.60, (B) 2.50 +/- 0.38, (C) 3.95 +/- 
0.71. Blood glucose: (A) 4.47 +/• 0.27, (B) 2.58 +/- 0.19, (C) 4.48 +/- 0.17. The sensor drop 
closely matched the drop in blood glucose but the recovery from hvpoglycacmia was a little 
more variable. The time taken for the sensor to achieve a reading > 4mmol/l after 
hypoglycaemia was delayed by an average of 30 mins (range 0-55 mins). 

Conclusions: In general the sensor performed well although there was variation in performance 
between sensors. They proved effective at recognising the onset of hvpoglycacmia, but may be 
over-estimating the degree of and duration of hjpoglycacmia. 
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A RANDOMIZED, CONTROLLED STUDY. USE OF A CONTINUOUS 
GLUCOSE SENSOR IMPROVXS HBA1C LEVELS. 

H. Sabbah, B.W. Bode, K. McCulloch. Atlanta Diabetes Associates, Atlanta, Georgia, 
USA 

Background and Aims: Earlier results of nonrandomized pilot studies suggest that 
continuous glucose monitoring (CGMS, MiniMed Inc.) can be used to guide therapy 
adjustments and reduce HbAlc levels. To more rigorously evaluate this question, we 
undertook a randomized, prospective study in patients with poorly controlled Type 1 
diabetes. 

Materials and Methods: To be eligible, HbAlc levels had to be >= 8% despite at 
least one year of intensive insulin therapy with MDI or CSU, frequent self-monitored 
blood glucose (SMBG) tests, quarterly follow-up visits with review of meter 
downloads and education on self-adjusting insulin. Patients were assigned to one of 
two methods of therapy adjustment. The CGMS group wore a sensor during Week 1 
and Week 3, with each use followed by clinician review and therapy adjustments 
based on glucose profiles, diet logs, and meter downloads. The Meter group had 
clinician review and therapy adjustments also at Week 1 and Week 3, but using only 
data obtained from their meter downloads and diet logs. HbAlc measurements were 
obtained at Baseline, Week 8 and Week 12. 

Results: Twenty patients with an average age of 36 years (range, 19 to 61 years) and 
with 21 ± 9 years history of diabetes, completed the study. The average HbAlc 
[CGMS vs. Meter] was not different at Baseline [9.1 vs. 8.9, p=0.683). How ever, the 
average HbAlc was significantly lower for the CGMS group at Week 8 [7.9 vs. 8.6, 
p=0.064] and Week 12 [7.9 vs. 8.8, p=0.026]. There was a trend towards greater 
reduction from baseline in HbAlc at Week 8 [-1.2% vs. -0.3%] and Week 12 [-1.2% 
vs. -0.1%] when therapy adjustments were based on continuous glucose data versus 
when they were based on meter data alone. 

Conclusions: These results confirm that the CGMS is an effective means of reducing 
HbAlc, especially in patients who have failed to achieve control despite frequent 
blood glucose monitoring. 
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Repeated use of continuous glucose monitoring in children and adolescents 
improved metabolic control without increasing hypoglycemia. 

J. Ludvigsson, R. Hanas, A. Ter Veer, C. Andreasson, E. Isacson and E. Johansson 

Background and Aims: The CGMS sensor (Continuous Glucose Monitoring System, 
MiniMed, USA) monitors interstitial subcutaneous glucose (scGlucose) levels (2.2-22 
mmol/L), which is said to reflect blood glucose, every 10 seconds and records an 
average value every 5 minutes. The data is downloaded to a computer providing a 
continuous tracing of blood glucose values. The aim of this study was to evaluate the 
possible improvements in metabolic control in children and adolescents when using 
CGMS 

Materials and Methods: 27 diabetic patients aged 12.8 ± 3.6 (5-20) years and with a 
diabetes duration of 7.0 ± 3.8 (2 - 15) years (mean + SD) were randomized to use 
CGMS for 3 days every fortnight in a 6 month cross-over study. Half the time CGMS 
was used in’blind’ mode, i.e. neither the patient nor the diabetes team took part of the 
results. 

Results: The sensors gave valid readings for 2.1 ± 1.0 days. In both groups there was 
a decrease in HbAlc during the first 3-month period. After cross-over the now open 
group had a further decrease in HbAlc (caused mostly by a decrease in nighttime 
scGlucose) while the now'blind' group leveled off. Altogether there was a significant 
decrease in HbAlc during the open arm when there was access to the CGMS data 
from 7.6 to 7.2% (p=0.012) while the decrease during the'blind’ arm was from 7.6 to 
7.5% (p=n.s.). There were 1.5 episodes/day of daytime and 0.6 of nighttime high 
scGlucose (> 15 mmol/L). 26/27 patients experienced daytime low scGlucose (< 3,0 
mmol/L, 0.8 episodes/day, duration 58 ± 29 min) and all patients had at least one 
nighttime episode of low scGlucose (0.4 episodes/night, duration 132 ± 81 min). We 
found no difference in low scGlucose frequency between the treatment arms. 

Conclusions: Using CGMS in the pediatric age group detects wide swings in 
scGlucose, sometimes with very low values. With repeated use of this device it was 
possible to lower HbAlc without increasing the frequency of low scGlucose (< 
3 mmol/1 ;reflecting hypoglycemia). 
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Variables related to insulin sensitivity during human non-diabetic pregnancy. 
M.C. Breschi, G.Seghieri, R_ Anichini, A. De Beilis, F.Franconi, and L. Alviggi. 

Dept, of Internal Medicine and Diabetes Unit, Presidio Ospedaliero USL n.3, 
Pistoia,and University of Sassari, Italy. 

Background and Aims: Insulin resistance is raised during the last trimester of 
pregnancy. Aim of this study was to estimate the set of clinical variables mostly 
associated with the 'physiologic' insulin resistance related to the pregnant status. 

Materials and Methods: The study group was composed of 436 women who were 
classified as nondiabetic after having been tested by means of a 100-g OGTT between 
the 24th and the 28th gestational week,as suggested by the ADA clinical practice 
recommendations (Diabetes Care 23 Suppl.I:S77-79,2000).Insulin sensitivity was 
measured using the index of Matsuda and DeFronzo (10,000/square root of [fasting 
glucose x fasting insulin]x[mean glucosexmean insulin during OGTT]), and validated 
for pregnancy by Kirwan JP (Diabetes 49 Suppl. 1: A3,2000). 

Results: By univariate analysis the insulin sensitivity index (ISI) was inversely 
related to both pregestational (r=-0.27; p<0.0001) and actual body mass index (r^- 
0.27; p<0.0001), week of test (r^-0.10; p=O.03), as well as to mean blood pressure (r= 
-0.16; p=0.0008), whie no significant relationship was present with age, parity or 
family history of diabetes. Gestational week of test.body mass index (BNfl) at onset of 
pregnancy and mean blood pressure remained significantly related to ISI after a 
multiple regression analysis model including as covariates age, parity and body 
weight increase (p<0.05). 

Conclusions: In this group of women with normal glucose tolerance: a)insulin 
sensitivity changes significantly during the period 24th-28th week of pregnancy since 
the later oral glucose tolerance is being tested, the higher is insulin resistance 
(resulting raised of about the 25% from week 24 (18.6+/-9.4 SD) to week 28 (14.8+/- 
7.9; p=0.01), b) insulin sensitivity appears lower in woman who are fattier before 
pregnancy, independently of gestational weight increase, and finally c) blood pressure 
is independently related to degree of insulin resistance, similarly to w hat described in 
non-pregnant people. 
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Low er Tasting leptin in gestational diabetes mellitus is related to increased weight 
gain 

AI-Daghri N, Bartlett WA, Al-Attas O, Al-Rubean K, Jones AF and Kumar S. 
Departments of Clinical Biochemistry and Medicine, Birmingham Heartlands 
Hospital, Birmingham, UK and King Khalid University Hospital Diabetes Centre, 
Riyadh, Saudi Arabia 

Background and Aims: Serum Leptin concentrations are positively correlated with 
serum insulin concentraions in obese and non-obese subjects. Normal pregnancy is 
associated with higher leptin concentrations together with hyperinsulinaemia and 
insulin resistance, but gestational diabetes (GDM) is also associated with impaired 
insulin secretion. We investigated serum leptin, insulin and weight gain in pregnancy, 
both in normal women and those with GDM. 

Materials and Methods: Thirteen women with GDM, aged [mean (SD)] 32 (5.1) 
years with a mean body mass index (BMI) 30.8 (5.1) kg/m2 and pregnancy duration 
of 27.7 (3.5) weeks and 59 pregnant women with normal glucose tolerance, aged 30.9 
(4.9) years with BMI 30 (6.1) Kg/m2 (p=NS) and pregnancy duration of 26.6(4.5) 
weeks were studied. Fasting serum leptin was measured by readioimmunoassay 
(Linco Research , St. Louis, Mo.) and insulin by ELISA. Leptin concentrations were 
not normally distributed and were therefore logarithmically transformed: between 
group comparisons were made by t test. 

Results: Leptin concentrations were significantly lower in GDM patients [median 
(range)] [13.2(2.7-21.9) ng/mL] than controls [19.1 (3.5-87.0)ng/mL p<0.0001]. 
There was no difference in the baby's weight in GDM [3.85(0.57) Kg] and control 
mothers [3.7 (0.46) Kg], but maternal weight gain was significantly higher in GDM 
mothers [13.1 (3.6) vs 11.1 (3.7) Kg, p<0.006]. Multiple regression analysis showed 
that maternal weight gain (p<0.02), insulin concentration (p<0.018) and duration of 
pregnancy (p=0.04) w'ere significantly related to the logarithm of the serum leptin 
concentration (R2=0.504). However, insulin was positively correlated with leptin in 
normal, but not GDM mothers. 

Conclusions: GDM is associated w'ith relative hypoleptinaemia and greater weight 
gain. This may be related to an altered relationship between insulin and leptin in 
GDM. 
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MEMBRANE LIPID ABNORMALITY IN GESTATIONAL DIABETICS. 
K Ghebremeskel 1 , C Lowy 2 , Y Min 1 , B Thomas’, B Offiey-Shore 2 , and MA 
Crawford 2 , 'institute of Brain Chemistry and Human Nutrition, University of 
North London. 2 Department of Endocrinology , Diabetes, Guy’s, King’s and St 
Thomas’ School of Medicine, St Thomas* Hospital, London, SE1 7EK 

Background and Aims: The polyunsaturated fatty acids, arachidonic (AA) and 
docosahexaenoic (DHA), are vital structural and functional components of cell 
membranes. In human (type I and 2) and experimental diabetes, membrane 
levels of AA and DHA are depressed. Gestational diabetes mellitus (GDM) is 
characterised by insulin resistance, impaired glucose tolerance, receptor and 
vascular dysfunction. But membrane composition is less well characterised. We 
have investigated membrane lipid integrity in GDM and control women. 
Materials and Methods: Fasting blood samples were obtained from untreated 
GDM (n=46) and healthy controls (n=44) after 29 weeks of gestation. Percent 
fatty acid composition of plasma choline phosphoglyceridcs (PCPG) and red 
cell choline (RCPG) and cthanolaminc (REPG) phosphoglyceridcs were 
analysed by Gas Chromatography and expressed as McansfSD. Results: 
Relative to the controls, the GDMs had higher level of AA (8.5±2 vs 10.5±2.2, 
P<0.0001) and comparable DHA values in PCPG fraction. In contrast, in the 
RCPG of the GDMs both AA and DHA were lower (8.2±3.0 vs 10.3±2.1, 
P<0.0001) and (3.3±1.9 vs 4.9±1.9, P<0.0001) respectively. Similarly; the 
REPG of the GDMs were lower than the controls (AA, 13.9±3.4 vs 15.8±2.1, 
P<0.001) and (DHA, 7.9± 2.3 vs 6.3±2.8, P=0.003). Conclusions: Despite 
adequate levels of AA and DHA in plasma CPG, red cell membrane content of 
these two fatty acids was reduced in the untreated GDMs compared with 
women with normal glucose tolerance. These membrane perturbations may 
account for the recognised alterations in receptor function and impaired 
transport. 
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NORMAL AND GESTATIONAL DIABETES PREGNANCY ARE ASSOCIATED 
WITH INCREASED PLASMA TNFo LEVELS AND PLATELET AGGREGATION 
C. Tsigos, 1 E. Yfanti, 1 I. Elmatzoglou, 1 M. Souvatzoglou, 2 T. Demirtzoglou, 1 A. 
Krimizas, 2 1. Kyrou, 1 P. Tsiotra, 1 E. Papageorgiou, 3 E. Anastasiou 2 and S.A. Raptis, 1 " 3 
'Hellenic National Diabetes Center, 2 Dept. of Endocrinology, Alexandra Hospital and 
3 2 nd Dept, of Internal Medicine, Research Institute and Diabetes Center, University of 
Athens, Athens, Greece. 

Background and Aims: Pregnancy, especially during the second half, is associated 
with increased insulin resistance, as well as increased coagulability and thrombotic 
tendency. Increased leptin and TNFa production from the placenta may contribute to 
both abnormalities. We examined whether platelet aggregation is deranged during 
pregnancy and whether this might relate to circulating TNFa and leptin levels. 
Materials and Methods: We studied 26 women with normal pregnancy (Preg), 30 
with gestational diabetes (GDM) and 22 non-pregnant control women (Non-P), all 
matched for age and BMI. All pregnant women were studied during the 2 nd trimester. 
We measured fasting plasma glucose, insulin, leptin (by RIA) and TNFa (by Elisa), as 
well as platelet aggregation in response to increasing doses of ADP (1,2 and 5 pM/L) 
in a platelet aggregometer (BIO/DATA Corporation). Results: Both normal 
pregnancy and GDM were characterized by significant increases in platelet 
aggregation and leptin and TNFa levels compared to the non-pregnant controls 
(Table), despite their comparable BMIs. TNFa and leptin levels, but not platelet 
aggregation, correlated significantly with fasting insulin levels (p<0.05). Neither 
TNFa nor leptin levels correlated significantly with platelet aggregation. _ 
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Conclusions: Human pregnancy is generally associated with: a) elevations in 
circulating leptin and TNFa levels, most probably deriving from the placenta and 
contributing to the development of insulin resistance and b) increased platelet 
aggregation, which is more pronounced when GDM develops, and apparently 
contributes to the hypercoagulability observed in these conditions. 
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Serum homocysteine is related to glucose tolerance and Insulin sensitivity in 
diabetic and non-diabetic pregnant women. 

G. Seghieri, R.Anichini, M.C. Breschi, A.De Beilis, A.Pezzatini, F.Franconi and L. 
Alviggi. Dept, of Internal Medicine and Diabetic Unit, Presidio Ospedaliero USL n.3, 
Pistoiaand University of Sassarijtaly. 

Background and Aims:Serum homocysteine levels (sHcy) have previously been 
found reduced during pregnancy, as well as associated to adverse pregnancy outcomes 
or early pregnancy losses, while contrasting data exist about sHcy and insulin 
sensitivity or glucose tolerance in both diabetic and nondiabetic pregnant women.To 
evaluate this, we measured sHcy in two groups of diabetic and nondiabetic pregnant 
women. 

Materials and Methods: We studied two groups of women classified as nondiabetic 
(n=35) or affected with gestational diabetes mellitus (GDM, n=25)by means of a 100 
g OGTT performed between the 24th and the 28th gestational week, measuring 
insulin and sHcy both basally and at 2 hours , other than basal serum folate and 
vitB12. 

Results: Both basal and 2-hr sHcy were significantly higher, in the group of diabetic 
women (5+/-2.25(SD)umol/l vs 4.03+/-1.06 umol/i and 4.54+/-2.01 umol/1 vs 3.79+/- 
1.07 umo!/l;p<0.05 for both).In both groups basal sHcy was higher than 2-hr-sHcy by 
about the 9% (p=0.0001, by paired t test) and either basal or 2-hr-sHcy were inversely 
related to serum folate (r>-0.40;p<0.0l in both).OnIy in diabetic women both basal 
and 2-hr-sHcy were significantly related to 2hr-plasma glucose (r=0.50; p=0.01 for 
both),even after adjusting for serum folate (p=0.03). In both groups no relationship 
was observed between sHcy and serum vitB12, basal or 2-hr-plasma insulin, HOMA 
indices for insulin sensitivity or beta cell function. 

Conclusions: Our findings suggest that:a) GDM is characterised by a significant 
increase of about the 20% in basal and 2-hr sHcy; b) sHcy appears modified by 
plasma glucose concentrations, being reduced at 2 hours after a standardised oral 
glucose load, c) glucose tolerance, as expressed by 2-hr-plasma glucose during the 
OGTT, is significantly related to both basal and 2-hr sHcy, independently on the 
prevailing insulin sensitivity only in women with GDM. 
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IMPACT OF THE CHANGES IN THE GESTATIONAL DIABETES 
DIAGNOSTIC CRITERIA 

P. Potter, P. Navarro*, M. Mauri, I. Eleno, R. Alfayate and A. Pic6*. Laboratorio de 
Hormonas. Seccion de Endocrinologla*. Hospital General Universitario, Alicante, 
Spain 

Background and Aims: To asses the impact due to the change of gestational diabetes 
mellitus (GDM) diagnostic criteria: the currently used National Diabetes Data Group 
(NDDG) diagnostic criteria in front of the Carpenter and Coustan diagnostic criteria. 
Materials and Methods: Data from 1309 pregnant women all of whom were subject 
to the O'Sullivan test and, when it was indicated, also subject to the oral glucose 
tolerance test (OGTT), for diagnosis of GDM in our Hospital during the last 5 years 
(1996-2000) w ere analized. 

Results: O'Sullivan: From the 1309 patients subject to the O'Sulliva test, we obtained 
the following glucose levels, <130 mg/dL, 131-139 mg/dL and > or = 140 mg/dL in 
609, 151 and 548 patients, respectively. According to NDDG, a 100 g OGTT was 
performed in 41,9% of these patients. This percentage would then tise to 53,4% when 
the new Carpenter and Coustan diagnostic criteria are applied. 

OGTT: During the same time a total of 678 pregnant women were submitted to the 
OGTT, resulting that when we applied the NDDG diagnostic criteria, 221 (32,6%) 
patients are diagnosed as GDM, 178 (26,3%) had only one increased level and 279 
(41,1%) were normal. However, when the Carpenter and Coustan diagnostic criteria is 
applied results show: 316 (46,6%) would have been diagnosed as GDM, 162 (23,9%) 
would have had only one increased level and 200 (29,5%) would have been normal. 
With the new diagnostic criteria, there is an increase in the number of women who are 
diagnosed as GDM. The number of OGTT that we must repeat decrease by 2,4% also 
decreasing the pregnant w’omen considered normal by 11,6%. 

Conclusions: Application of the new GDM diagnostic criteria would involve an 
increase of the additional OGTT that must be performed. The percentage of patients 
diagnosed as GDM rises. Therefore, these additional patients must be included in 
treatment and care programmes which would involve an increase in the global cost 
and cause inconvenience to the patients. Nevertheless, it must be assessed the clinical 
repercussion of these changes. 
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ATTITUDE TOWARDS ORAL GLUCOSE TOLERANCE TEST WITH ONE 
ALTERED POINT IN GESTATIONAL DIABETES MELLITUS. UTILITY OF 
A SECOND ORAL GLUCOSE TOLERANCE TEST 
I. Eleno, P. Navarro*, R. Alfayate, P. Potter, M. Mauri, AM. Pico*. 

Laboratory de Hormonas. *Servicio de Endocrinologia. Hospital General 
Universitario de ALicante 

Background and Aims: 

According to the criteria of American Diabetes Association (ADA) for the diagnosis 
of gestational diabetes mellitus (GDM) tw'o or more altered results on oral glucose 
test tolerance (OGTT) were diagnostic criteria of GDM and those with none altered is 
normal. However, it is not clear how would to act when there is only one abnormal 
point. The present study analyses the results obtained in a second OGTT realised in 
women with one altered result in the first OGTT. 

Materials and Methods: 

We analysed the results of all OGTT performances to pregnant women during five 
consecutive years (1996-2000) in our laboratory. According to National Diabetes 
Data Group, the OGTT is performance with 100 g of glucose administrated oral and 
in fasting conditions and venous glucose levels are measured at 0, 1, 2 and 3 hours 
after test. Normal values are 105, 190, 165 and 145 mg/dl respectively. In our hospital 
we advise to repeat this test w hen one altered result appears. 

Results: 

During this five years period we realised 678 OGTT, of whom 178 had one altered 
result. We performed 88 repetitions of this test and obtained: 30 normal gestant 
(34.1%), 24 women with one altered result again (27.3%) and 34 women diagnosed as 
GDM (38.6%). 

Conclusions: 

The repetitions of OGTT seems necessary because the diagnosis shows an elevated 
percentage of women with GDM w hom could not be diagnosed with the first OGTT 
and could not be treated adequately. The question , now, is what is the attitude to 
adopt when in the second repetition one altered result persists. 
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ISLET AUTOIMMUNITY IS UNCOMMON IN ASIAN WOMEN WITH 
GESTATIONAL DIABETES. 

AC Thai 1 , WY Ng\ CL Teoh 3 and TM Chua 3 . 'Departments of Medicine, 
3 Obstetrics and Gynaecology, National University of Singapore and 3 Diabetes 
Clinic, National University Hospital, Singapore. 

Background and Aims: Gestational diabetes (GDM) complicates 3.2% of all 
pregnancies in Singapore women (ethnic Asian Chinese, Malays and Indians). 
The associated risk factors for GDM include age, family history and body 
weight. Affected women may need insulin treatment to achieve 
normoglycaemia. In most cases, glucose intolerance reverts to normal after 
childbirth but some are at risk of later development of diabetes mellitus. Islet 
autoantibodies are causally associated with immune-mediated type 1 diabetes 
and have also been shown to be detectable in subjects with pre-type I diabetes. 
In this study, we aim to determine the frequency of autoimmunity to islet 
antigens in our pregnant women with GDM. Materials and Methods: We 
studied a series of 211 consecutive w omen with historical risk factors for GDM 
who participated in a glucose tolerance test with 75g oral intake. The 2hr plasma 
glucose level >7.8mmol/l was diagnostic for gestational diabetes. The diabetes- 
associated autoantibodies tested were ICAs (immunofluorescence), GAD65ab 
and IA-2ab (radioimmunoassay). Results: The group of 211 women comprised 
of 118 Chinese, 70 Malay and 23 Indian. The glucose tolerance test identified 
101 women (47.9%; mean+SD age 32.8+5.7yr) with GDM (59 Chinese, 33 
Malay and 9 Indian). Prevalence of seropositivity to either one the 3 
autoantibodies were found in 4 (4.0%) women with GDM. One woman was 
positive for GAD65ab, a 41yr old Chinese with thyrotoxicosis, and required 
insulin treatment to achieve normoglycaemia. Three women, 2 Chinese and I 
Malay, had detectable IA-2ab and all were on diet treatment. ICAs were not 
detected in any GDM patient. At six w eeks post-natal, 2 of the 4 women with 
positive autoantibodies remained glucose intolerant. None of the women w ith 
normal glucose tolerance had evidence of islet autoimmunity. Conclusions: Islet 
autoimmunity is an uncommon occurrence in Asian women with GDM. A 
history of GDM is associated with initial presentation or risk of future 
development of autoimmune type 1 diabetes mellitus in only 4% of the patients. 
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FEATURES AND EVOLUTION OF PREGNANCIES COMPLICATED WITH 
GESTATIONAL DIABETES AND GLUCOSE LNTOLERANCE. 

A. Chico, V. Lopez-Rodo*, M.C. Cespedes**, I. Rojas, J. Mallafre*, A Novials. 
Diabctology Unit, Fundacid Sarda-Faniol. Depts. of Obstetrics* and Pediatrics**, 
Institut Universitari Dexeus. Barcelona, Spain. 

Background and Aims: Gestational diabetes (GDM) is associated with the presence of 
perinatal complications. The aim is to examine the outcome of the pregnancy in women 
with GDM and glucose intolerance (GO compared with pregnant women with normal 
glucose tolerance. Materials and Methods: GDM/Gl was diagnosed with 3h lOOg-OGTT 
(24-28, 32-35 weeks) Patients were treated with diet following ADA recommendations, 
and insulin was added if glucose levels l h after meals were >140 mg'dL. Results: 4039 
pregnancies were attended from 1999 to 2000, 226 women developed GDM/GI (5.6%). 
GDM'GI patients were older than non-GDM'GI (33.7±4 vs 32±6 years;p<0.05). Ln 
GDM/GI patients, family history of diabetes was present in 59.7% and personal history of 
GDM in 9.3%. Maternal family history was more prevalent than paternal or both together 
(52.7 vs 36 and 11.3%, respectively; p<0.01) Previous obstetric complications ware 
present in 32%. 54 women received insulin (23.9%). Patients taking insulin developed 
GDM before patients treated with diet (27±S vs 31*5 weeks; p<0,0l) but pregnancy 
evolution was die same. HbAlc and fructosamine levels were 4.3±0.6% and 203+47 
mmoI/L. Week of delivery was 38.9+1.7. Delivery was spontaneous in 66% of cases with 
GDM/GI, and in 90% of cases without GDM'GI (p<0.01).The proportion of cesarean 
delivery was the same in GDM/GI and non-GDM'GI patients (28% vs 26%). The 
incidence of fetal macrosomia was higher in GDM'GI group compared with normal group 
(4.4 vs 1.65%;p<0.05). Patients submitted to in vitro fertilization (IVF), were more in the 
group of GDM'GI than in the non-GDM'GI (12 vs 4.8%;p<0.05)AVomen with IVF were 
older (36+4 vs 33+3 years;p<0.05) and GDM'GI was diagnosed before (28+6 vs 31±5 
weeks; p<0.05). Birthweight correlates with mother weight and weight gain during 
pregnancy (p<0.05). The commonest complication of babies was jaundice (7%). 
Hypoglycemia was rare (4.4%). In women (n=49) with GI the proportion of patients with 
insulin and pregnancy evolution were the same. We have 26 OGlT after delivery (11.5%): 
I diagnostic of DM and 9 of glucose intolerance. Conclusions: Family history of DM 
(specially maternal) and previous obstetric complications are frequent in GDM'GI women. 
The proportion of women with insulin and evolution of pregnancies with GDM and GI is 
similar: good and with a low incidence of complications. The rate of macrosomia is low 
but higher than observed in newborns of non-GDM'GI women. Birthweight correlates 
with previous mother weight and weight gain during pregnancy. 
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NEONATAL HYPOGLYCAEMIA RELATES TO CONTROL IN 
LABOUR NOT IIBAlc IN TYPE I DIABETIC PREGNANCY 
R. Taylor, C. Lee, D. Kyne-Grzebalski, S.M. Marshall and J.M. Davison. 
Departments of Medicine and Obstetrics, Royal Victoria Infirmary, 

Newcastle upon Tyne, U.K. 

Background and aims: The outcome of 109 consecutive pregnancies in 
type I diabetic women managed in a single clinic between 1994 and 1999 
were examined to determine predictors of neonatal hypoglycemia and 
macrosomia. Methods: Case record review. Results: The mean HbAlc 
throughout pregnancy was 7.2±0.89fc. The duration of diabetes was 
12.9+6.8y and 45 were primigravidae. There was no relationship betw een 
neonatal blood glucose (checked before the second feed) and HbAlc at 
any point in pregnancy or mean pregnancy HbAlc (R=0.20; p>0.1). 

However, there was a negative correlation between neonatal blood 
glucose and maternal blood glucose during labor (r=-0.25; p<0.005). If 
maternal blood glucose during labor was greater than 9mM, neonatal 
blood glucose was always less than 2.5 mM (mean I.7±0.4mM). There 
was no relationship between mean HbAlc and birthweight (R=0.02; 
p>0.1) nor maximum insulin dose and birthw eight (R=0.09; p>0.J). Fetal 
abdominal circumference measured by ultrasound at 34 weeks correlated 
strongly with birthweight (R=0.72; p<0.001) and abdominal 
circumference over 340mm was a strong predictor of macrosomia (mean 
birthweight 4229+157g). Conclusions: Neonatal hypoglycemia correlates 
with maternal hyperglycemia in labor, not with HbAlc during pregnancy 
in the range of control achieved. Macrosomia does not correlate with 
HbAlc during pregnancy. Fetal abdominal circumference at 34 weeks 
predicts macrosomia and complications at delivery. 
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Short term follow-up in Lombardia: preliminary results of the GDM-2000 study 
N. Dozio. G. Calori, M. T. Castiglioni, M. Bonomo, D. Balestreri and the GDM-2000 
study group* *Busto Arsizio: Lodi G; Como-Va!duce: Orsenigo, Corbella P; Crema: 
Cazzalini C, Sbemini; Garbagnate: Mastropasqua, Lodi: Cellani F; Mi-Niguarda: 
Mion E; Mi-San Raffaele: Poloniato A, Almirante G, Sioli S; Monza: Roncaglia, 
Arrighini; Rho: Bianchi A, Montoli; Sondrio: Rodolfi M, DeLuca ; Varese: Cromi, 
Franzetti I; Vimercate: Gaiani F; Voghera: Rebagliati M. 

Background and Aims: The WHO 1999 report on Diabetes Mellitus and the ADA 
guidelines recommend that women with Gestational Diabetes undergo an OGTT 6-8 
weeks after delivery for a correct reclassification of the metabolic state. Several recent 
reports confirm that compliance of women and of physicians to such 
recommendations is generally low. A prospective multicentric study in the Region of 
Lombardia was designed to define the fraction of women with glucose tolerance 
impairment one year after delivery of pregnancy with GDM. Materials and 
Methods: All women with GDM followed during pregnancy and delivered at each of 
the 13 participating centres and giving their informed consent were enrolled. Data 
were recorded during pregnancy on a data sheet containing 169 items including 
family history for diabetes and personal history of weight, previous and current 
pregnancy. Mode of treatment and delivery and neonatal data w ere registered and the 
women were telephonically contacted to obtain data of post-partum OGTT and one 
year after delivery OGTT. Over 400 data sheets were collected. Results: The short 
term OGTT at 11.3 + 7.9 weeks after delivery in 192 women showed that 2% had 
IFG, 8% had IGT and 4% diabetes. Sixty-two percent were breast feeding at the time 
of OGTT. Women w ith abnormal glucose tolerance at follow-up had more frequently 
first degree relatives with diabetes (58% vs 33%), had more frequently had an 
abortion (39% vs 20%), had higher pre-pregnancy BMI (27.6 + 5.8 vs 24.0 + 4.8), had 
earlier diagnosis (22.4 + 7 vs 27.3 + 5 weeks) with higher plasma glucose at OGTT, 
had more frequently cesarean delivery (61 vs 21%) had higher capillary glucose levels 
after delivery (90.1 + 14.5 vs 80.9 + 13.1 mg/dl), had heavier babies (3391 + 472 vs 
3198 + 446 g). Conclusions: Glucose tolerance at postapanum evaluation is abnormal 
in 14% of w omen with GDM at a mean age of 33 years. Follow-up protocols should 
be established to better define natural history of GDM and implement measures to 
possibly prevent disease progression. 
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Diabetic pregnancy and fetal congenital malformations 

Eua Wender-Oiegowska, Katarzyna Wroblewska, Marek Pietryga, Dorota 
Szymanska, Wojciech Seniuk, Karolina Szymariska, Jerzy Szczapa, Ewa 
Biegariska, Romulad Biczysko, 

Karol Marcinkowski University School of Medical Sciences, Poznan, Poland 

Maternal diabetes induces changes in the metabolism of the fetus and in turn 
causes a number of complications resulting in malformations. The frequency of 
anomalies in fetuses of diabetic pregnant women ranges from 4-9%, in 
comparison with the overal population from 1-2%. The aim of our study is an 
analysis of the prevelance and possible causes of fetal malformations in diabetic 
pregnancies. To determine it, w e follow ed tw o groups of new borns delivered in 
our department by patients with progestational diabetes over the two periods: 
first-1988-93 (N=209) and second-1994-1999 (N= 198) and 4700 infants born to 
healthy mothers in this second period in our hospital ( control group). Among 
newborns delivered in the first of analyzed periods 13 (6,2%) manifested 
congenital malformations, but in the second group 17 (8,58%) (p-NS). In the 
control group the number of malformations w as significantly lower- 3,8% (odds 
ratio 2,26; p<0,05). 

Glycated hemoglobin (HbAIC) level during the first trimester w as not 
significantly higher in women whose infants were malformed. We proved 
however, that when the HbAIC value exceeded considerably the standard 
(>9,3%) the risk of malformations was greater. There was how ever a strong 
correlation between malformations rate (MR) and mean glucose levels in the first 
trimester of pregnancy. The malformations rates w ere significantly higher among 
offsprings of mothers with mean glycemia above 100 mg/dl, than among those 
women in whom this level remains below 100 mg'dl (odds ratio 1,9; p<0,05). The 
MR in White Classes D-H was higher, but not significantly than in classes B-C. 
The most frquent anomalies were as follows: cardiovascular, genitourinary, 
central nervous system and skeletal. 

Conclusion: Our results confirm that diabetic pregnancy despite the better 
metabolic control still induces alterations in fetal development, but especially in 
the group of patients with tendencies to very hesitant glucose levels. 
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EFFECT OF SOCIAL STRESS AND GESTATIONAL INSULIN 
DEFICIENCY ON GLUCOSE HOMEOSTASIS IN MALE OFFSPRING 
N.Krasova 3 , V.Poltorak 3 , Z.Leshchenko 8 , L.Sergienko® and A.Zagay- 
ko b . “Institute of Endocrine Pathology Problems, b Kharkiv National 
University, Kharkiv, Ukraine. 

Background and Aims: We have previously shown that maternal so¬ 
cial stress (MSS) enhanced gestational insulin deficiency (GID)- 
induced glucose intolerance in Wistar rats male offspring (Fi) at pu¬ 
berty. The study was conducted to evaluate the impact of stress and 
gestational insulin deficiency on glucose homeostasis in male F[ at the 
sex-maturity period. Materials and Methods: For MSS creation rats 
were transferred daily from one association to another within 2 nd -8 th 
day of pregnancy, GID was rendered by a single streptozotocin injec¬ 
tion (45 mg/kg b.w., i.p.) on the second day of pregnancy. The mater¬ 
nal cohort consisted of 50 pregnant rats exposed to MSS, GID, 
MSS+GID and controls (C). An i.p. GTT (3g/kg b.w.) was performed 
in male Fi (n=32) at 90 days of age. Liver glycogen (Gl) contents, glu- 
cose-6-phosphatase (G-6-Ph) activity and fasting plasma NEFA levels 
were measured in Fi by spectrophotometry. Results: Decrease in Gl 
contents observed in GID Fj was more pronounced in MSS+GID Fi: 
26.0+1.7 vs 15.6±1.1 mg glucose/kg, respectively (p<0.001), in com¬ 
parison with 45.7±2.0 mg glucose/kg in CF| (p<0.001). Plasma glucose 
(AUC/2h over GTT), NEFA levels and liver G-6-Ph activity in the 
MSS+GID Fi were increased by 10.4, 22.4 and 22.2 % respectively 
(p<0.01), compared to the GID Fi and by 141.3, 89.2 and 102.6 % re¬ 
spectively (p<0.001), compared to the CF|. Conclusions: Thus, mater¬ 
nal social stress strengthened glucose homeostasis disturbances in¬ 
duced gestational insulin deficiency in first generation rats male off¬ 
spring at the sex-maturity period. 
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Without confounding factors, birthweight remains a strong determinant of 

metabolism even in prematurity 

I.P. Gray, NJ Crowther, B Core)*, P Cooper, M Toman 

University of the Witwatersrand, South Africa. 

Background and Aims: The relationship between birthweight and disease in later life is 
well-established, although studies which repudiate this relationship still appear. In South 
a&ica not only is low birthweight common, but hypertension, obesity and diabetes are on 
the increase. In addition premature birth is also common. This study aimed to establish the 
relationship of the thrifty phenotype with prematurity, but also to start unravelling 
considerations for the design of interventions. 

Materials and Methods: We studied 85 infants (46 girls and 39 boys) between the 1st and 
60th day of life (median 17 days).Each individual was given a standardised milk feed 
(21ml/kg NanS) after a 4 hour fast Blood was taken using a heelprick at fasting and 60 
minutes after the feed. Each child was measured at birth and at the time of the tolerance 
test: parameters were weight, length, head circumference, triceps and subscapular skinfold 
thickness, and crown-rump and sacrum-heel lengths. The ponderal index was calculated at 
both study times. 

Results: Birthweight and weight at time of the meal tolerance correlated negatively with 
the glucose at 60 minutes (r=-0.34, p=0.002 and r=-0.33, p=0.005). Weight at the time of 
the tolerance test correlated with the fasting insulin (r=-0.35, p=0.001). Sacrum-hecI 
length at birth correlated negatively with 60 minute glucose (r=-0.37, p=0.01). Birthw eight 
w as the strongest determinant of the glucose concentration. Weight velocity correlated 
negatively with birthweight (r=-0.55, p<0.005) and HOMA (r =-0.32, p 0.01), 
independent of one another The lowest birthweight children had the highest weight 
velocity and/or the greatest insulin sensitivity (lowest weight velocity quartile vs highest 
quartile: 0.16kg/day vs 0.007 kg/day pO.OOOl. HOMA, lowest quartile vs highest: 0.23 vs 
0.94, pO.OOOl). A proxy measure of “brain sparing”, head circumference: birthweight, 
correlated with insulin sensitivity (r=0.76, pO.05). 

Conclusions: These data show a clear relationship between birthweight and glucose 
tolerance. In addition insulin sensitivity' is a strong determinant of the neonatal response to 
low birthweight Whilst this suggests that intervention at this stage is possible, one must 
take the other possible consequences into consideration. For example,in a separate study 
of children aged seven years, we showed that growth velocity beyond that predicted by the 
birth percentile had a detrimental effect upon glucose tolerance. Thus intervention needs to 
be planned with care lest the treatment outweighs the effect of low birthw eight 
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INSULIN RESISTANCE DEVELOPMENT IN OFFSPRING OF 
STRESSED GESTATIONAL DIABETIC RATS 
Z. Leshchenko, V.Poltorak, N.Krasova and L.Sergienko. Institute of En¬ 
docrine Pathology Problems, Kharkiv, Ukraine. 

Background and Aims: It was revealed insulin resistance in adult off¬ 
spring (F|) of pregnant streptozotocin diabetic rats. The efTect of gesta¬ 
tional diabetic mothers stressing on insulin sensitivity in Fi is still un¬ 
known. The aim of the study was to investigate the impact of maternal so¬ 
cial stress (MSS) against the background of gestational diabetes (GD) on 
insulin resistance and beta-cell function in rats male F] at puberty. Mate¬ 
rials and Methods: For MSS creation rats were transferred daily from 
one association to another one within 2" d -8 th day of pregnancy, GD was 
rendered by streptozotocin injection (45 mg/kg b.w., i.p.) on the 2 nd day of 
pregnancy. The maternal cohort (n=25) was divided into 4 groups exposed 
to MSS, GD, MSS+GD and controls (C). An i.p.GTT (3 g/kg b.w.) was 
performed in Fi (n=32) at 45 days of age. Fasting plasma samples were 
analyzed for NEFA by colorymetry and insulin by R1A. Homeostasis Mo¬ 
del Assessment (HOMA) was used to estimate beta-cell function (BCF) 
and insulin resistance (1R). Results: Plasma glucose, IR1 and NEFA levels 
in MSS+GD Fi were increased in comparison with GD F] (AUC/2h over 
GTT: 1118.4115 vs 933±21 mmol F 1 ; IR1: 300.0+4.3 vs 230.3+4.3 pmol/l; 
NEFA: 820+51 vs 650±47 pmol/l, respectively, p<0.05) and CFi 
(AUC/2h over GTT: 716±11 mmol-1' 1 ; IRI: 71.4±4.0 pmol/l; NEFA: 
370161 nmol/1, respectively, pcO.OOl). HOMA-IR and HOMA-BCF indi¬ 
ces were enhanced in both GD Fj and MSS+GD Fi compared to CFi, but 
more pronounced in MSS+GD F| (IR: 7.910.3 and 9.7+0.39 vs 2,410.09 
in CFi, respectively, pcO.OOl; BCF: 511.4+46.7 and 914.21168.8 vs 
392.3173.9 in CFj, respectively, p<0.05). Conclusions: The maternal so¬ 
cial stress heightened GD-induced insulin resistance and strengthened 
beta-cell function in the first generation rats male offspring at puberty. 
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PREDICTORS FOR NEONATAL HYPOGLYCEMIA IN 
LARGE -FOR-GESTATIONAL-AGE NEWBORNS 
UM Schaefer-Graf, A Wilke, SL Kjos, F Jochum, JW Dudenhausen 
Department of Obstetrics and Neonatoloy, Charite, Berlin, Germany 
Background and Aim: Testing for neonatal hypoglycemia is recommended 
for large-for-gestational-age newborns (LGA). We investigated the rate and 
timing of hypoglycemia in LG A newborns and whether any maternal or 
neonatal parameters were predictive. Materials_and Methods: In a 
retrospective study of 1094 LG A newborns (birth weight > 90th percentile) 
maternal parameters (age, parity or BMI; history of macrosomia, stillbirth or 
gestational diabetes (GDM); current GDM (n=148), C-section and gestational 
age (GA) at delivery) and neonatal parameters (Apgar/5 min , cord ph, ratio 
of head/abdominal circumference, rate of neonatal BMI or Ponderal Index > 
90th or LGA > 95th percentile) were correlated with the rate of neonatal 
hypoglycemia, defined as capillary glucose < 30mg/dl. Glucose testing was 
performed at 1 hour of life (II) with subsequent evaluations based on clinical 
findings. Deliveries before 34 weeks ofGA were excluded. Stepwise regression 
and ROC analysis was used to evaluate predictors. Results: Hypoglycemia 
within the first 24 hrs occurred in 16.3% (178), intravenous (IV) glucose was 
required in 12 % of these (21/178). 70.8% of the cases were diagnosed at the 
1H, 7.8% at 2H, 2.8% at 3H, 3.9 % at 4H and 14.6 % in the remaining 20 H. 
IV-glucose was required less frequently with 1H hypoglycemia versus later 
(8.7 vs 19.2%, p= 0.04). GA at delivery was the only predictor (p= 0.002) 
with the threshold for prediction at 39 weeks (48.7 vs 33.8% for <39 
compared to >39 , pO.OOOl). In a subgroup analysis of 306 women with 
antenatal oGTT performed the 1 hr post challenge glucose value was the 
only predictor (p< 0.0001). The best cut offs were 120 mg% (0% vs 15.9% 
fur < 120 compared to > 120, p= 0.005) and 200 mg% (10.0 % vs 26.8% for 
< 200 compared to > 200, p= 0.0004). Conclusion: Routinely postnatal 
testing of LGA new boms appears to be indicated with a 16% prevalence of 
neonatal hypoglycemia. No clinically useful maternal or neonatal predictors 
for hypoglycemia were identifiable unless antenatal oGTT testing was 
performed. The 1H oGTT value was useful to discriminate between newborns 
at minimal, intermediate and high risk for hypoglycemia. 
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GLUCOSE INTOLERANCE IN OFFSPRLNG OF DIABETIC MICE 
A. Buckley, K. Rooney, J. Phuyal, J. Bryson, I. Caterson and C. Thompson. 
Human Nutrition Unit, The University of Sydney, Australia. 

Background and Aims: Fetal environment and genetic influences may predict 
health in adult life. The aim of this study was to investigate the effects of maternal 
hyperglycaemia and hyperinsulinaemia on the glucose tolerance of offspring 
independent of their genetic susceptibility to diabetes. Materials and Methods: 56 
CBA/T6 mice (28 females) were injected with either goldthioglucose (GTG) 
(0.5mg/g body weight) or saline (CON)- 6 weeks post-injection, mice were 
subjected to an oral glucose tolerance test (OGTT, 50% glucose, 3g/kg). 4 breeding 
groups (each of 7 pairs of the 4 possible combinations) were set up 1 week later. At 
12 weeks of age the offspring of these matings were weighed and subjected to an 
OGTT. Results: No offspring resulted from any breeding pairs that included GTG 
males. The CON breeding pairs produced 3 litters (9 female, 7 male) and the GTG 
female/CON male breeding pairs produced 1 litter (7 female, 2 male). Prior to 
breeding, every GTG female was significantly heavier and more glucose intolerant 
than the CON females (>2 SD's above mean). 12 week old female offspring of GTG 
mothers had significantly higher body weights than the female offspring of CON 
mothers (19.5g ± 0.4 cf 18.0g i 0.4, p = 0.01). The body weights of the male 
offspring were similar (22.5g ± 2.6 cf 22.3g ± 0.5, p = 0.94). The glucose tolerance 
of the female offspring from GTG mothers was impaired compared to those from the 
CON mothers (Total AUC = l070mM.min ± 52 cf 662mM.min ± 112, p = 0.01, 
Figure 1), and no difference was seen in the male offspring (Total AUC = 
875mM.min ± 70 cf 741mM.min ± 65, p = 0.25). Conclusions: Independent of 
genetic diabetic susceptibility, fetal environment did predispose the female offspring 
of overweight, diabeu'c mice to gain more weight and develop glucose intolerance. 



Correlation between low birth w eight and obesity/overw eight in the adult age. 

R. Anichini, G. Seghieri, A De Beilis, C. Nardo, G Fabbri, G. Petrini, R. Malagoli, C. 
Breschi and L. Alviggi. Dept of Internal Medicine and Diabetes Unit, Presidio 
Ospedaliero, Pistoia, Italy 

Background and Aims: Clinical correlates of metabolic syndrome (MS) such as 
obesity, impaired glucose tolerance, hypertension or dyslipidaemia are singularly or 
globally related to a small birth weight in agnement with the hypothesis ofthrifty 
phenotype’. Since there are, however, conflicting data about the entity of such 
relationship, this study was conceived to evaluated in our population the grade of 
association of birth weight with entity of overweight and co-presence of one or more 
correlates of MS in adulte age. 

Materials and Methods: We measured fasting plasma glucose, triglycerides and 
blood pressure in 357 overweight-obese outpatients (163M/194F) with BMJ >25 
kg/m2 who consecutively came to our observation and whose birth weight and at age 
of 18 years were precisely known, being this group compared with 42 normal-weight 
age and sex matched controls. MS was scred as 0: (MS-0) if at the time plasma 
glucose was < 6 mmol/1, systolic blood pressure w'as <140 mmllg or was diastolic 
<90mmHg, and triglycerides were <1.92mmol/I; scored asl: (MS-1) or 2 (MS-2) if 
one or respectively two of more above mentioned aspects w ere present. 

Results: No difference in mean birth weight value was observed in the overweight 
group (BMI between 25 and 30 kg/m2, n=178, 3682+/-740 (SD) gr) as compared to 
the obese group (BMI >30 kg/m2, n=179, 3656+/-816 gr) or to normai-w'eight 
controls (n=42; 3602+/-642 g; p=ns after ANOVA). Birth weight was significantly 
lower in MS-2 patients (n=6; 2S83+/-1686 gr) as compared to MS-0 (n=208, 3670+/- 
774 gr) and MS-1 patients (n= 143; 3712+/-879 gr; p<0.05, after ANOVA),being the 
odds ratio of having a full-blown MS in those with a birth weight <2500 gr=7.8 
(095% 2.25-27.04) after adjusting for age and sex (p=0.0l) Finally birth weight was 
unrelated to BMI, blood pressure, and plasma lipids, resulting weakly related with 
BMI at 18 years (n=O.I3; p>0.05) 

Conclusions: according to the present results a):obesity seems to be’per se’ unrelated 
to a small birth weight, b)obesity or overweight are associated with a small birth 
weight only in copresence of at lest two correlates of MS (impaired glucose tolerance, 
hypertension or dyslipidaemia). 
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Current Weight, not Birth Weight of *Catch-up* Weight, Accounts for Insulin 
Resistance in Healthy Five-Year-Olds 

TJ Wilkin, L D Voss, A R Jeffery, S M Howdle, B S Metcalf and M M Murphy. 
Peninsula Medical School, Plymouth Campus, United Kingdom. 

Background and Aims: The Tetal Origins* hypothesis is predicated on well- 
established associations between low birthweight (BW), insulin resistance (IR) and 
metabolic disturbances later in life. Gestational quality, however, has greatly 
improved since the original Barker studies. Furthermore, BW correlates as much with 
post-natal as wjth pre-natal size, so that W achieved at 5 years may be as important a 
risk factor for IR as poor gestation. The objective is to establish the relative 
contributions of current W, W ’catch-up* (centile-crossing) and BW to metabolic 
status at 5 years of age. 

Materials and Methods: EarlyBird is a prospective cohort study of 300 healthy 
school entrants. Data on baseline anthropometry and IR by homeostasis model 
assessment (HOMA) are presented here from the first 100 recruits (mean age 4.8 
years), and BWs from 2017 contemporary births of 1995 to quantify low BW 
frequency. 

Results: Only 2.5% of the 217 births were of low BW (<2500g) at term. There was 
no correlation between IR at 5y and BW in the study cohort (r=0.07). IR & current W 
correlated (r=0.41, p<0.001) as did IR &. W 'catch-up* (number of W SDS crossed) at 
age 5y (r=0.31, p<0.05), though only in girls. However, W 'catch-up* did not improve 
on (ie co-correlated w ith ) current W in the prediction of IR. Most importantly, IR 
was the same in children of lighter BW who experienced 'catch-up* as in those of 
heavier BW matched for current W at 5y, whose W SDS had not changed. IR, even at 
5y but again only in girls, correlated with glucose and LDL cholesterol. 

Contusions: 1) Low BW at term is now rare in the UK and probably irrelevant to IR 
(Barker's studies were based on low BW frequencies reaching 10% in the pre-war UK 
cohorts). 2) IR in the contemporary 5-year-old is unrelated to BW, and is best 
predicted by current W. 3) Centile-crossing appears to be more a phenomenon of 
excess weight-gain than one of physiological 'catch-up*. 4) 'Catch-up* W does not add 
to current W in the prediction of IR. 5) The implication that the IR-related metabolic 
disturbances already present at 5y are (avoidably) related to the early overfeeding of 
healthy infants will be of importance to public health policy-makers in modifying 
nutritional behaviours. 
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THE PHENOTYPE EXPRESSION IN WOMEN WITH DIABETES 
MELLITUS WITH OR WITHOUT FETAL MACROSOMIA 

I. Filip 1, A. Dial, G. Constantincsul, E. Titan2, R. Lichiardopol3, C. Gujal, C. 
Ioncscu-Tirgovistcl. I-Clinic of Diabetes, Institute "N. Paulescu" 2-Acadcmy of 
Economic Studies; 3-CIinic of Diabetes, Hospital "N Malaxa" - Bucharest, Romania 

Background and Aims: Fetal macrosomia is a well-known risk factor for diabetes. 
The aim of this study was to establish if there arc any phenotypic differences betw een 
diabetic w omen w ho gave birth to macrosom or nonnosom children. 

Materials and Methods: The study cohort comprised 560 diabetic women divided 
into two groups: Group I: 279 women with macrosomic births (birth weight M000 g) 
- 35 T1DM/244 T2DM, mean age 58.1+10.8 )T. and Group II: 281 women with 
nonnosom births - 40 T1DM/241 T2DM, mean age 58.9+11,5 yr. We made a 
retrospective anal) sis of the clinical and metabolic characteristics of the tw o groups. 
For statistical analysis wc used c2 and Student’s t tests. 

Results: We found significant differences between the two groups for the following 
parameters: age at diabetes onset (48.4+13.2 )T. for Group I; 51.4+12.3 yr. for Group 

II, p=0.01); maternal liistory of diabetes (%) (57.5+24.4 vs. 76.&+17.8, p=0.0001), 
prevalence of oral agent treatment (%) (48.7+25 vs. 6.4+6, p=0.0001); BMI (29.7+5.3 
vs. 28.7+4.7, p=0.05); waist circumference (cm) (104+13.5 vs. 97.4+9.2, p=0.0001); 
HbAIc (11+2.4% vs. 10.3+2.6%, p=0.002); total cholesterol (mg/dl) (229.6+37.6 vs. 
215.6+72.1, p=0.0001); HDL Choi. (59.5+6.3 vs. 37.6+7, p=0.0001); LDL Choi. 
(139.5+27.7 vs. 149.6+46.5, p=0.0I); triglycerides (mg/dl) (153.2+17.8 vs. 
141.3+90.4, p=0.05); albumin excretion rate (mg/24h) (63.7+61.2 vs. 25.7+16.4, 
p=0.0001); diabetic nephropathy prevalence (%) (13.75+11.86 vs. 6.4+6, p-0.01); 
prevalence of artcriopathy (%) (25+18.7 vs. 6.4+6, p=0.0001). 

Conclusions: The phenotype characteristics of w omen with diabetes w ho gave birth 
to macrosom children are: a low er age at onset of the diabetes and the presence of the 
main features of insulin resistance syndrome suggesting that this is the main 
underlining pathologic mechanism of fetal macrosomy in diabetic women. 
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A Surv ey on Contraception in a Cohort of Italian Diabetic Women. 

Napoli*, AColatrella*, R.Botta+, G. Di Cianni , F.Fallucca*, D. Fedele\ R.Fresa§, 
S-Gamba 2 , S-Italia*, D.ManninoO, I.Piva □, C.Suraci*, L-TonuttiO, E.Torlone€, 
C.Tortul«, A. LapoIla A . 

Italian Diabetic Pregnancy Study Group (S.I.D.): Roma*, Palermo*, Pisa , Napoli§, 
Torino 2 , Siracusa*, Reggio CalabriaO, ViccnzaD, UdineO, Perugia€, Monfalcone 
(Trieste) «, Padova A . 

In the space of one year (from 1999 to 2000), a survey on contraception and obstetrical history 
was performed on a cohort of fertile diabetic women. 

Methods: we distributed an anonymous questionnaire to 667 Caucasian diabetic women (466 
IDDM and 201 NIDDM, c2=0.0001) attending 13 diabetes centres located throughout the 
national territory. Patients’ characteristic! age 34.75*8.9>t (range 17-52 yr) (IDDM 32.09*7.6 
vs NIDDM 42.01*8.5, ANOVA p-0.0001), BMI 24.9±5.1(IDDM 23.19±3.7 vs NIDDM 
29.3*5.7, ANOVA p-0.0001), diabetes duration 12.41* 8.85 yr (IDDM 14.1*9 vs NIDDM 
7.5±5.8, ANOVA p=0.0001) Each centre was asked to contribute to the study, w ith at least 50 
questionnaires; as a result 37.03% of surveys were gathered in the north, 36.43% in the centre 
and 26.43% in the South of Italy. 

Results 96.85% of our population had their first sexual intercourse at the age of 19.68*3.16. 
Contraception: 30.35% of these women used hormonal contraceptives, 11.99% IUD, 9.59% 
declared they used no contraception, 48.2% only utilised barrier and/or natural methods. 
However, irrespective of their previous contraceptive strategy (pill, IUD, barrier, natural), 
8.84% of all the studied population was surgically sterilized during a caesarean section. Pattern 
of contraceptive practice: 54.2% of the women chose their contraceptive practice autonomously 
and/or with their partners, 33.9% received their advice from gynaecologist, 4.4% from 
diabctologist, 7.1% from both the specialists, 0.4 % from G.P. or others. Among those who 
chose a hormonal contraception, 60.4% were prescribed by a gynaecologist, 11.2% by a 
diabctologist, 15% by both of them, 13.4% by others. Diabetes treatment: 29.95% of insulin 
treated women and 27.61% of women treated with diet and/or oral hypoglycacmic agents used 
O.C. Smoking habits: 26.98 of women taking hormonal contraception were smokers. 
Educational level: 36.62% (26/71)gradualcd, 32.42%<95/293) high school, 28.37%(59/208) 
secondary school, 15.5% (7/45) primary school used O.C. Obstetrical History: The average of 
deliveries was 1.14*1.1 (LC. t95%*l. 1-1.2), of miscarriages was 1.3*0.7 (I.C. t95%= 1.2-1.4) 
and of induced abortions was 1.2*0.5 (I.C. t95%= 1.1*1.2). Planning of at least one pregnancy, 
was reported in 29.8% patients. 

Conclusion: future w ork needs to increase the role of diabctologist in educating fertile diabetic 
women about contraception and pre-pregnancy* counselling 
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THE EFFECT OF BODY MASS INDEX ON HbAlc LEVELS IN NORMAL 
AND GESTATIONAL DIABETIC PREGNANT WOMEN 

E. Anastasiou, E. Souvatzoglou, M. AJevizaki, E. Loukari, G. Philippou, and A. 
Souvatzoglou. 

1st Endocr. Section - Diabetes Center, Alexandra Hospital, Athens GR. 

Background and Aims: There are no sufficient data regarding the effect of the BMI 
of women before pregnancy on the HbAlc levels during normal and gestational 
diabetic (GDM) pregnancy. This study assesses HbAlc levels according to 
prepregnancy BMI and trimester (tr) in normal and GDM pregnancy. Materials and 
Methods: In accordance with ADA-2000 criteria, 2249 were Normal (N) (1st tr 
n=105, 2nd tr n=1140, 3rd tr n=1004) and 1079 were diagnosed as GDM. From the 
GDM group 656 women were treated with diet only (GDM-D) (2nd tr n=283, 3rd tr 
n=373) and the remaining were treated with insulin as well (GDM-I) (2nd tr n=235, 
3rd tr n=188). All pregnant women were divided in three subgroups according to 
prepregnancy weight: (i) Normal weight group (BMI1) 18.5-24.9kg/m2, n=1829, (ii) 
Overweight (BMI2) 25.0-29.9, n=834; (iii) Obese (BMI3) >30, n=515. In all pregnant 
women HbAlc levels were measured (HPLC-Menarini) at the time the OGTT was 
performed. Results: The HbAlc (%) levels per diagnosis, trimester and BMI 
subgroup were: N: 1st tr BMI1: 4.1*0.4, B\H2: 4.1*0.4, BMI3: 4.2±0.3, 2nd tr 
BMI1: 3.8* 0.4, BMI2: 4 0*0.4, BMI3: 4.1±0.4, 3rd tr BMI1: 4.0*0 4, BM12: 
4.1*0.4, BMI3: 4.2±0.4, GDM-D: 2nd tr BMI1: 3.9±0.4, BMI2: 4.1*0 4, BMI3: 
4 2*0.4,3rd tr BMI1: 4 2*0.5, BM12: 4 3*0.4, BM13: 4.5*0.5, GDM-I: 2nd tr BMI1: 
4.4*0 7, BMI2:4.4*0.6, BM13: 4 6*0.6,3rd tr BMI1: 4 6*0.7, BM12: 4.9*0 8, BMI3: 
4.9*0 6. HbAlc levels were significantly higher (p<0,001) GDM-I compared with N 
and GDM-D as well as GDM-D compared with N (p<0,05) in all respective BMI 
subgroups in the 2nd and 3rd tr. In N, GDM-D, GDM-I groups HbAlc levels were 
significantly higher (p<0,001) in the 3rd tr compared to the 2nd in all BMI subgroups 
Finally, in all categories HbAlc levels were significantly higher in the BMI3 
subgroup in the 2nd tr and 3rd tr (p<0,001) compared to BMI1. Conclusions: At the 
time of diagnosis GDM women, and especially the insulin treated group, had 
significantly increased HbAlc levels. Obese pregnant women irrespectively of 
glucose tolerance had significantly higher HbAlc levels. Hence, the optimal HbAlc 
targets for women with pre-gestational and gestational DM have to be defined 
according to prepregnancy BMI and trimester of pregnancy. 
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ELEVATED HAEMOGLOBIN A1C IN THE THIRD TRIMESTER IS 
RELATED TO PRETERM DELIVERY IN TYPE I DIABETIC WOMEN. 

P. Ekbom, P. Damm, B. Feldl-Rasmusscn, U. Feldt-Rasmussen and E. R Mathiescn. 
Obstetric Clinic and Dept, of Nephrology and Endocrinology, The National Univer¬ 
sity Hospital (Rigshospitalct), Copenhagen and Stcno Diabetes Center, Gentofte, 
Denmark. 

Background and Aims: High HbAlc in early pregnancy and elevated urinaiy albu¬ 
min excretion (UAE) >30 mg/24 h have been associated with preterm delivery in 
type 1 diabetes. How ever, the influence of metabolic control during pregnancy* on the 
increased risk of preterm delivery is not well described. The aim was to investigate 
the importance of HbAlc at 28 weeks of gestation in relation to HbAlc in early 
pregnancy as a predictor of preterm delivery in women with type 1 diabetes. Materi¬ 
als and Methods: A prospective study including 213 consecutive pregnant women 
with type 1 diabetes and normal UAE. Miscarriages (<22 weeks of gestation), twin 
deliveries and pregnancies beyond first delivery in the inclusion period were ex¬ 
cluded. HbAlc (normal range 4.1-6.4%) at 10 and 28 weeks of gestation were used 
for analy sis. Pre-eclampsia was defined as development of BP >140/90 accompanied 
by proteinuria >300 mg/24h later than 20 weeks. Preterm delivery was defined as 
delivery before 37 completed weeks. Results: Seventy women (33%) delivered pre- 
term and 143 at term. The 2 groups were comparable regarding age, BMI, duration 
of diabetes, retinopathy, BP, and parity. HbAlc at 10 weeks was 7.3(1.0) vs. 
6.9(0.9)% (p<0.01) and at 28 weeks 6.7(0.8) vs. 6.1(0.7)% (p<0.001) and develop¬ 
ment of prc-eclampsia occurred in 11% vs. 3% (p<0.05). Using multivariate logistic 
regression analysis (after testing for linearity) HbAlc at 28 weeks was the only inde¬ 
pendent variable associated with preterm delivery (p>0.001). The odds ratio pr. 1% 
increment in HbAlc at 28 weeks was 3.1 (Cl 2.0-4.9). Conclusions: HbAlc at 28 
weeks is the best predictor of preterm delivery in women with type 1 diabetes and 
normal UAE. 
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LONGER GESTATION PERIOD AND BETTER GLYCEMIC CONTROL 
WITH INSULIN LISPRO TREATED PREGNANCIES IN TYPE 1 DIABETES 
K. Garg, S. Anil, P. Gottlieb, T. MacKenzie, and \V. Jackson, Denver, CO. 

Background and Aims: To determine the safety and efficacy of insulin lispro during 
pregnancy. 

Materials and Methods: All women with type 1 diabetes w ere followed during their 
pregnancy* at the Barbara Davis Center for Childhood Diabetes, University of 
Colorado Health Sciences Center. Care was delivered by a multidisciplinary team 
that included endocrinologists, nurse educators, nutritionists, and social workers. 
Subjects received either insulin lispro (LP) or regular human insulin (R) as a short 
acting insulin. Ultra Lente or NPH were the basal insulin received. Ninety-five 
pregnancies (33 using R and 62 using LP) were closely followed for diabetes care 
parameters, progression of diabetic retinopathy and albumin excretion rates (AER), 
development of toxemia of pregnancy* and fetal outcome (especially for birth w eight, 
length of gestation and the need for caesarian sections). 

Results: Mean age and duration of diabetes in the two treatment groups were similar. 
Mean glycosylated hemoglobin values were significantly lower throughout pregnancy* 
in the insulin lispro treated subjects when compared with the R treated group (7.0% 
vs. 8.6% around conception, 6.0% vs. 7.3% at 20 weeks, and 5.9% vs. 7.3% at the end 
of the pregnancy). Fetal birth weight when controlled for gestational age was not 
significantly different in the LP group when compared with the R treated group. 
However, the LP treated pregnancies had a significantly longer gestational period 
(36.9+/-0.2 vs. 35.6+/-0.5 wks, p<0.04, t-test). The number of severe hypoglycemic 
episodes was significantly lower during the LP treated pregnancies (0.56+/-0.16 vs. 
1.55+/-0.38 cpisodes/patient, p-0.02, t-test). Mean eye grades before and after 
delivery w ere better for the LP treated group. 

Conclusion: We conclude that better glyccmic control can be aelueved with 
significantly less hypoglycemia, and the gestational age is significantly longer in 
insulin lispro treated pregnancies. 
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Abnormal glucose challenge test predicts fetal macrosomia in normotolerant 
pregnant women 

I. Casadidio, L. Volpe, M.Lorenzetti, C. Lencioni, L. Marselli, A. Boldrini, G. Teti*, 
S. Del Prato, G. Di Cianni. Department of Endocrinology and Metabolism, 
♦Department Obstetrics Gynecology, Neonatology Unit Care, University of Pisa, 
Pisa - Italy 

Background and Aims: In infant of women with Gestational Diabetes Mellitus (GDM), fetal 
overgrowth is thought occur because of fetal hypcrinsulincmia due to an excess supply of 
nutrients such as glucose. Whether the fetal macrosomia is present also in infants of mothers 
with abnormal oral glucose challange test (GCT) in absense of GDM is not clear. Aim of this 
study is to evaluete matcmal-nconatal morbidity in pregnant women with an abnormal 50-g 1- 
hr Glucose Challange Test (GCT) and a normal 100-g, 3-hr OGTT, who are not considered to 
have GDM. 

Materials and Methods: This study retrospectively cvaluclcs the neonatal and maternal 
outcome in normotolerant pregnants with abnormal GCT (GCT+). The results w ere compared 
with a group of 491 women (CON), w ith normal GCT, matched for age, parity, family history 
of diabetes, preprcgnancy body w eight and BMI, pregnancy w eight gain and gestational week 
at screening test 

Results: Screening for Gestational Diabetes with a Glucose Challenge Test (GCT-50 g.) was 
performed in 3159 women: 1089 (36,4%) had abnormal GCT (1 hr plasma gluocosc =140 
mg/dl) and 622 (19,6%) had normal glucose tolerance after three-hour glucose tolerance test. 
The relationship between GCT and birth weight was then assessed in 365 women out of the 
latter 622 women (GCT+). Their main clinical features were: 32±4.6 s ears old, primiparous 
52.3%, prepregnancy weight 60.1 ±5.7 kg, BMI 22.5±3.8 Kg/m2 , weight gain 8.1 ±5.4 Kg.. 
CGT+ showed an higher incidence of macrosomia (10.2% vs 9.1%; p< 0.0001) and Large for 
Gestational Age (LGA: 18.4% vs 14.8; p< 0.0001). The incidence of Cascarcan Sections as 
well was higher in GCT+ (25.7% vs 24.1%; p<0.0001). In GCT+, birth weight eon-elated w ith 
prepregnancy weight (r=0.22; p<0.0001), maternal weight gain (r=0.I5; p<0.001) and plasma 
glucose values observed at fasting (r=0.13, p<0.01), after GCT (r=0.!4; p<0.03) and GCT 
increment above basiline (1=0.16; p<0.03). On multivariate analysis only prepregnancy weight 
and maternal weight gain remained significantly associated with birth weight (r2 0.77). 
Conclusion :wc confirm that Caucasian women with an abnormal GCT but normal 100-g 
OGTT, i.e. non diagnostic Gestational Diabetes, have an increased incidence of macrosomia. 
Preprcgnancy w eight and w eight gain are determinant of the risk of macrosomia in women with 
non diagnostic test for Gestational Diabetes 
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Characteristic features of the metabolic syndrome in w omen with prior GDM: 
Circulating leptin concentrations during oGTT. 

Gy. Tamas, A.Gy. Tabak, E. Madarasz, G. Speer, G. Bek5, J. Nagy-Szabo, P. Lakatos 
and Zs. Kerenyi. Natl. Centre Diab. Care, 1st Dept. Med. Semmelweis Univ, Med. 
Faculty, 4th Dept. Med., Szent Imre Hosp., Budapest, Hungary 

Background and Aims: Gestational diabetes (GDM) is known to be a predictor or an early 
manifestation of the metabolic insulin resistance syndrome. Our aim w as to study the clinical 
and laboratory constituents of this syndrome and their relationship with circulating leptin 
during an oGTT in women with prior GDM. 

Materials and Methods: BMI, waist-to-hip ratio (W/H), blood pressure, PAI 1, fibrinogen, 
HbAlc, lipoprotein lipids (total-, HDL- and LDL-choIcstcrol, triglycerides) and uric acid were 
measured in 54 women with prior GDM at a follow-up investigation 3.4±0.4 (±SDJ yrs after 
delivery. Their mean age was: 35.8±5.7 yrs; BMI: 27.8±7.1 kg/m2; 25 of them w ere on insulin 
during index pregnancy, and 25 had GI (DM or IGT or IFG) at reclassification (WHO criteria). 
Blood glucose (BG), immunoreactivc insulin (IRJ; RIA), C-peptidc (CP; RJA) and leptin (RJA, 
normal values in women: <11.1 ng/1) concentrations in the fasting stale and during a 75 g 
oGTT were also determined. A metabolic score (1 to 3; higher values at the pathological end) 
using tcrtilcs of W/H, systolic blood pressure, PAI 1, fibrinogen, HbAlc, uric acid, HDL- 
cholcstcrol and fasting 1RI was calculated. For statistical analysis different correlation methods 
and multiple logistic regression were used. 

Results: An elevated fasting leptin level (I8.9±12 vs. 15.0±9.5), and a slight, but non¬ 
significant increase of the 120min leptin level (22.7± 15.4 vs. 16.9±9.6) in the GI group 
compared to mctabolically healthy women was observed during the 180min oGTT. The 
analysed fasting, 90min and 120min leptin were significantly higher in patients with a 
metabolic score above 2 (n=24; P<0.005). These leptin values were also associated with BMI 
(P<0.001), W/H (PO.Ol), HDL-cholcstcrol (P<0.05), HbAlc (P<0.05), fasting and 120min IRI 
(<0.05), and gamma-glutamyl transferase values (PO.Ol). Using multivariate analysis the 
independent covariates of the different leptin levels were: W/H and PAI 1 for fasting leptin, 
HDL-cholcstcrol and 120min IRI for 90min leptin, and W/H and 120min IRI for 120min leptin. 
Other variables available for the model w ere: fibrinogen, fasting IRI, and HbA 1c. 

Conclusions: The associations found suggest that circulating leptin may have a role in the 
metabolic syndrome in women with prior GDM. 120min IRI might be a factor or a marker in 
the development of the insulin resistance syndrome, determining also changes in circulating 
leptin during oGTT. 
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THE EFFECT OF MICRO- AND MACROALBUMINURIA ON THE COURSE 
OF PREGNANCY AND PERINATAL OUTCOME. 

N. Asatiani,R.Kurashvili,M.NatsvIishvili,M.Dundua,E.Shelestova,T.Chanturia,M.Hod 
* and RItameri**. Georgian Diabetes Center, Tbilisi; *Dep.of Obstetrics and 
Gynecology, Rabin Medical Center, Tel-Aviv, Israel, **Novo Nordisk A|S, Denmark. 
Background and Aims: To study the effect of micro- and macroalbuminuria on the 
course of pregnancy and perinatal outcome. Materials and Methods: Sixty-six 
women with pregestational diabetes mellitus (Type 1) were enrolled to the study. 
Strict metabolic control and fetal surveillance were performed. Pre-pregnancy 
microalbuminuria w-as detected in 10 women (urinary albumin excretion (UAE) < 
300mg\24h), their number increased to 14 (1st trimester -tr), and then to 18 (27.2%) 
by term. Those patients comprised Gr.l.Prior to conception macroalbuminuria was 
observed in 4 women, there were 6 such patients (9%) in the 2nd tr. By term their 
UAE was > 2g\24h. Those patients were included in Gr.2.Forty two patients with 
normo-albuminuria throughout the pregnancy comprised Gr.3. Results: The patients' 
diabetes duration (yrs) was 11.0±6(GrI), 18.7± 7(Gr2) and 7.7±3(Gr3). We did not 
register statistically evident difference in HbAlc (%) between the groups: Gr.l - 
7.6±0.5(lst tr), 7.2±0.4(2nd tr); 7.2±0.4(3rd tr); Gr.2 - 7.5±0.5, 7.0±0.6, 6.8±0.4, and 
Gr.3 — 7.4±0.3, 7.1±0.4, 7.0±0.2,respectively. The highest insulin requirements 
(lAkg)were observed in all the patients throughout the 3rd tr - Gr.l, 0.75±0.15; Gr.2, 

O. 68±0.04, Gr.3, 0.97±0.06. Preproliferative retinopathy was found in ten Gr.l 
patients (55.5%), two Gr.2 patients (33.3%), and two Gr.3 patients (4.7%). Four Gr.2 
patients had proliferative retinopathy (66.6%). There was no retinopathy progression 
observed after delivery. In Gr.2 patients anti-hypertensive therapy was used from the 
2nd tr. There were no intrauterine or perinatal deaths. Gestational week at delivery 
(GWD)was 37-39 in Gr.l. In 38.8% of cases Cesarean section was performed. Infants' 
birth weight (IBW) was 3100±450gr. In Gr.2 GWD was 34-38. All the patients 
(100%) underwent Cesarean section, IBW- 2800±200g. Three newborns had 
respiratiry distress syndrome. In Gr.3 GWD w'as 38-40, Cesarean section was 
performed in 14% of cases, IBW-3500±640g. In 8 new boms hypoglycemia was 
observed. Conclusions: When women with diabetic nephropathy were well- 
controlled during the pregnancy, renal function deterioration was not associated with 
retinopathy progression. Presence of macroalbuminuria may predict fetal hypotrophy, 
respiratory distress syndrome and pre-term delivery. 
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BIRTHWEIGHT AND SUBSEQUENT GROWTH INTERACTION 
AMPLIFIES LOW BIRTH WEIGHT PHENOTYPE EFFECT ON BLOOD 
PRESSURE AND INSULIN RESISTANCE 

N. S.Levitt, E.V. Lambert, D. Woods, CN. Hales and JR Seckl, Universiy of Cape 
Town, South Africa, Universities of Cambridge and Edinburgh,UK. 

Background and Aims: Low birth weight is associated with an increased risk of 
insulin resistance, increased blood pressure and cardiovascular disease in adult life. 
We examined whether the extent of subsequent growth (ie higher adult weight) 
affected expression of this phenotype in disadvantaged urban South Africans. 

Materials and Methods: Twenty year olds (n=132) with birth weights either <I0th 
centile (UFA) or betw een 25th and 75th centile (AFA) for gestational age at full-term, 
had anthropometry, blood pressure, lipids and glucose tolerance measured. Insulin 
sensitivity (IR) and secretion (B) were assessed using the HOMA model. Gender 
specific median BMI for all subjects was used to define subsequent growth providing 
4 groups: UFA-BMD (n= 43) UFA-AMD (n= 25) AFA-BMD (n= 23) and AFA- 
AMD (n=41). Analysis of variance was used to assess group differences. 

Results: Birth weights were lower in both UFA than both AFA groups (2.3±0.2 vs 
3.1±0.2 kg, p<0.03). Maternal BMI did not differ within birth weight groups but was 
lower in UFA-BMD than the two AFA groups (p<0.01). Subjects current BMI was 
19.5±1.5, 24.6±3.0,20.2±2.0 and 25.2 ± 4.8 kg/m2 in UFA-BMD, UFA-AMD, AFA- ‘ 
BMD and AFA-AMD groups (p<0.01 between BMI groups). Systolic BP was higher 
in UFA-AMD than UFA-BMD, AFA-BMD and AFA-BMD (130±16 vs J24±ll, 
119±10, 124±I2mmHg, p<0.02). IIOMA IR was higher in UFA-AMD (2.5±1.2) than 
UFA-BMD (1.6±1.0) and AFA-BMD (1.5±0.8) groups (p<0.01). Triglycerides were 
higher in UFA-AMD than UFA-BMD and AFA-AMD ( 0.9±0.6 vs 0.6±0.2, 

O. 7±0.2mmol/l, p<0.02). Maternal smoking, education and housing density at birth, 
current housing density and level of education did not differ between groups. 
Diastolic BP, glucose levels (fasting and post OGTT), HOMA B and cholesterol were 
also not different between groups. 

ConcIusions:These data indicate that the interaction between birth weight and 
subsequent growth defined by adult BMI amplifies the expression of the chronic 
disease phenotype associated with low birth weight, at least in this cohort. 
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CAN ACTIVIN A AND INHIBIN A PREDICT DEVELOPMENT OF PRE- 
EC LAMPS LV IN WOMEN WITH TYPE 1 DL4BETES? 

E. R. Mathiesen, P. Ekbom, N. E. Skakkcbxk, A.-M. Andcrsson, U. Fcldt-Rasmussen 
and P. Damm. Obstetric Clinic, Dept, of Nephrology and Endocrinology and Dept, of 
Growth and Reproduction, The National University Hospital, Copenhagen and Stcno 
Diabetes Center, Gcntofte, Denmark. 

Background and Aims: It has been shown that maternal serum concentrations of 
activin A and inhibin A are elevated in women without diabetes subsequently devel¬ 
oping pre-eclampsia. Our aim was to determine if activin A and inhibin A can predict 
development of pre-eclampsia in type 1 diabetes. Materials and Methods: In a pro¬ 
spective study maternal scrum was analysed for activin A and inhibin A in 115 type 1 
diabetic women at 10,14,20,28 and 34 w eeks of gestation. Twin deliveries were ex¬ 
cluded. Pre-eclampsia was defined as BP >140/90 and proteinuria >300 mg/24h later 
than 20 weeks. Results: Fourteen women developed prc-cclampsia (week 30-37) and 
101 did not. The two groups were comparable regarding age, BMI and diabetes dura¬ 
tion. Booking BP was I30(10)/79(5);114(11)768(8) mmHg (p<0.001) and 6(43%); 
6(6%) (p<0.001) had urinary albumin excretion >30 mg/24h. HbAlc at gestation was 
8.0(0.9);7.5(1.2) % (NS). Four(29%);3(3%) (p<0.01) delivered preterm <34 weeks. 
Table, Maternal serum concentrations of activin A and inhibin A during pregnancy. 



Activin A (ng/ml) 

Inhibin A (pg/ml) 

Weeks of 
gestation 

Pre-eclampsia 

No 

pre-eclampsia 

Prc-cclampsia 

No 

prc-cclampsia 

Week 10 

0.9 (0.5-1.6) 

1.0 (0.4-5.5) 

269 (132-484) 

328(124-902) 

Week 14 

1.4 (0.7-2.7) 

1.2 (0.6-3.9) 

251 (132-747) 

231 (84-1381) 

Week 21 

20(1.3-4.2) 

15(0.7-3.9) 

285 (96-1121) 

242 (99-829) 

Week 28 

5.4 (2.4-46.4) 

4.6(1.9-11.9) 

769 (224-8220) 

709 (260-2844) 

Week 34 

12.1(4.4-92.0) 

12.1(4.4-39.9) 

1441 (488-13024) 

1653 (504-5192) 


Values arc medians and (range). Differences between the 2 groups were NS. 
Conclusions: Maternal serum concentrations of activin A and inhibin A are not use¬ 
ful as predictors of pre-eclampsia in type I diabetes. 
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WHO MISSES ROUTINE REVIEW? - INFORMATION FROM A DISTRICT 
DIABETES REGISTER 

A.Collier 1 , A Jaap 1 , N. MacPherson 1 , A. Anderson 2 , and J. McCarlie 2 Ayrshire 
and Arran Acute NHS Hospital Trusts 1 and Ayrshire and Arran Primary Care 
Trust 2 , Ayrshire, Scotland. 

Background and Aims: Following recommendations from the Scottish 
Intercollegiate Guidelines Network (SIGN), a district diabetes register was 
established in Ayrshire and Arran, Scotland. This Register has been analysed to 
give information on the population not accessing routine diabetes care. Materials 
and Methods: Information for the register has been collected from the Diabetes 
Care System used in the Hospital Diabetes Clinics, General Practices, 
biochemistry laboratory, accredited optometrists, and the Social Work Department 
register of blind and partially sighted. The local population with diabetes who had 
not had HbAlc measured or dilated fundoscopy undertaken in the previous year 
(1999-2000) were identified. A number of demograpfiic factors including age, 
socio-economic status (denoted by the Carstairs DEPCAT score derived from 
postcode) along with sex were investigated for those patients not accessing the 
diabetes service. A third group of diabetic patients who smoked w ere identified 
and assessed by socio-economic status to allow comparison between the diabetes 
register population and other populations for w hom this t)pe of analysis has been 
undertaken. Results: Of the 7573 patients, 10.5% (796) had no record of HbAlc 
and of the 7498 patients eligible for fundoscopy 24.4% (1834) had not had dilated 
fundoscopy performed. Patients under 30 years (p<0.01) and over 80 years 
(p<0.01) were more likely to miss HbAlc check and fundoscopy. Patients with 
DEPCAT score 1&2 (p<0.01) plus 6 (p<0.01) were more likely to miss HbAlc 
check and fundoscopy. There was no significant difference in uptake by gender. 
The register demonstrated an increasing presence of smoking with increased 
deprivation. Conclusion: The data held on the Ayrshire and Arran Diabetes 
Register suggests that age and socio-economic status influences the uptake of a 
routine diabetic service. Planners of health care need to give consideration to the 
requirements of different age and socio-economic groups. 
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Improvement of the quality of diabetes care - JEVIN, a population-based 
survey with 10-years-foIIow-up: 1989/1990 -1999/2000 
R. Schiel, A. Braun, A. Rillig, U. Voigt*, I.S. Ross" and U. A. Muller, Univ. of 
Jena Med. School, Dept, of Int. Med. II, *Dept. of Ophthalmology, Jena, 
Germany and "Univ. of Aberdeen, Dept, of Clin. Biochemistry, Aberdeen, U.K. 
Background: JEVIN (Jena's St. Vincent Trial) is a prospective, 10-years-foliow- 
up, population-based survey of all insulin treated patients with type 1 and type 2 
diabetes mellitus aged 16 to 60 ys and living in the city of Jena (100,000 
inhabitants). Methods: In 1989/90 190 patients (83% of the target population) and 
in 1994/95, following the decentralisation of the health care system, 244 patients 
(90%) were studied. During the following 5 ys specialised diabetes care units were 
re-established and structured treatment and teaching programmes (TTP) were 
implemented. Up to 1999/2000 the target population increased to 401 patients 
(patients aged 16-60 ys [n=291] and patients which were examined in 1989/90 
and/or 1994/95 and were older than 60 ys [n=110J). Now 90% (n=362/401 
patients) of the target population were examined. Results for patients 16-60 ys 
(type 1/2: age 42.5±11/52.2±7 ys, rel. HbA1c=HbA1 c/mean normal [HPLC, 
DiamatS], *p<0.05, ’=blood glucose self-tests, ^intensified insulin therapy, 
’^participation in a TTP, ^incidence of hypoglycaemia with glucose- or 
olucagoniniection, 5 =of ketoacidoses/comata with hospitalisation): _ 
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There was no increase, neither in patients with type 1 nor type 2 d abetes, in the 
prevalence of long-term complications (nephropathy, retinopathy, neuropathy). 
Conclusions: During the last decade there was a substantial improvement in the 
quality of diabetes control. The broad implementation of specialised care, 
structured TTPs, intensified insulin therapy and blood glucose self-monitoring for 
patients with type 1 and 2 diabetes mellitus seems to be major comer stones for 
the improvement of the quality of diabetes care. 
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Quality of care of elderly type 2 diabetics in general 
practice: results from the French Adage 65+ Study 
I. Tauveron, F. Desbiez, N. Cugnardey*, M.L. Guest 4 , Ph. Thidblot, 
E. Albuisson* Dpt of Diabetes and Biostatics*, CHU Clermont- 
Ferrand and Merck Lipha\ Lyon, France 

Aims and Methods: The national study Adage 65+ was performed by 456 
French general practitioners to analyze the state of health and quality of care 
of 1349 type 2 diabetics over the age of 65 years receiving oral antidiabetic 
drugs. Each practitioner was asked to fill a questionnaire and data were 
analyzed by a single statistical center. 

Results: Ttiis study concerned patients with a mean age of 71.6 ± 5.7 years 
(56% male - 44% female) and an average duration of the disease of 11 years. 
A high prevalence of cardiovascular risk factors is noted: smoking (36%), 
obesity or excessweight (79%), mostly android (63% of men, 75% of 
women), hypertension (80%) or drug treated hyperlipidemia (58%). 

Metabolic control remains inadequate: fasting glucose 153 ± 43 mg/di, 
HbAlc 7.5 ± 1.5% (the latter was only determined among 65% subjects). 
Similar findings are observed for other risk factors: blood pressure is 
controlled in only 20% of patients, although over 2/3 of patients receive 
antihypertensive drugs. LDL cholesterol is only occasionally determined. 
Degenerative complications are surprisingly uncommon: coronaropathy 17%, 
arteritis 15%, retinopathy 13%, neuropathy 7%, diabetic foot 5%, 
nephropathy 5% (while urinalysis is performed only among 27% patients), 
suggesting a poor detection of complications. Finally, multidisciplinary 
diabetes care seems improved when compared to previous French studies: 
92% of patients per year are referred to ophthalmologists, 71% to 
cardiologists but only 23% to diabetologists. 

Conclusion: Elderly type 2 diabetics present with clinical characteristics 
similar to middle age diabetics. Since type 2 diabetes is a complex disorder, 
our study emphasizes the need for early and multispccializcd overall care of 
type 2 diabetic patients regardless their age. 
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A COMPARISON OF 2 PAEDIATRIC AUDITS LN YORKSHIRE, UK 
FELTBOWER RG, STEPHENSON CR, HOLLAND P, MCKINNEY PA 
Paediatric Epidemiology Group, Leeds University; General Infirmary at Leeds. 

Background and Aims: In 1992 an audit of service delivery for paediatric diabetes 
recommended improvements in the ranges of hospital support and delivery of care 
from a trained paediatrician. In 1997 a further audit established these 
recommendations had been implemented. This study aimed to investigate whether 
improved health care in clinics across the Yorkshire region was actually reflected in 
improved diabetic control as measured by HbAlc levels of the patients. 

Materials and Methods: Demographic and clinical details were collected by a single 
data collector on a cross section of 798 children (0-18 years) attending 24 clinics in 
1992 and 650 children at 15 clinics in 1997. Mean HbAlc levels and insulin dose/kg 
were compared between audits. 

Results: There was no difference in age distribution either at diagnosis or at the time 
of the audit between 1992 and 1997 with 32% in 1992 and 37% in 1997 being under 
5 years of age at diagnosis. There was a significant reduction in HbAlc of 1% 
(P<0.01) from 9.8% to 8.8%. There was no significant difference in the average daily 
dose of insulin/kg between audits. In 1997, the mean dose increased from 0.77 
units/kg/day in 0-4 year olds to 1.16 units/kg/day in 10-15 year olds. 

Conclusions: This study has demonstrated that more specialised and focused delivery 
of care appears to improve diabetic control in a large clinic population representative 
of the spectrum of diabetes. 
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STAGED DIABETES MANAGEMENT VERSUS TRADITIONAL 
APPROACH IN THE TREATMENT OF DIABETES IN ST-PETERSBURG. 

A.Zalevskaya, V.Brcgovsky, and I.Karpova. City diabetes center, St-Petersburg. 
Background and Aims. Staged Diabetes Management ($DM) represents a systemic 
approach to the diabetes management and its efficacy has been proved in countries 
with different health care systems. To implement the SDM in St-Pctersburg we 
performed its adaptation to local health care and pharmacy' system. The aim of the 
present study was to compare the efficacy of SDM with the traditional treatment 
regimen of DM in selected out-patient diabetes clinics. Materials and Methods. 110 
patients with DM (type 1 - 50, type 2-60) were recruited in 6 out-patient centres. 
The randomisation (2:1) was performed per centre: the SDM group - 80 pts and 
control group - 30 pts. The physicians, randomised for SDM, contrary to control 
group were specially trained for SDM algorithms. All patients were equally 
equipped with streeps for self-control and passed a standard education course 
according to local practice. The efficacy criteria were: fasting glycemia, HbAl 
(N:5-7%), total insulin dose (U/kg/day) or oral hypoglycemic agents (OHA) 
requirement, intensity of treatment (number of visits per 1 pt per 6 months), and 
frequency of hypoglycemias. All tests were collected at baseline, at 3 and 6 months 
of the follow-up. Results. The median of fasting blood glucose decreased in both 
groups: SDM - 9,4-7,0-7,0 mmol/1; control - 8,85-7,0-7,3 mmol/1 (for SDM and 
control p<0.05). HbAl decreased in SDM group (8,6 - 8,1 - 7,4 %, p<0.05), 
whereas in control group it remained unchanged (7,8 - 8,2 - 7,8 %). Intensity of 
treatment in type 1 DM was higher in SDM group (7,3 vs 5,2 visils/lpt/6 months in 
control group, p<0.05). The total insulin dose and frequency of hypoglycemias did 
not changed significantly in both groups. Intensity of treatment in type 2 DM was 
higher in controls (7,6 vs 6,8 visits/ipt/6 months). At the same time, in 24% 
patients with type 2 DM of SDM group the OHA doses were lowered. In control 
group there was no decrease of OHA dose and in 30% cases one OHA was changed 
to another without effect. Conclusions. The treatment according to modified SDM 
algorithms lead to significant improvement in glyccmic control and was superior 
compared to traditional treatment The improvement of treatment of DM in SDM 
group was predominantly achieved by optimisation of treatment schemes while 
increase of intensity of treatment was unfrequent 
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EFFICACY OF A STRUCTURED PATIENT MANAGEMENT SYSTEM 
FOR DIABETIC PATIENTS 

\V. Piehlmeier 1 , R. Renner 2 , W. Steines 2 , A. KOnig 1 , M. Gottsmann 3 , 

R. Hardenberg 4 , J. von HQbbenet 5 , R. Landgraf* 

'Diabetes Centre, Dept, of Internal Medicine „Innenstadt“, University of Munich, 
2 Diabetes Centre Munich-Bogenhausen, 3 County Hospital Traunstein, 

4 Henriettenstifr Hospital, Hannover, 5 Diabetologist, Hamburg 

Background and Aims: Prospective analysis of the effects of a patient management 
system on cardio-vascular risk profile in diabetic patients. Patients and Methods: 
The structured system aims at optimization of glucose metabolism, blood pressure 
and lipid profile, dietary adaptation and cessation of smoking. Physicians are 
provided with guideline-based diagnostic and therapeutic recommendations. Every 3 
months structured data are imported into a central database, and for each patient a 
separate analysis containing comments and alerts is generated. 3.949 diabetic 
patients from 202 primary care offices were included into the system. 2066 patients 
with an observation period of >6 months were divided into 2 groups: 696 
normoalbuminuric patients (Group A) and 1370 patients with microalbuminuria 
(Group B; definition: no exclusion criteria, £20 mg/1 in at least 2 of 3 samples of 
first morning obtained within one week, no positive result for protein in urinalysis, 
normal scrum creatinine level). Basic data in Group A (B) were (mean+SD): age 
44% (52%) male, age 63.0± 11.8 (63.0±12.3) yrs, known diabetes duration 8.0±8.7 
(9.1 ±9.8) yrs. Results: After 16.9±8.0 (17.5±S.5) months values compared to 
baseline values were: HbAlc 7.2+1.4% vs. 7.5+1.5%, p<0.01 (7.3+1.4% vs. 
7.7+1.7%, p<0.0001). RRsyst 141+17 vs. 144+19 mmllg, p<0.001 (141 + 17 vs. 
146+20, p<0.0001). RRdiast 81+9 vs. 82+10, n.s. (80+9 vs. 83+11, p<0.0001). 
Total serum cholesterol 217+38 vs. 223+40 mg/di, p<0.001 (213+44 vs. 222+44, 
pO.OOOl). Triglycerides 170+105 vs. 179+125 mg/dl, n.s. (179+116 vs. 201+145, 
p<0.0001). At the end of the intervention period 69% (37%) were 
nonnoalbuminuric, 23% (48%) microalbuminuric, 6% (11%) macroalbuminuric, and 
2% (4%) showed an increased serum creatinine. Conclusion: This system 
implementing methods of quality management into routine diabetes care showed a 
significant reduction of the cardiovascular risk profile. 
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CARDIOVASCULAR MORBIDITY AND RESOURCE CONSUMPTION: AN 
ASSESSMENT OF THEIR AVOIDABILITY LN TYPE 2 DIABETES. 

A. Nicolucci, G. De Berardis, M. Franciosi, M. Belfiglio and ihe QuED Study Group. 
Consorzio Mario Negri Sud, S.Maria Imbaro (Ch). 

Background and Aims: In the framework of a nation-wide outcomes research 
program in type 2 diabetes, we assessed the avoidability of cardiovascular (CV) events 
related to the implementation of the existing guidelines for the management of 
hypertension and dyslipidemia. The excess of resource utilisation related to the 
development of CV events was also estimated. 

Materials and Methods: Type 2 diabetic patients younger than 75 years and free from 
major cardiovascular diseases were included in this study. By applying the 
Framingham equations, we estimated their 10 year CV risk and then calculated the CV 
risk reduction that could be achieved by pursuing different therapeutic targets. 
Furthermore, in 821 patients with a history of CV disease, resource utilisation in the 
previous year was evaluated in terms of disability days, hospitalisation days, number of 
clinical visits and diagnostic procedures. 

Results: Overall, 1689 patients were eligible for this study. The mean risk of 
developing a CV event during 10 years was 18.9+8.7%. The number of avoidable 
events during 10 years was strongly related to patients’ baseline risk. By decreasing 
systolic blood pressure to 130 mmllg, the number of events avoided (per 1000 treated 
subjects) would be 6 in low risk patients (risk<15%) and 34 in high risk ones (risk 
>30%). Similarly, by decreasing total cholesterol levels to 150 mg/dl, 25 events would 
be avoided in low risk patients and 76 in high risk ones. The maximum risk reduction 
rate, corresponding to 38% (105 avoided events/1000 treated subjects), would be 
attained by aggressively treating both risk factors. If applied to the Italian population, 
these figures would translate in over 40.000 CV events avoided during 10 years. 
Excess resource consumption in patients with a history of CV disease was the 
following (per 1000 patients/year): 444 hospitalisation days, 6850 disability days, 2078 
clinical visits, and 2112 diagnostic procedures. 

Conclusions: A strict control of blood pressure and hypercholesterolemia, in 
agreement with existing guidelines, could lead to a substantial decrease in morbidity, 
social and economical costs related to diabetes. 
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Why is the cardiovascular risk profile in type 2 diabetes so hard to improve? 

L.J. Ubink-Veltmaat, N. Kleefstra, S.T. Houweling, K.H. Groenier, B. Meyboom-de 
Jong and H.J.G. Bilo. Isala clinics, Weezenlanden location, Zwolle and University of 
Groningen, Groningen, The Netherlands. 

Background and Aims: Improving the cardiovascular risk profile is an important 
aspect in the treatment of type 2 diabetes as 70% of these patients die of 
cardiovascular disease. A very important key to success in improving the risk profile 
is motivation of the patient. The latter is highly dependent on expectations regarding 
the improved Quality of Life (QoL) that may be felt as a consequence of the effects 
from changes in behaviour or treatment. We studied the relationship between 
cardiovascular risk factors and QoL. 

Materials and Methods: In the shared care diabetes project ZODIAC (Zwolle 
Outpatient Diabetes project Integrating Available Care) QoL is assessed using the 
Rand-36, a generic questionnaire. For this cross-sectional study 1012 questionnaires 
from 1155 patients were included; non-parametric tests were used for analyses. 

Results: Mean HbAlc was 7.5%, total cholesterol 5.7 mmol/L, blood pressure 155/84 
mmHg, and 19% of the patients smoked. Only one (health change) out of 9 scales of 
the Rand-36 showed a significant negative relationship with Hbalc (p=0.005). No 
significant relationship was found between any of the scales and total cholesterol, nor 
with blood pressure or smoking. 

Conclusions: An important explanation of the fact that it is difficult to improve the 
cardiovascular risk profile in type 2 diabetic patients is that there is no direct 
relationship between the degree of regulation of these risk factors and QoL. 
Acknowledgement of this fact by caregivers might lead to efforts to motivate patients 
to change behaviour in other ways than by highlighting possible changes in QoL. 
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CARDIOVASCULAR THERAPIES LN 1M DIABETES CLINICS: A 
PHARMACO-EPIDEMIOLOGICAL ANALISYS. 

M.Maggini, C. Giorda, E. Mannucci M.Velussi, A.Avogaro, S.Turco, R.Raschetti 
On behalf of the DAI STUDY Group, Istituto Superiore di Sanita, Roma, Italy 
BACKGROUND: Several studies have shown how guidelines are poorly 
implemented in clinical practice. Out-of-pocket cost for medication, load of daily 
tablets, tightened drug-budget control, and physicians' prescription attitudes are 
some of the possible explaining factors. AIM: To evaluate how primary e 
secondary prevention of cardiovascular (CV) disease has been carried out in over 
time in a large sample of Italian diabetic clinics. MATERIALS AND 
METHODS: The source of data was the database of the DAI study at 6-month 
and 12-month follow-ups. The DAI Study is an observational study on 
macroangiopathy in type 2 diabetic which randomly selected 24056 patients from 
201 Italian diabetic clinics. Data on treatment are being collected every 6 months. 
After a detailed descriptive evaluation in several subsets of patients, certain cost 
were calculated in 106 clinics. RESULTS: On average, in primary prevention 
11.5% of patients were on antiplatelets, 23% on lipid-lowering and 57% on 
antihypertensive therapies. In secondary prevention 46% of patients were on 
antiplatelets and 33% on lipid-lowering therapies. In the period of time Jan 1999- 
Jan 2000 a fair increase in the proportion of treated patients was recorded, 
especially for statins (+ 24%). This trend was particularly apparent in subjects who 
developed cardiovascular events in the same period of time. The mean expense for 
cardiovascular treatment per patient was 236 Euros per year. An appropriate link 
between CV risk, calculated by using Framingham score equation, and drug 
expenditure was found. However, the ratio between number of treatments and 
number of patients who would need it, in every center , showed that drug 
utilisation was very varied among clinics. CONCLUSIONS: As regards effective 
treatment to prevent CV disease ia diabetic patients, a positive trend over 1 year 
was found in this representative sample of diabetic clinics. Recent cardiovascular 
events sensitize doctors to start effective therapies. Prescription attitudes are 
anyway varied among clinics, there is a sort of here-and-there pattern of 
prescription On the whole, treatment of cardiovascular risk factors in diabetic 
patients warrant further efforts. 
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An innovative experience of nutritional education at primary school 
C. Godenir, B. Dumain, X Debussche, M Roddier, E Rachou and S Besson. CHD 
Felix Guyon-Saint-Denis, La Reunion 97405 Cedex France. 

Background and Aims: weight excess and obesity constitute a growing widespread 
health problem. The present action aimed to experiment an educational program for 
nutrition at primary school for 9-11 yrs children. Materials and Methods: 5 
practitioners, 10 nurses from the school health promotion and 11 teachers followed a 
training program (2x4 hrs): nutritional balance and repartition, common health 
messages and pedagogic tools. The education phase was conducted (Jan-Jun 2000) by 
the trained teachers in 11 classes. Body Mass Index was determined in 198 children 
(Group E) before (tO) and at the end (tl) of the education phase, children perceptions 
on health and food were assessed by the means of a 10 items questionnaire. The same 
data were collected at tO and tl in a non educated control group (Group C, n=191) 
from the same schools. Groups E and C were not different concerning ace and sex 
(M; 46% ; F: 54%). Results were analysed using chi-2 and variance analysis. Results: 
at tO, weight excess (BM3 > 90th percentile) was present in 31.8% (n=63) children in 
group E and 30,9% (n=59) in group C, obesity (BNH>97th percentile) in 20.7 % (E, 
n=41) and 19,4 % (C, n=37). Children perceptions were identical at tO in the 2 groups 
: healthy role of dairy products, fruits or vegetables, and importance of breakfast were 
correctly reported (>80 %), but errors predisposing to obesity were frequent : 80 % 
thought that a large amount of meat is necessary, up to 20 % did not perceive the 
dangerous effect of sources of non-visible lipids, 50 % thought that sugar and 
sweetened products are indispensable to growth. At tl, weight excess was present in 
29.6% (E : 33.3%, n=66; C : 25.7%, n=49, ns), obesity in 16.2% (E : 17.2%, n=34; C 
: 15.2%, n=29, ns). Overall, there was no significant differences at tl vs tO, albeit the 
numbers of obese boys tended to reduce in group E (9.4%, vs 17.7%, n=17). 
Amelioration of perceptions was noted in the 2 groups at tl, but was better in group E. 
Conclusion. Introduction of nutritional education at school is feasible, provided that 
action is prepared in the context of a structured network of nutrition experts, school 
health professionals, and institutional covering of a designed project. The effect of 
such an action is not obvious as regards to anthropometric data at the end of education 
period, but perceptions of educated children seem to improve. An additional 
evaluation has to be done at one year (t2, June 2001), and the actual impact on 
behavioural changes needs to be assessed. 
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THE DETMOLD DIABETIC EMERGENCIES PROJECT - 
A POPULATION-BASED INTERVENTION STUDY TO IMPROVE THE 
QUALITY OF PREHOSPITAL MANAGEMENT OF DIABETIC EMERGENCIES 
A. Plaschke, M.-Y. Vogel, E.-H. Egberts, A. Holstein 
l a Department of Medicine, Klinikum Lippe, Delmold, Germany 

Aims: Studies have revealed deficits in the pre-hospital management of diabetic 
emergencies. An intervention study was performed to evaluate prospectively the 
effects of diabetological training of the emergency medical team, blood glucose 
screening of all emergency patients and standardized therapy of diabetic emergencies. 
Methods: After initial diabetological training of all emergency physicians and 
emergency medical technicians, a standardized protocol was introduced for the pre¬ 
hospital emergency therapy of severe hypoglycaemia and diabetic coma in a German 
emergency medical service district with 180,000 inhabitants in the period from 1997- 
2000. For sensitive detection of diabetic emergencies, a rapid blood glucose test was 
performed in all emergency patients with the exception of small children, 
resuscitations and deaths. Indicators of structural, process and treatment quality before 
and after intervention were compared. Results: A rapid blood glucose test was 
performed in 6631 (85%) of all 7804 emergencies. The prevalence of acute diabetic 
complications w as 3.1%. 213 cases of severe hypoglycaemia and 29 cases of diabetic 
coma were recorded. Compared with a retrospective analysis of the 204 diabetic 
emergencies of the period 1993-1996 in the same district there was a continuous 
increase in diabetic emergencies. The training of the emergency team led to a 
significant improvement in the quality of treatment. In hypoglycaemia larger volumes 
of intravenous 40% glucose were administered (50±20 ml vs. 28±20ml; p<0.001). In 
50 diabetic patients with sulphonylurea-induced hypoglycaemia the mandatory 
additional glucose infusions and hospitalization for further observation reduced 
mortality from 4.9% to currently 0%. Insulin-treated patients well educated about 
diabetes were more often treated at the emergency scene only after severe 
hypoglycaemia (25% vs. 8%), hospitalization was avoided without complications. For 
the first time emergency medical technicians independently treated hypoglycaemia 
before the arrival of the emergency physician. Conclusions: The diabetological 
training of the emergency team is effective and efficient, it improves the quality of 
treatment, the prognosis and the economic variables of diabetic emergencies. 
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KNOWLEDGE OF THE FINDINGS OF THE UK PROSPECTIVE 
DIABETES STUDY (UKPDS) AMONGST UK GENERAL PRACTITIONERS 

A.M.Emslic-Smith, J.M.M.Evans, G.P.Lccse and A.D.Morris for the 
DARTS/MEMO Collaboration, Ni newel Is Hospital & Medical School, Dundee, UK. 
Background and Aims: To assess UK General Practitioners’ level of know ledge of 
the findings of the UKPDS. Materials and Methods: 25 questions, based on 
UKPDS findings, were posted, in June 2000, to all 109 General Practitioners, and to 
two Diabctologists in the city of Dundee, UK. Results: 61 questionnaires (56%) were 
returned. Mean score - 25.6% (range 0-68%). There was no significant difference in 
mean score between those in Practices of a certain size, Training Practices or 
Practices with dedicated diabetes clinics, nor between GPs who subscribed to the 
British Medical Journal , w ere members of the Royal College of General Practice or 
who were GP Trainers, and those who were not. GPs who w ere actively involved in 
diabetes care in their Practice (n=30, mean score 31.4%) scored better (p=0.01) than 
those who were not (n=31, mean score 19.5%). There was no significant difference 
in correa answers to questions relating to giycacmic control (n~12, average % 
correct 26.0%) compared with those relating to blood pressure control (n-U, 
average % correct 24.9%). 37.7% (46.7% if active in diabetes care, 29.0% if not) 
knew that UKPDS was restricted to T>pc 2 diabetes. Questions on different drug 
treatment approaches showed correct knowledge in 18.0% (25.0% if active, 11.3% if 
not) of respondents for glycaemic therapy and 39.3% (46.7% if active, 32.3% if not) 
for blood pressure therapy. Correct knowledge of targets for control of glycaemia and 
blood pressure, developed as a result of UKPDS, was shown by 34.4% (46.7% if 
active, 22.6% if not) and 47.5% (63.3% if active, 32.3% if not) respectively. Both 
Diabctologists answered 24 questions correctly (96%). Conclusions: General 
Practitioners provide most Type 2 diabetes care in UK. However, their level of 
knowledge of the UKPDS findings appears to be low. The significant difference 
between those active in diabetes care and others, demonstrates the trend towards sub- 
spccialisation within General Practice. If cvidcncc-bascd medicine is to be praaised, 
new methods must be found to more effectively educate GPs of trial findings. 
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UTILISING MICROALBUMINURIA AS A SPECIFIC RISK MARKER HAS 
AN ADDITIONAL TREATMENT EFFECT LN TYPE 2 DIABETIC PATIENTS 
T. Drivsholm, N.D.F. Olivarius, H. Beck-Nielsen, A.H. Andreasen. Central Research 
Unit of General Practice, University of Copenhagen, Denmark. 

Background and Aims: To assess the effect of focusing on microalbuminuria in a 
multifaceted intervention directed at general practitioners to improve care of type 2 
diabetic patients. 

Material and Methods: 474 general practitioners participated in a pragmatic, open, 
controlled trial with randomisation of practices to structured personal care 
(intervention group) or routine care (control group). 874 (90.1%) of 970 patients aged 
40+ years diagnosed with diabetes in 1989-91 and surviving until 6-year follow-up. 
Intervention included regular follow-up and individualised goal-setting supported by 
prompting of doctors, clinical guidelines, feedback and continuing medical education. 
In the annual patient reports sent to doctors no specific advice concerning treatment 
were given except for patients with microalbuminuria for whom doctors were asked to 
consider treatment of even slight hypertension. Urinary Albumin Concentration 
(UAC) in a freshly voided morning urine sample was analysed centrally using a RIA 
at the diabetes diagnosis. The patients (n) of the intervention and control group, 
respectively, were: normoalbuminuric (292/275), microalbuminuric (127/106) and 
proteinuric (19/19), defined as a UAC (mg/1) of <15, 15-<200 and >200, respectively. 
Results: After 6-years of follow-up the systolic blood pressure (medians, mmHg) in 
the intervention and control group, respectively, were 145 vs. 150 (p<0.0001, 
Wilcoxon test), while the diastolic blood pressure were 80 vs. 84 (p=0.23). Stratified 
by normoalbuminuria, microalbuminuria and proteinuria at baseline, the systolic 
blood pressure in the intervention and control group, respectively, at follow-up were 
146.5 vs. 150 (p=0.015), 145 vs. 155 (p=0.003), 150 vs. 160 (p=0.l2) in the three 
groups, while the diastolic blood pressure were 80 vs. 81 (p=0.71), 80 vs. 85 
(p=0.060), 85 vs. 85 (p=0.36). 

Conclusions: Judged from the effect of this multifaceted intervention on blood 
pressure of type 2 diabetic patients, patient-specific written medication-advice to 
doctors of patients with microalbuminuria has an additional beneficial and clinical 
important treatment effect. 
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Comparative analysis of conventional and adaptive computer-based 
interactive hypoglycaemia education programs 

Nebel l-T, Klemm Th, Paschke R 

III. Medical Department, University of Leipzig 

Objective: Conventional computer-based education programs do not take 
into account interpersonal differences among patients such as different skills 
using computers or different diabetes knowledge. Our aim was therefore to 
overcome this disadvantage by creating an adaptive, interactive computer 
based training program which can be personalised to the patients' specific 
needs and skills. To test whether this aim can be achieved we therefore 
compared a conventional with an adaptive computer-based hypoglycaemia 
education program with regard to parameters like increase in diabetes 
knowledge or user friendliness. Research Design and Methods: The 
patients were confronted with a hypoglycaemic situation and asked to 
overcome this situation by choosing the most helpful actions from a variety of 
opportunities provided by the computer program. 120 randomised diabetic 
patients were enrolled in this study. First, we compared the results (number of 
mistakes) obtained with the conventional and the adaptive computer program. 
Second, we determined the time patients needed to finish the different 
exercises. Third, the user friendliness of the too programs was evaluated by 
means of a questionnaire. Differences among the too groups were tested for 
statistical significance using the Mann-Whitney-U-Test for independent 
groups. A p value <0.05 was regarded as statistically significant. Results: 
Patients using the adaptive computer-based hypoglycaemia education 
program had significantly better results (p=0,037) as compared to those using 
the conventional training program. Furthermore, the user friendliness of the 
adaptive computer program was rated as significantly better (p=0,015) by the 
patients. Conclusions: The adaptive, interactive computer-based 
hypoglycaemia education program is more effective and better accepted 
compared to a conventional training program. Therefore, this adaptive 
education program might be a helpful adjunct to the current hypoglycaemia 
education of diabetic patients. 


Structured teaching and treatment of elderly patients with type-2 
diabetes meilitus and impaired cognitive function- the DikoL- 
intervention trial 

Braun A, Schiel R, Siefke S, Franke I, Helbig C. Drewelow S, Leppert K“, 
Muller UA. University of Jena Medical School, Dept, of Int. Med. II and *lnst. 
for Med. Psych., Jena, Germany. 

Structured teaching and treatment programmes (TTP) should be offered to all 
patients with diabetes. After participation in a TTP, 50% of the elderly 
patients are still inadequately trained (Schiel et al., Diab Stoffw 2000; 9: 227- 
233). They often need third party assistance leading to impaired quality of life 
and increased welfare costs. Thus, it was the aim of this intervention trial to 
develop a structured TTP for elderly patients with impaired cognitive function. 
Methods: 106 patients with type-2 diabetes older than 55 participating in a 
TTP for conventional insulin therapy in 1999 were examined. Patients with 
less than 91 IQ-points were randomised: They either took part in the TTP 
according to Berger et al. (standard group) or in the special adapted DikoL- 
TTP (no pathophysiology, urinary- instead of bloodglucose-self-monitoring, 
more practical exercise). Results: GroupA/B: n=35/34, age 67,6+8,9/ 
70,7±8,2 ,p=0,14, diabetes duration 11,6±8,3/11,1+7,4 ys., p=0,80, HbAlc 
10,3+2,0/10,7+1,8% [HPLC, Diamat®,NR 4,5-6,3%), p=0,33, cognitive 
function 81,5±5,1/78,8±6,7 IQ-points, p=D,07. After the TTP and Zi year later 
patients’ knowledge and ability of diabetes-self-management were tested. 


Baseline 

Standard(n=30) 

DikoL (n=26) 

p-value 

Knowledge (points) 

10,9±2,6 

12,2+2,7 

0,08 

Handling (points) 

14,2±3,3 

15,9±2,5 

0,17 

HbAlc (%) 

10,4±2,1 

10,4±1,5 

0,90 

Re-examination 




Knowledge (points) 

8,8±5,0 

8,7±5,1 

0,97 

Handling (points) 

12,4±4,1 

15,9±2,5 

0,001 

HbAlc (%) 

8,4±1,4 

8.511,3 

0,77 


There were no differences in incidences of hypoglyceamia, coma and foot 
ulcera at re-examination. Conclusions: Elderly patients with impaired 
cognitive function should take part in a special adapted TTP. This shows 
equal, concerning "diabetes-self-management”, even more efficiency with 
better acceptance of the patients. 
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QUALITY OF LIFE FOLLOWING AN EDUCATIONAL INTERVENTION 
S. Szabo, M.Pibemik-Okanovic, M.Prasek, I. Pavlic-Renar and Z.Metelko, Vuk 
Vrhovac Institute, Zagreb, Croatia 

Background and Aims: Quality of life (QoL) is an important outcome measure in 
diabetes care. This study was aimed to examine the long-term effects of a team 
educational intervention on the patients’ quality oflife. 

Materials and Methods: 395 patients (212 females, aged 39.2 +/-15.1 yrs, suffering 
from diabetes for 11.4 +/-8.7 yrs, treated with insulin in 89%cases, having baseline 
HbAlC values 8.6% +/- 2.3, educated at primary level in 10.4%, secondary in 66.6% 
and university in 23%), were included in a 5-day educational course, structured as a 
small-group educational and psychological workshop. The groups were invited for 
medical check-ups and educational refreshments at 3-month intervals, and assessed 
regarding their QoL prior to the course, and after follow-up periods of 3 and 18 
months.The WHOQoL-BREF.a 26-item generic QoL instrument was used. The 
instrument covers four QoL domains: Physical, Psychological, Social relations and 
Environment. Paired t-tests and correlations were employed to compare QoL 
indicators at different assessment points. 

Results: When compared with baseline indicators, the patients’ QoL indicators 
improved after 3 months with regard to their overall QoL (t= -4.3 p=.000), 
satisfaction with health (t= -8.5 p=.0O0), Physical domain (t= -6.44 p-.000), 

Psychological domain (t= -4.29 p=.000). Social domain (t= -3.25 p-.OOl) and 
Environment (t= -4.69 p=.000). The improved QoL remained stable after 15 months 
for all the four domains, while the subjective evaluations of overall QoL and general 
health further improved. The indicators of metabolic control were improved after 3 
months to 8.0% +/-1.8, and 7.8% +/-1.6 after 18 months. The associations between 
glycemic control as measured by IlbAlC and QoL were shown to be significant for 
physical and psychological domains at baseline (r= -.13 r= -.11), for physical, 
psychological and social domains at the 3-month foliow-up period (r= -.II r= -.17 
r= -. 12) and for physical domain after a 18-month folIow r -up period (r= -.29). 

Conclusions: A team educational intervention followed by regular check-ups has 
long-term positive effects on the patients’ quality oflife. 
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PERCEPTION OF RETINOPATHY AND SCREENING PROCEDURES AMONG 
DIABETIC PEOPLE 

M. Trento, M Bajardi, P Passera, M Maurino, S Carbonari, S DiMiceli, A Cenci, 1R 
Gibbins, 1DR Owens, 2F Cavallo and M Porta. Diabetic Retinopathy Centre, Dept, of 
Internal Medicine, University of Turin, Italy, and IBro Taf Health Authority, Diabetic 
Retinopathy Screening Service (DRSS), Llandough Hospital. 2Dept of Public Health and 
Microbiology, University of Turin, Italy. 

Background and Aims: Managing chronic diseases requires that patients have correct 
perceptions of their condition and how to prevent complications through appropriate 
health beliefs, lifestyle changes and control of health practices. Diabetic retinopathy (DR) 
is likely to occur during a patient’s lifetime and regular screening prevents visual loss. This 
study was designed to verily how patients perceive DR, its screening and their own role in 
preventing blindness. Methods: A questionnaire was administered to 258 consecutive 
patients after screening for DR, according to the European Field Guide-Book procedure, in 
Turin (n=130) and Wales (n=128. Group W). All Welsh patients and 70 in Turin (Tl) 
were on standard medical care and education at their clinic or general practitioner, whereas 
the other 60 in Turin (T2) were on a permanent programme of diabetes care delivery 
through group tutoring. Statistical analysis was carried out first by comparing T2 patients 
with all those on standard medical care (Tl-and W) and then the latter with each other. 
Comparisons were done by chi-square test on a 2x2 table. Results: Diabetes may damage 
the eyes according to 100% and 84% of patients in groups T2 and Tl, respectively, and 
50% in Wales (p<0.01 vs Tl and T2). DR had been heard of by 100% (T2), 67% (Tl) and 
48% (W) (p<0.01 vs Tl and T2). In group T2, 82% of patients could give a meaningful 
description of DR, though only 17% could use correctly the word "retina", but only 18% 
and 16% in groups Tl and W (p<0.001 vs T2), these patients either did not know the word 
"retina" or believed it W'as outside the eye (e.g. it was the whole eye or even the screening 
operator or the camera). In groups Tl and W, respectively 57% and 47% of patients 
believed they could not help with eye care, whereas 78% in T2 replied they should control 
their diabetes and 20% that their eyes should be checked regularly (p<0.001). Regarding 
reasons for screening, 100% of patients in group T2 answered "prevention and checks", 
against 61% in Tl (p<0.001 vs T2) and only 9% in W (p<0.001 vs Tl). In groups Tl and 
W, 33% and 37% said that they did not know why they were being screened while all T2 
patients did know. Conclusions: These preliminary data suggest that correct health 
perception and internal control mechanisms may be activated by permanent interactive 
education much more effectively than through information given during standard 
consultations. 
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Economic consequences of controlling both Hbalc and Post-Prandial Glucose in 
type 2 diabetes 

M. Salas, G. Raggio, J. Ishak, J. Sung, J. O'Brien and J. Caro. Caro Research 
Institute, Concord^ MA and Montreal, QC. 

Background and Aims: Recent studies report correlation of the 2-hour postprandial 
glucose level (PPG) with the risk of cardiovascular disease. To explore the economic 
implications of controlling both HbAlc and PPG, we developed a short-term model 
that examines the efficiency of attaining this treatment goal in patients with type 2 
diabetes. 

Materials and Methods: A model of glycemic control, therapeutic decisions, and 
associated costs from the perspective of a comprehensive payer was developed using 
a Markov process. This process allows movement between various clinical states: 
glycemic control defined as control of either PPG or HbAlc or both, lack of control, 
and death. American Diabetes Association guidelines were considered for treatment 
goals or to take an action in relation to HbAlc. Visit rates were estimated based on 
guidelines. Costs are reported in 2000 US dollars discounted at 3%. Analyses were 
carried out comparing nateglinidc to metformin based on the results of a randomized 
clinical trial. 

Results: Simulation over a three-year time frame of a cohort of 10,000 drug-naive 
diabetic patients starting with HbAlc £ 8.0, showed that those starting on nateglinide 
would attain 21 months with dual control compared to 18 months for those starting on 
metformin. Total savings of USD $295 with incremental savings of USD $122 per 
month with dual control were projected on nateglinide treatment, mainly resulting 
from fewer visits and treatment changes. This finding was sensitive to the price of the 
drug and the starting HbAlc. 

Conclusious: Achieving dual glycemic control can be more efficiently attained by 
starting patients on nateglinide than on metformin and this can yield savings in the 
costs of managing patients with type 2 diabetes. 
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T*ARDIS: The economic Impacts of Type 2 Diabetes on the individual and 
their carer are far reaching 

Bottomley, J S Gillam, 5 J Holmes, 4 M Murphy and J R Williams (on behalf of 
The T : ARDIS Steering Committee and UK centres): 'GlaxoSmithKline, Welwyn 
Garden City, UK; King’s Fund, London; Economists Advisory Group, 
London; 4 Diabetes UK, London, ’Nuffield Institute for Health, University of Leeds 

Background and Aims: Type 2 diabetes is a life-long commitment for patient and 
family. The aim of the T 2 ARDIS (Type 2 diabetes: Accounting for a major 
Resource Demand In Society) survey was to estimate the total cost of care for 
different groups of people with type 2 diabetes by assessing all direct and indirect 
costs and the intangible costs or quality of life (1,2,3). The focus is the person 
with diabetes and their carer rather than the cost of diabetes perse. 

Material and Methods: A cross-sectional postal survey of a random sample of 
3000 people with type 2 diabetes and their carers in four centres with diabetes 
registers was undertaken. Personal expenditure by patients and their carers, hours 
of informal care, health-related quality of life, the impact on the carer and levels of 
state benefits received were reported. 

Results: 1578 patients and 500 carers responded to the survey. Mean personal 
expenditure for the individual with a carer was significant and exceeded £500 per 
year. Microvascular and /or macrovascular complications increased personal 
expenditure over 3-fold and doubled the likelihood of having a carer. Almost half 
the patients reported problems of mobility or self-carc yet few (9%) accessed 
Social Services. One fifth of carers of patients with long-term complications 
provided over 60 hours of dedicated caring per week. Nearly two thirds of carers 
reported emotional, financial and physical strain. Over 70% of patients and carers 
reported receiving no state benefits. 

Conclusions: The impact of type 2 diabetes is frequently viewed in terms of the 
costs to the NHS. T 2 ARDIS has shown the pervasive impact of the condition on 
individuals and their carers. Complications exacerbate this impact Resources and 
systems must be set in place to prevent complications, thereby improving the lives 
of people with type 2 diabetes, reducing the strain on their carers and potentially 
reducing the impact on the NHS. The diabetes National Service Frameworks in 
the UK expected later in 2001 may provide such an opportunity. 
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QUALITY OF LIFE IN TYPE 2 DIABETES: THE CODE-2 EXPERIENCE. 

R* Mera, A.W. Bakst, and M. Auland. SmithKline Beecham, ColJegeville, PA. 
Background and Alms: The Cost of Diabetes in Europe-Type 2 (CODE-2) was a 
prevalence-based study designed to quantify independent predictors of health utility 
scores (economic and humanistic costs) as derived by the EuroQol, a self- 
administered questionnaire. Materials and Methods: Data were collected from 
4189 patients with Type 2 diabetes (T2D) from Belgium, Italy, The Netherlands, 
Spain, and Sweden. Results: Derived EuroQol scores for patients with 
macrovascular and microvascular complications were analysed (uni = univariate, 
multi = multivariate). Conclusions: Independent predictors of quality of life, in 
order of importance, are: neuropathy, stroke, heart failure, retinopathy, dialysis, 
nephropathy and hypertension. These factors explain 77% of the variability of the 
EuroQol. Data from this study can be used for pharmacoeconomic assessment of 
new antidiabetic agents. 



EuroQol score 

Uni,p 

Multi, p 

All T2D patients 

0.69 (0.68-0.70) 

- 

- 

No complications 

0.78 (0.76-0.79) 

0.000 

- 

Retinopathy 

0.60 (0.58-0.62) 

0.000 

0.000 

Blindness 

0.55 (0.47-0.62) 

0.000 

0.228 

Neuropathy 

0.56(0.54-0.58) 

0.000 

0.000 

Microalbuminuria 

0.62 (0.59-0.64) 

0.000 

0.156 

Nephropathy 

0.51 (0.47-0.56) 

0.000 

0.010 

Dialysis 

0.43 (0.34-0.50) 

0.000 

0.004 

Angina 

0.63 (0.61-0.66) 

0.000 

0.103 

PTCA 

0.65 (0.58-0.71) 

0.174 

0.568 

Hypertension 

0.67 (0.66-0.68) 

0.000 

0.010 

Coronary heart failure 

0.58 (0.54-0.61) 

0.000 

0.000 

Myocardial infarction 

0.67 (0.64-0.70) 

0.049 

0.096 

Stroke 

0.51 (0.47-0.56) 

0.000 

0.000 

Micro-macro 

0.56(0.54-0.59) 

0.000 

- 
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IMPACT OF CARDIOVASCULAR DISEASE ON MEDICAL CARE 
COSTS IN PERSONS WITH AND WITHOUT TYPE 2 DIABETES 
G.A. Nichols and J.B. Brown, Portland, Oregon, USA 

Background and Aims: Diabetes (DM) and cardiovascular disease (CVD) 
greatly increase medical care costs. However, the impact of CVD on types of 
cost and on cost profiles has not been described in contemporary settings. 
Materials and Methods: We compared the prevalence of CVD and 1999 
medical care costs among persons with and without CVD in (1) all 16,180 
full-year members of a large HMO who had diagnosed type 2 DM and (2) a 
like number of control members matched on year of birth and gender. We 
compared the distribution of costs (inpatient, outpatient, and pharmacy) 
among those with and without CVD and DM. We then profiled costs for 
diabetic subjects with and without CVD along the dimensions of age, gender, 
duration of diabetes and gly cemic control. 

Results: CVD was 76% more prevalent in persons with diabetes than in the 
control group (28.7% vs. 16.3%, p<.001), and those with DM were more 
likely to have multiple CVD conditions (14.2% vs. 6,7%, pc.OOl). Inpatient 
costs accounted for 31% of total costs in persons without CVD, but 51% of 
the total when CVD was present, regardless of DM status. Although costs 
were considerably higher across all strata when CVD was present, patterns of 
costs across dimensions differed. For example, costs among those with CVD 
peaked in the 55-64 age group and then declined with age. Among those 
without CVD, however, costs grew steadily with age. Differential cost 
profiles also emerged across duration of diabetes and glycemic control 
categories. 

Conclusions: Although prior studies have established the excessive costs of 
CVD and DM, the current study provides important new information about 
the differential impact of CVD on medical care costs. CVD affects the 
distribution of cost components as well as producing cost profiles across 
patient characteristics that differ from those of patients without CVD. 
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SOCIOECONOMIC DISPARITY IN CORONARY HEART DISEASE 
MORBIDITY AND MORTALITY AMONG DIABETIC PEOPLE IN FINLAND 

E. Forssas, I. Keskimaki, S. Koskinen, and A. Reunanen. STAKES, Outcomes and 
Equity Research; National Public Health Institute, Department of Health and Disability. 
Background and Aims: Coronary heart disease (CHD) is an important complication of 
diabetes mellitus and the main reason for the increased mortality among diabetic people. 
The study analyses excess CHD morbidity and mortality and their patterning according 
to socioeconomic status (SES) in a nation-wide cohort of diabetic people. 

Materials and Methods: Data on Finns aged 35-74 entitled to reimbursement for 
antidiabetic medicines (n=62503) and on non-diabctic referents (n=123709) came from 
the 1990 Social Insurance Register. The data were individually linked to the 1991-1996 
Social Insurance Register on chronic diseases, and National Hospital Discharge and 
Causes of Death Registers. SES data were obtained from the population censuses. 
Results: In 1996 the prevalence of persons entitled to reimbursement for CHD 
medicines was almost three limes higher among diabetic women (8.3%) and over two 
times higher among diabetic men (12.3%) than among referents. Compared to 1990 
figures the highest increase in prevalence was in female lower white-collar (9%) and in 
male blue-collar workers (11%) with diabetes. Overall CHD incidence and mortality 
rates decreased markedly in 1991-1996. From 1991-1993 to 1994-1996 CHD morbidity 
and mortality disparities increased in diabetic women according to disposable family 
income but remained stable according to social class and education. Among diabetic 
men no change in SES disparities occurred in the follow-up. In 1994-1996, the CHD 
incidence and mortality rate in the lowest income quintile related to the two highest 
quintiles were 1.63 (95%-CI:1.37-1.94) and 1.74 (1.47-2.07) for diabetic women, and 
1.34 (1.15-1.55) and 1.48 (1.30-1.68) for diabetic men. In general, SES differences in 
CHD incidence and mortality were larger among non-diabetic than diabetic people. 
Conclusions: The prevalence of CHD increased in diabetic and non-diabetic people, 
although CHD incidence and mortality decreased. Overall CHD morbidity and mortality 
were markedly higher but their SES differences smaller among the diabetic than non- 
diabctic people. SES disparities among diabetic people remained stable, except in the 
lowest income quintile, where women's risk for CHD morbidity and mortality increased. 
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THE VALIDITY OF THE UKPDS RISK EQUATION FOR PREDICTING 
THE LIKELIHOOD OF CARDIOVASCULAR HEART DISEASE EVENTS LN 
TYPE 2 DIABETES 

P. McEwan', A. Bagust 2 , P. Hopkinson 3 , J.R. Peters 4 , and C.J. Currie 4 . 'Cardiff 
University, UK; i lealth Economics Consortium, York University, UK; 3 Glaxo 
Wellcome, Grecnford, London, UK; University Hospital of Wales, Cardiff, UK. 

Background and Aims: The Framingham risk function has been demonstrated to be 
unreliable for predicting the likelihood of CHD events in Type 2 diabetes (T2D). 
Data from the UKPDS have been used to derive a risk equation specifically for people 
with T2D. The purpose of this study was to test the hypothesis that the UKPDS risk 
equation would better predict the likelihood of CHD events in a T2D population than 
would the Framingham equation. 

Materials and Methods: Data were abstracted from the Cardiff Diabetes Database 
that respected the age restrictions for the respective risk functions (>r=507). The 
register had no exclusion criteria. Of 101 CHD events, 35% w ere in female subjects. 
The predicted probabilities of a CHD event were derived and evaluated using receiver 
operator characteristic (ROC) curves. The predictive value of a positive test was 
determined using the upper quartile of risk for each equation to compensate for 
differences in scale. 

Results: The area under the ROC curve was 0.64 for the original Framingham 
equation, 0.65 for an optimised Framingham equation, and 0.62 for the UKPDS 
equation. An equation derived on these data returned an ROC value of 0.68. In the 
same respective order, the predictive value of a positive test was as follows: 0.29, 
0.26,0.26, and 0.32. The null hypothesis was therefore accepted. 

Conclusions: It was concluded that the UKPDS risk function did not offer any 
notable improvement on the Framingham risk equation in predicting the Iikelihod of 
CHD events in T2D. due to the age restrictions for the UKPDS risk function, 56% of 
subjects with T2D were excluded from use in the UKPDS equation. Twenty-eight 
percent of patients in the Framingham equation were excluded. All three equations 
had limitations and require identification and incorporation of additional risk 
components to improve their predictive ability. 
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THE RELATIONSHIP BETWEEN CARDIOVASCULAR RISK AND 
HOSPITAL BED UTILISATION IN PEOPLE WITH TYPE 2 DIABETES 
C.J. Currie 1 , P. McEwan 2 , P. Hopkinson 3 , and J.R. Peters'. 'University Hospital of 
Wales, Cardiff, UK; 2 Cardiff University, UK; 3 GIaxo Wellcome, London, UK 
Background and Aims: The purpose of this study was to classify patients with 
Type 2 diabetes (T2D) by their predicted CHD risk using the Cardiff Risk 
Function, and to estimate the associated UK hospital utilisation of the various risk 
groups, as a proxy for financial treatment costs. Materials and Methods: Using 
the Cardiff Risk Function and data abstracted from the Cardiff Diabetes Database, 
patients with T2D were classified into three groups based on their four-year 
predicted probability (pp ) of a CHD event. Low risk was defined as a four-year 
pp< 0.17, medium risk as 0.17<pp<0.25 and high risk was defined as pp>0.2S. The 
mean number of days spent in hospital from 1996 to 1999 inclusive was used as a 
proxy for hospital costs for all admissions for macrovascular disease events. 
Results: Results are reported using the mean number of bed days by category, 
cross-tabulated by risk and gender. Of the 2718 patients studied, 56% had at least 
one hospital admission during the period. There were 1480 males (mean four-year 
pp=0.23 [SD=O.IO]) and 1238 females (mean four-year pp=0 .19 [SD=0.09]). Mean 
bed days per risk category are tabulated below. Conclusion: There is a defined 
utilisation - thus cost - gradient associated with categories of cardiovascular risk in 
patients with T2D. This study demonstrates that significant cost savings could be 
achieved by reducing the prevalence and severity of CHD complications associated 
with T2D. 



Low risk, 
mean (SD) 

Medium risk, 
mean (SD) 

High risk, 
mean (SD) 

All, 

mean (SD) 

Male 

Female 

8.7 (27.1) 
12.4 (29.9) 

14.2 (29.4) 

17.3 (28.7) 

22.7 (45.4) 

28.7 (45.8) 

16.1(36.8) 

18.1 (36.4) 

All 

10.6(28.7) 

16.0 (31.9) 

24.7 (45.6) 

17.0 (36.6) 
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TYPE 2 DIABETES IMPACT ON QUALITY-ADJUSTED LIFE EXPECTANCY 
A. Bagust 1 , P.K. Hopkinson 2 , R. Mera 3 , A.W. Bakst 3 and C. Currie 4 . 'Health 
Economics Consortium, York University, UK; Glaxo Wellcome 2 Greenford, UK 
and ’Philadelphia, USA; 4 University Hospital of Wales, Cardiff, UK. 

Background and Aims: To estimate the effect of Type 2 diabetes in terms of 
quality-adjusted life-years (QALYs) lost. Materials and Methods: EuroQol scores 
obtained in the Cost of Diabetes in Europe-Type 2 (CODE-2) study w ere applied to 
estimates of life expectancy and the prevalence of complications, produced by an 
established computer model ofType 2 diabetes, for a typical cohort of newly 
diagnosed cases follow ed until death. These were compared with results generated 
for a similar non-diabetic cohort Two aspects of uncertainty w ere addressed by 
sensitivity analysis: the mean EuroQol score appropriate to the non-diabetic cohort, 
and the effect of multiple complications on the combined EuroQol score. Two 
methods of calculating scores for multiple complications were used: using the worst 
score for the complications present and multiplying together the incremental effects 
of each complication. Results: Varying the EuroQol score for non-diabetic patients 
had only limited effect on the size of the effects, and did not alter the relative 
importance of complications. Conclusions: When expressed in QALYs, the effect 
on patients of Type 2 diabetes is very large compared with non-diabetic patients. 
The importance of multiple complications reinforces the need for early intervention. 


Basis for estimating EuroQol score for 
multiple complications (per patient) 

Multiplying 
incremental effects 

Using worst 
score 

Expected QALYs (non-diabetic patients) 
QALYs lost to Type 2 diabetes 

23.0 

23.0 

Reduction in life expectancy 

-3.5 

-3.5 

Living with diabetes (no complications) 

-0.5 

-0.5 

Living with diabetes (single complication) 

-1.7 

-1.7 

Living with diabetes (2+ complications) 

-4.8 

-3.2 

Total 

-10.5 (-45.5%) 

-8.9 (-38.6%) 

Expected QALYs (Type 2 diabetic patients) 

12.5 

14.1 
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EVIDENCE FOR SPATIAL HETEROGENEITY IN INSULIN- AND 
EXERCISE INDUCED INCREASES IN GLUCOSE UPTAKE 
P Peltoniemi, H Yki-Jarvinen, H Laine, V Oikonen, T Ronnemaa, K 
Kalliokoski, O Raitakari, J Knuuti, P Nuutila, Turku PET Centre and 
Department of Medicine, University of Turku, Turku, Finland, Department of 
Medicine, University of Helsinki, Helsinki, Finland 

Background: It is unknown whether resistance to insulin- or exercise- 
stimulated glucose uptake reflects a spatially uniform or nonuniform decrease 
in glucose uptake within skeletal muscle. Materials and Methods; We 
compared the distributions of muscle glucose uptake and blood flow in eight 
patients with type 1 diabetes (age 24±1 years, BMI 22.Ckfc0.8 kg/m 2 ) and seven 
age- and weight-matched normal subjects using positron emission 
tomography, [ 18 F]-fluoro-deoxy-gIucose and [ 15 0]-water. Both groups were 
studied during euglycemic hyperinsulinemia and one-legged exercise. 
Heterogeneity was evaluated by calculating relative dispersion (standard 
deviation divided by mean* 100 %) of glucose uptake (RDg) and flow (RD f ) in 
all pixels within a region of interest in femoral muscle. Results: The exercise- 
induced increment in glucose uptake but not in blood flow was significantly 
lower in the type 1 diabetic patients than in the normal subjects (94±21 vs 186 
±29 pmo 1/kg-min). RD g , but not RD f was increased in the insulin resistant type 
1 diabetic patients both at rest (RD g 3I±1 vs 25±2 %, patients with type 1 
diabetes vs normal subjects, p<0.05) and during exercise compared to normal 
subjects (27±1 vs 21 ±2 respectively, p<0.05). Exercise increased both 
glucose uptake and blood flow several-fold and significantly decreased both 
RD g and RD f . RD S was inversely associated with total glucose uptake (r=- 
0.54, p<0.001, pooled data) and was highest in the most insulin-resistant 
patients. Conclusions: We conclude that both glucose uptake and blood flow 
are characterized by heterogeneity in human skeletal muscle, which magnitude 
is inversely proportional to respective mean values. This implies that an 
increase in glucose uptake in human skeletal muscle is not a phenomenon, 
where each unit increases its glucose uptake by a fixed amount but rather a 
spatially heterogeneous process. 


976 

EFFECT OF EXERCISE TRAINING ON TUMOR NECROSIS FACTOR-a 
SYSTEM, INSULIN SENSITIVITY AND PLASMA LEPTIN IN OBESE WOMEN. 
M. Strqczkowski, S. Dzienis-Strqczkowska, A. Stqpien, I. Kowalska, M. Szelachowska 
and I. Kinalska. Department of Endocrinology, Medical Academy, Bialystok, Poland. 
Background and aims: Tumor necrosis factor-a (TNFa) may play an important role 
in the pathogenesis of insulin resistance and type 2 diabetes. Plasma levels of the 
soluble fractions of TNFa receptors, especially sTNFR2, are good indicators of TNFa 
system activation in obesity. The aim of the present study was to assess the effect of 
exercise training on TNFa system and to evaluate the relationship with the changes in 
insulin sensitivity and plasma leptin. Materials and methods: Sixteen overweight and 
obese women (BMI>27.8 kg'nr): 8 with normal (NGT) and 8 with impaired glucose 
tolerance (IGT), participated in the exercise training program, which lasted for 12 
weeks and included exercise performed on bicycle ergometer at an individual intensity 
of 70% maximal heart rate, 30 min 5 days a week. Anthropometrica! measurements and 
blood biochemical analyses were performed, and plasma TNFa, sTNFRl, sTNFR2 and 
leptin levels were assessed. Insulin sensitivity was evaluated using the 
hyperinsulinemic euglycemic clamp technique (insulin infusion: 50 mU x kg'* x hour* 1 ) 
and normalized for fat-free mass. Results: At baseline, despite similar 
anthropometrical parameters, IGT subjects were markedly more insulin resistant and 
had higher TNFa and sTNFR2 concentrations. Exercise training increased insulin 
sensitivity and decreased TNFa and sTNFR2 levels, while sTNFRl remained 
unchanged. Decrease in sTNFR2 was significantly related to the increase in insulin 
sensitivity (r=-0.70; p<0.005), and to the decrease in plasma leptin (r=0.51; p<0.05). 
The relationship between changes in sTNFR2 and insulin sensitivity remained 
significant after adjustment for the concurrent changes in BMI, WHR, percent of body 
fat, plasma glucose and free fatty acids. Conclusions: Regular physical exercise 
decreases TNFa system activity and that decrease may be responsible for the 
concurrent increase in insulin sensitivity. 
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EFFECT OF EXERCISE ON BODY FAT MASS, SOLUBLE FRACTION 
OF TNT RECEPTORS, LEPTIN AND INSULIN SENSITIVITY 
R.Komasu, S. Ohara, K. Mori, K. Yoncda, Y. Katayama, B. Kishino and 
T. Matsuyama 

Rinku General Medical Center, Osaka, JAPAN 

Aims: Obesity and type 2 diabetes are associated with increased resistance to 
insulia Tumor necrosis factor-a (TNF-a)was reported to inhibit insulin 
action and to play a role in insulin resistance. The soluble fraction of the 
TNF receptors 1 and 2 (sTNFRl and sTNFR2) are thought to reflect the 
degree of activation of the TNF system. We studied the effect of exercise 
training on body fat mass, the TNF system and insulin sensitivity using 
euglycemic hyper-insulinemic clamp combined with an oral glucose 
Methods: Subjects were divided into two groups: Fifteen patients were 
managed by diet alone (Diet group), and twenty-one patients were managed 
by diet and exercise (Exercise group). We calculated insulin-mediated glucose 
uptake by the liver and peripheral tissues before and after treatment 
Results: Body w eight EMI, total grams of fat and lean tissue mass, FPG, IRI 
and serum total cholesterol were decreased significantly in both groups after 
treatment While the %fat of body composition decreased significantly 33.6 
±3.4 % to 31.3+3.6 (Mean±SE) in the Exercise group, but remained 
unchanged in the Diet group after treatment The glucose infusion rate 
increased 4.1+0.3 msykg/min to 4.8+ 0.3 in the Exercise group, but 
remained unchanged in the Diet group. Hepatic glucose uptake and 
TNF-a remained unchanged in both groups. Plasma concentrations of 
sTNFRl and leptin decreased significantly in both groups 
Conclusion: Weight loss induced the decrease of sTNFRl and leptia 
Furthermore, exercise training decreased % Fat of body composition and 
improved insulin sensitivity in peripheral tissue. 
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1 HOUR A WEEK OF EXERCISE IS ENOUGH: A STUDY OF A 3 AND 6 
MONTH EXERCISE PROGRAM IN PATIENTS WITH DIABETES. 

J.B. Holland, JT Furness, SA Griffiths, E Mudge, VJ Parfitt and RC Andrews. 
Diabetes Centre, Frenchay Hospital, EXTEND and University of Bristol, Bristol UK. 

Background and Aims: Reduced physical activity has been identified as a major risk factor for 
Coronary Heart Disease (CHD), with its contribution being as great as smoking and 
hypcrlipidacmia. The exact intensity and frequency- of activity needed to offset this risk is not 
known. In this study we aimed to assess whether a once weekly superv ised exercise class would 
be sufficient to improve cardiac risk factors in patients with diabetes and if so at what time 
interval improv ements would be seen. 

Materials and Methods: Patients who expressed an interest in attending a supervised exercise 
program were referred from their diabetic clinics. No exclusion criteria were applied and places 
on the program were offered on a first come first served basis. 20 people at time were enrolled 
into the program which consisted of an hour long exercise class followed by half an hour of 
education each week. The first program ran for 6 months and the subsequent three programs for 
3 months. Prior to and on completion of the exercise program patients attend for measurement 
of height, weight, waist circumference, HbAlc and cholesterol concentrations and completed a 
well being questionnaire. 

Results: 56 patients (40 F) participated in the 3 month program. Mean age was 60 (34-73) and 
52 had type 2 and 4 type 1 diabetes. This exercise program significantly improved well being 
(22+1 Vs 27+1, p<0.001) and waist circumference (42.9+0.97 V 41.8+0.96, p<0.00001). Body- 
mass index (BMI) showed a trend towards improving (33.9+0.96 V 33.4+0.91, p=0.10), but 
exercise had no effect on HbAlc (8.4+0.2 V 8.3+0.2, p=0.35) or cholesterol (5.4+0.16 V 
5.1+0.13, P=0.18). 18 patients (13F) took part in the 6 months exercise program. Mean age was 
62 (45-77) and 13 had type 2 and 5.had type 1 diabetes. This exercise program significantly- 
improved well being (43+3 V 54+3, p<0.01), waist circumference (40.7+1,6 V 38.9+1.6,p< 
0.001), body mass index (31.3+1.5 V 30.8+1.6, p<0.05), cholesterol (5.5+0.3 V 5.2+0.23, 
p=0.05) and HbAlc (8.9+0.3 V 8.4+0.3, pO.Ol). Triglycerides also showed a trend towards 
improving (2.28+0.26 V 1.98+0.23, p=0.13). Gender or Type of diabetes was not predictive of 
the response to exercise but those who started with the lowest well being score improved the 
most (r=0.94, p 0.001). 

Conclusions: 1 hour a week of supervised exercise is enough to significantly improve many 
risk factors for CHD, provided exercise is continued for at least 6 months. What percentage of 
individuals persist with this exercise pattern once they- arc left on their own still remains to be 
determined. 
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PHYSICAL ACTIVITY BEHAVIOUR AND CORRELATES OF LOW PHYSICAL 
ACTIVITY LEVELS IN PEOPLE WITH TYPE 2 DL4BETES. 

Kirk A, McKay M, Hughes A, Fisher M, Mutrie N, Hillis S and MacIntyre P. Centre 
for Exercise Science and Medicine, University of Glasgow, Scotland. 

Background and Aims: Physical activity is important for Type 2 diabetes 
management. This study evaluates physical activity and related factors in people with 
Type 2 diabetes. Materials and Methods: 36 people with Type 2 diabetes (21M 15F, 
age 56.9±7.4years) completed physical, metabolic and quality of life assessments. Peak 
V0 2 (ml/kg/mln) w as assessed and physical activity was measured by 7-day recall, 
stage of exercise behaviour and an accelerometer. Results: Participants achieved on 
average 1021152 minutes of moderate activity/wk and a peak V0 2 of 20.6 ±6.1. 
Participants in preparation stage of exercise behaviour recorded higher moderate 
intensity activity/wk (p=0.02) and activity counts/wk (p=0.00) than participants in 
contemplation stage, no difference was shown in peak V0 2 . The strongest positive 
associations were minutes of moderate activity/wk with positive w ell-being, total 
general well-being and physical functioning. The strongest negative associations were 
total activity counts/wk and peak V0 2 with BMI(see table). Conclusions: Participants 
were inactive with low cardiorespiratory fitness. Findings suggest BM1 and quality of 
life are important determinants of physical activity in people with Type 2 diabetes. 
Table - Varia bles ass ocia t ed with physical activity levels. *p <0.05; * * p<0.001 


Variable 

Moderate activity/wk 

Activity counts/wk 

Peak VO; 

BMI 

-0.3* 

-0.5* 

-0.5** 

Depression 

-0.4* 

-0.2 

-0.06 

Anxiety 

-0.3* 

-0.2 

-0.08 

Energy 

03 

0.4* 

0.2 

Positive well-being 

0.5* 

-0.002 

-0.1 

Total general well-being 

0.5* 

0.3 

0.06 

Physical functioning 

0.5* 

0.2 

0.4 • 

Energy/vitality 

0.4* 

0.1 

0.3* 

Less pain 

0.3* 

0.2 

0.1 
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Catch-up growth and glucose tolerance in children 

N.J. Crowther, N Cameron*, J Trusler and IP Gray. Chemical Pathology, SAIMR, 
University of the Witwatersrand and ‘Department of Human Sciences, University of 
Loughborough, UK. 

Background and Aims: Childhood catch-up growth (CUG) occurs between birth and 2 
years of age and is a response to poor fetal growth. Studies have shown that rapid weight 
gain between birth and 7 years in low birth weight children has a negative effect on 
glucose tolerance. Therefore, the aim of this study was to determine if CUG affects 
childhood glucose tolerance. 

Materials and Methods: Oral glucose tolerance tests were performed on 7-year-old 
children from the Birth to Ten (BIO) study who displayed catch-up growth (n=23), norma! 
growth (NG; n=29) and catch-down growth (CDG; n=29). Blood samples were taken at 0, 
30 and 120 minutes and analysed for insulin, glucose, proinsulin and des-31, 32 
proinsulin. The B10 study is a longitudinal investigation of childhood health and w elfare 
in 4000 children bora in the Soweto-Johannesburg conurbation. The cohort used in our 
study was selected randomly from African children for whom birth weight and weight and 
height at 2, 4, 5 and 7 years of age were available. Head circumference and skinfold 
thickness were available at 2,4 and 5 years of age. 

Results: (mean±SD): Birth weight was lower in the CUG than CDG group (2.9±0.5 vs 
3.5±0.4 kg; p<0.001) whilst weight at 2 was higher (13.541.9 vs 10.641.3 kg; p<0.001). 
Weight velocity between 1 and 2 years of age was higher in the CUG than CDG group 
(3.1±1.2 vs 1.441.0 kg/year, p<0.001) whilst weight velocity between 2 and 4 years was 
lower (1.241.3 vs 2.3±0.8 kg/year, p<0.001). No differences in height or head 
circumference were noted at any age however arm circumference (17.0±1.1 vs 
15.6±L2mm; pKO.Ol), tricep (6.6±2.4 vs 5.2±I.5mm; p<0.05) and subscapular (6.9±L8 vs 
5.841.0mm;p<0.05) skinfold thickness’ were significantly higher in the CUG than CDG 
children at 2 years. The NG children had values intermediate between those of the CDG 
and CUG groups for all these variables. Weight at 7 was the same in all 3 groups. The 
fasting, 30 and 120 minute insulin, proinsulin, des-31, 32 proinsulin and glucose levels 
were not different between the groups. 

Conclusions: CUG and CDG are mainly due to relative changes in soft tissue mass. CUG 
is follow-ed by a period of slower and CDG by a period of faster growth after the age of 2 
resulting in similar weights for the 3 groups by the age of 7. Neither CUG or CDG affects 
glucose tolerance. Therefore, CUG on its own does not have a negative effect on 
childhood glucose tolerance. This suggests that the poorer glucose tolerance observed in 
the low birth weight children who display relatively high childhood weight gain m3y be 
the result of a sustained neriod of ranid erowth which exceeds that of CUG. 
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Insulin Resistance and its Metabolic Impact in Five-Year-Old Children 
L.D. Voss, T.J. Wilkin, S.M Howdle, A.N. Jeffery’, B.S. Metcalf and MM Murphy. 
Derriford Hospital, Plymouth, UK. 

Background and Aims: Insulin resistance (IR) is believed to underlie type 2 diabetes 
and the metabolic syndrome, but it is unclear how early in life IR is acquired nor how- 
strong its impact The hypothesis is that IR, and the metabolic disturbances it causes, 
are acquired (rather than programmed) early in childhood and are, as such, 
preventable. 

Materials and Methods: EarlyBird is a prospective cohort study monitoring 300 
healthy children from school entry at 4/5 years through childhood. The cohort was 
reviewed at six-month intervals for anthropometry and measures of IR by homeostasis 
model assessment (HOMA), glucose, blood pressure and lipids. Physical activity 
(CSA accelerometer) and resting metabolic rate (indirect calorimetry’) are added 
annually. Baseline data from the first 155 children (mean 4.8 y) and their parents are 
presented here. 

Results: The girls (G) were of the same body weight (mean 19.5 kg), but of higher 
BMI with lower waist/hip ratios than the boys (B), and were significantly more 
insulin resistant (p<0.001). There was no correlation between IR at 5y and 
birthweight in either sex. There were, however, strong correlations between IR and 
current weight in mothers (r=0.66) and daughters (r=0.41), less so in fathers (r=0.52) 
and sons (r=0.11). Fasting insulin levels correlated strongly with IR over the range of 
IR in the children (r=0.98, p<0.001) but decreasingly so in those adults with higher 
IR. Glucose (B r=0.33; G r=0.28) and LDLChol (G r=0.25) were significantly 
correlated with IR at 5y (p<0.05), and variably with current weight 
Conclusions: 1) Weight-related metabolic disturbances are already detectable at 
school entry-. 2) Weight at birth does not predict IR in today’s children, while current 
weight best predicts IR. 3) The relationships at Sy betw een IR and body size, and 
between IR and metabolic disturbance, were confined to girls. The reasons for sexual 
diversity at such a young age are not clear, although differences in physical activity 
(also measured by the EarlyBird Study) may be a factor. 4) IR, and the metabolic 
disturbances which result, are potentially preventable by avoidance of early weight 
gain. 
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The National Paediatric Diabetes Audit 

A.H.K. Smith. Research Department, Diabetes, London, UK 

Background and Aims: The National Paediatric Diabetes Audit was initiated in July 1999 by 
Diabetes UK with the overall aim of facilitating, within the next 5 years, a national audit 
mechanism to develop a cycle of continuous quality improvement in paediatric diabetes care 
throughout the UK. The project aims to compare care provision for children with diabetes in 
different areas of the UK, to monitor Declaration of Kos targets, to measure intermediate 
outcomes relevant to children (HbAlc, hypos, hospital admissions) and to proride a resource 
for investigations into effective audit methodologies for diabetes in children & adolescents. 
Material* and Method*: Anonymous demographic data and simple intermediate outcomes in 
the year 2000 for children aged 0-16 were collected and aggregated centrally. Data was 
collected from 49 centres within the UK, creating a cohort of 5023 patients. Informed written 
consent was gained from patients. Data fields were date, NHS number, postcode at diagnosis, 
ethnicity, sex, truncated date of birth, truncated date of diagnosis, type of diabetes, current 
postcode, death during the year, number of admissions with diabetic ketoacidosis (DKA) during 
the audit year, number of severe hypos during the audit year, the latest HbAlc result and the 
DCCT slants of the testing laboratory. Postcodes were converted to Cars tan's deprivation 
quintiles. Data was analysed using SPSS. 

Results: The mean age is 11.4+3.5 years (n=5023X and the mean duration of diabetes is 
4.5±3.4 years (m=4919). The mean age at diagnosis is 7.4±4.0 years (n=4984). 59.8% have 
ethnicity recorded (n=3000> Of these, 90.2% are Caucasian (n=2705). 46.9% are femal e 
(n=2354). 88.5% have type of diabetes recorded (n=4447). Of these, 98.6% have Type 1 
diabetes (n=4386). 55.7% have a DCCT-standardised HbAlc result (n=2797X 55.6% have a 
record of whether they have been admitted for DKA (n=2795) and 51.9% have a record of 
whether they have experienced a severe hypo (n=2605> No patients have died. Significant 
associations with increasing HbAlc level are found for centre (pO.OOl), ethnicity (any ethnic 
minority vs. white, p<0.0001X deprivation (the 2 most deprived quintiles vs. die 2 least 
deprived quintiles, p=0.002), increasing age (15-16 years vs. 0-4 y ears, p<0.0001) and duration 
of diabetes (10 years vs. 1 year duration, pO.0001). Deprivation significantly affects the 
number of admissions for DKA (the 2 most deprived quintiles vs. the 2 least deprived quintiles, 

p=0.001> 

Conclusions: Poorer outcomes for children with diabetes are associated with increasing 
deprivation, increasing age, increasing duration of diabetes, and non-white ethnicity. These 
results will be fed back to participating centres, allowing them to focus the care they provide. 
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INSULIN AUTOANTIBODIES AS AN AGE DEPENDENT RISK MARKER 
FOR TYPE I DIABETES IN CHILDREN OF DIFFERENT POPULATIONS 
W. STANKIEWICZ, P.FICHNA, E.KORMAN and M.REWERS* - Institute of 
Pediatrics, University School of Medical Sciences, Poznan ( Poland ) and 
•Department of Preventive Medicine and Biometrics, University of Colorado, Denver 
(USA) 

Background and Aims: Insulin is only one specific autoantigen for B cells. So, its prediction 
power for type I diabetes seems to be higher than other markers are. Aim of this study was to 
compare insulin autoantibodics (IAA) appearance in newly diagnosed diabetic children from 
populations which are characterised by different incidence rate for type I diabetes in 0-15 yr. 
old children i.e. Colorado 18-20/100,000 >t. and Wiclkopolska 8.6/100,000/yx. 

Materials and Methods: newly diagnosed diabetic children ( 0-15 years old ) from 
Wiclkopolska (Poland) and Colorado (USA) were divided into subgroups according to sex and 
age. Sera from patients, as well from their siblings and parents, were investigated for IAA 
presence. IAA were measured by radioimmunoprccipitation method using 1125 labelled insulin 
and results ( expressed in arbitrary units - AU ) were positive when exceeded 42 AU/ml. 
Another autoantibodies ( GADab, ICA512) were estimated too. 

Results: IAA as only one autoantibody (10.3% vs. 5.3%) or even coexisting with others ( 
65.4% vs. 51.11%) w ere found more frequently in Colorado than in Wiclkopolska children (x2- 
test), however, their appearance was dominating in the youngest subgroups in both populations: 
in Colorado 0-4 years old: 90.9%, 5-9>t-: 76.7%, 10-15>t.: 53.8% and in Wiclkopolska 100%, 
60%, 41.8% respectively. Boys seemed to be more prone than girls to reveal IAA in both 
cohorts, however without statistic significance. Additionally, IAA serum level ( AU mean +/- 
SD) was highest in the youngest children in Colorado ( 0-4 years old: I413+/-1281, 5-9yr.: 
693+Z-732, 10-15yr.: 343+/-563), when in children from Wiclkopolska its concentrations were 
highest in the oldest subgroup (0-4 >t.: 288+/-193,5-9yr.: 618+/-731,10-15yr.: 1105+/-1455) 
if evaluated by Mann-Whitncy statistics. When IAA were found together with other 
autoantibodics, their age dependent profile overcame characteristics specific for GADab and 
ICA512 distribution. 

Conclusions: IAA arc the most predictive risk marker for type 1 diabetes in the youngest 
children. Their appearance is in relation to type 1 diabetes incidence rate in different 
populations. 
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CLINICAL AND SUBCLINICAL ORGAN-SPECIFIC AUTOIMMUNE 
MANIFESTATIONS IN TYPE 1 DIABETIC CHILDREN 
A. Kfirncr, A. Arat6 and L. Madacsy, 1* Dept. Pediatrics, Semmehvcis University, 
Budapest, Hungary 

Background: Autoimmune disorders (AD) are known to be clustered in the same 
person. The aim of the study was to evaluate the prevalence of other AD in our 
patients with type 1 DM. Material and Methods: Four hundred children (age: I.I- 
19.25 years) with type 1 DM have been investigated. Diagnosis of different AD 
was made either by clinical symptoms or by specific serological screening. 
Screening for celiac disease (CD) was performed in 194 diabetic children by anti- 
endomysium antibody (AEA) test. In subjects, tested positive for AEA. diagnosis 
of CD was confirmed by jejunal biopsy. Screening for thyroid disease (TD) was 
performed by anti-thyroglobulin and anti-thyroid peroxidase antibodies in 90 
diabetic patients parallel to the determination of scrum thyroid hormone and 
thyroid stimulating hormone levels. Results: Overall, 42 (21.6 %) AEA positive 
subjects were detected. Diagnosis of CD was confirmed by jejunal biopsy in 31 
children (16 %). High titers of at least one thyroid related auto antibody were 
present in 12 out of 90 diabetic children (13.3 %). Among those, tested positive 
for anti-thyroid antibodies, hyperthyroidism was diagnosed in 2 children (2 %) 
and hypothyroidism was found in 6 patients (6.7 %). In the whole diabetic 
population 29 children (7.3 %) had vitiligo, and juvenile rheumatoid arthritis was 
diagnosed in 1 child. Co-occurrcncc of type 1 DM with other AD was observed in 
62 children (15.5 %). Fifty five diabetic patients (13.8 %) were suffering from 1; 6 
patients (1.5 %) in 2 additional AD. One diabetic patient had type 3 polyglandular 
syndrome. Age at onset of diabetes appeared to be significantly (p<0.05) low er in 
patients with multiple AD than in children with DM alone. Conclusions: In 
diabetic children, the most prevalent autoimmune manifestations arc celiac 
disease and thyroid disorders. Both diseases can be initially clinically silent, 
detected only by specific screening tests. Early onset type 1 DM confers an 
increased risk for multiple autoimmune disorders. 
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CHARACTERIZATION OF 4S PAEDIATRIC PATIENTS WITH DOWN 
SYNDROME AND DIABETES MELLITUS. 

RAV. HoII, A Thon, M Grabert, AG Dost, B Rami and E Schober for the DPV-Wiss- 
Group, Universities of Ulm, Hannover, Giessen and Vienna. 

Background and Aims: While most paediatric patients with diabetes are type-1, rare 
forms of the disease do exist in childhood and adolescence. An increased incidence 
of diabetes is well recognised in patients with Down syndrome (trisomia 21), 
currently classified as type-3 diabetes/other genetic syndromes associated with 
diabetes'. While several case-reports illustrate this association, few reports on large 
groups of patients with Down syndrome and diabetes mellitus do exist so far. 

Materials and Methods: In Germany, most paediatric diabetes centres use a common 
structured prospective documentation system, DPV. Anonymized data are available 
for centralized descriptive analyses. By March of 2001, this database consisted of 15 
126 diabetes patients younger than 20 years of age, which were treated at 117 
paediatric centres in Germany and Austria. 

Results: 48 patients (20 boys, 28 girls) were diagnosed with Down syndrome. These 
patients were compared to 14809 patients with type-1 diabetes (7713 boys, 7096 
girls). The mean age at diagnosis in patients with Down-syndrome and diabetes was 
7.25 years compared to 7.98 years in paediatric patients with type-1 diabetes (n.s.). 
At the most recent exam, age averaged 14.4 years (13.0 in type 1 diabetes). Height- 
SDS was -2.47 ± 1.09 for DM-T21 (+0.30+1.16 for Tl-DM). BMI > the 90th 
percentile was present in 20.8 % of DM-T21 (17.9 % in Tl-DM). Insulin dose 
averaged 0.86 U/kg and day in DM-T2I (0.83 U/kg in Tl-DM). On average, patients 
with T21-DM received 3 injections per day compared to 3.5 injections in Tl-DM 
(p<0.0001). Metabolic control tended to be better in DM-T21 (mean HbAlc: 
7.63±1.37 %) compared to Tl-DM (8.22+1.93 %; p=0.06). 

Conclusions: In a large paediatric sample, diabetes in Down syndrome follows type- 
1, type-2 and CF-related diabetes in prevalence. Patients with Down syndrome are 
significantly smaller and tend to be more overweight. While more patients are on 
conventional therapy, insulin doses and metabolic control are similar. 
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Infantile Type I Diabetes Meilitus and Acute Liver Failure. A New 
Mitochondrial Depletion Syndrome? 

HJ. Bodansky, D. Haigh, S.R. Gorman, P. Holland, C. Bennett. General Infirmary at 
Leeds, Si Luke’s Hospital, Bradford, Si James' University Hospital, Leeds. 

Background and Aims: Insulin-requiring diabetes presenting in the first few months 
of life is rare, with an incidence in the first 3 months of 1 in 450,000. At leased 50% 
of these children have only transient insulin requirements. Of those with permanent 
diabetes, only three sets of siblings have been described in the literature. 

Materials and Methods: We report a consanguineous pedigree with four children: 
non-identical twins in one family and a sib pair in the second. 

Results: All developed insulin-requiring diabetes within the first four months of life. 
Three of the four affected individuals developed acute liver failure during intercurrent 
viral illnesses and died. Post-mortem histology revealed acute fatty degeneration of 
the liver in all three children, as well as a reduction in the size of the Islet cells within 
the pancreas. The fourth child now aged 10 is still insulin dependent, has growth 
failure, chronic renal impairment, and liver disease which has been shown to be 
exacerbated by intercurrent infections. We found no reports of Type I diabetes and 
coexisting liver disease in the literature. 

Extensive investigation of the affected sib pair has shown a Mitochondrial Depiction 
Syndrome. Mitochondrial DNA levels were reduced to 16% of normal values, in 
muscle tissue, obtained from the sibling of the surviving child. 

Conclusions: This is the first report of permanent early onset Type I diabetes and 
liver dysfunction in association with a Mitochondrial Depletion Syndrome 
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IMPAIRED GLUCOSE TOLERANCE, INSULIN RESISTANCE AND 
INFLAMMATORY MARKERS IN OBESE CHILDREN. 

C. Invitti', G.Guzzaloni 2 , L. Gilardini 1 , F. Morabito 2 and G.C. Viberti 3 . 'Depl 
DiabeL Metab., Istituto Auxologico Italiano, Milan, Italy; 2 Dept. Auxology, Istituto 
Auxologico Italiano, PiancavalJo, Italy; 3 Dept. Diab. Endocrinol., King's College 
London, Guy’s Hospital, London, UK. 

Background: Type 2 diabetes is a growing problem in childhood and seems to be 
related to an increasing rate of obesity. Aims: In a cohort of obese children of 
Caucasian origin we have a) studied the prevalence of IGT, 1FG and diabetes, b) 
determined the contribution of insulin resistance/secretion to glucose tolerance and 
c) examined inflammatory markers related to risk of diabetes and cardiovascolar 
disease. Subjects and Methods: 574 obese children (282 males, 292 females), mean 
age 14 >t (range 6.3-17), mean relative body weight (RBW) 183±29% were studied 
between 1994 and 2000. A 75g OGTT was performed and samples for estimation of 
blood glucose (BG), insulin, lipid profile, fibrinogen (Fg) and C reactive protein 
(CRP) were taken. Insulin sensitivity was calculated by HOMA-IR and (5 cell 
function by insulinogenic index: ins30'-ins07glu30 , -glu0’ (AI30/AG30). Results: 
None of the children had diabetes, 24 (4.2%) had IGT, 2 of whom also had IFG. 
Compared to NGT subjects, IGT subjects showed female preponderance (1.7:1), 
were slightly older (15±2 vs 14±3yr, p<0.05), had a stronger family history of type 
2 diabetes (70 vs 50%, NS) and similar RBW. Tanner II-IV stages were 21% in 
IGT and 27% in NGT(NS). In a multivariate regression analysis, HOMA-IR was 
positively and AL30/AG30 was negatively and independently correlated with the 
2hBG (p<0.0001 for both). Fasting lipids, Fg and CRP were not correlated with 
2hBG, but total tryglicerides (TG) and Fg showed, in a regression model, a 
significant correlation with HOMA-IR (p<0.0001 and p^0.042 respectively). There 
was no correlation between these indeces of inflammation and AI30/AG30. TG and 
Fg increased with pubertal development and with increasing RBW. Conclusions: In 
obese children the prevalence of IGT is high and appears to be dependent on 
derangements of both insulin sensitivity and insulin secretion. Levels of 
inflammatory proteins and triglycerides are not directly related to glucose 
intolerance, but TG and Fg are associated with the degree of insulin sensitivity. This 
suggests an aggregation and possible pathogenic sequence of risk factors for both 
diabetes and cardiovascolar disease in obese children. 
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PRE PRANDIAL VERSUS POSTPRANDL\L INSULIN ASPART 
TREATMENT IN TYPE 1 DIABETIC CHILDREN AND ADOLESCENTS 

T. Danne, J.Aaman, E.Schober, D.Deiss, J.L.Jacobsen, H.H.Friberg for the ANA 
1200 Study Group, Kinderkrankenhaus auf der Bult, Hannover, Germany 

Background and Aims: While insulin is usually injected preprandially (PREP) to 
obtain adequate postprandial glycemic control, postprandial (POP) injection would 
offer the advantage of meal size adjusted dosage. This trial compared the glycemic 
control of PREP vs. POP injection of insulin aspart (IAsp) in children and adolescents 
with type 1 diabetes. 

Materials and Methods: 76 children (6-12 years) and adolescents (13-17 years) 
were randomized to PREP and POP treatment with IAsp as part of a basal-bolus 
regimen in a multicentre study (9 pediatric centers in Austria, Germany and Sweden) 
with an open labeled, two period cross-over design (six w eek periods). PREP being 
immediately before meal start, and POP after the meal (max. 30 min. after meal start). 
Baseline characteristics were: 55% <13 years; 49% boys; diabetes duration: 3.7 (1.0- 
9.4) years; baseline HbAlc: 7. 6 (4.7-11.4)%. Standard dose-adjustment algorithms 
were used for dose optimization based on self-measured blood glucose levels. 

Results: Glycemic control for POP treatment was non-inferior to PREP treatment as 
assessed by fmetosamine (0 vs. 6 weeks: PREP: 367±74 vs. 378±90; POP 383±83 vs. 
385±77pmol/l;p=0.24) and HbAlc (PREP: 7.9±1.5 vs. 8.0±1.5%; POP 8.0±1.4 
vs.8.3±1.5%, p=0.14) . Also, the average blood glucose concentration on profile day 
(PREP vs. POP: 8.5±0.3 vs. 9.2±0.4 mmol/1; p=0.0S), and the average prandial blood 
glucose increment (-0.28±0.23 vs. -0.10±0.38; p=0.74) was comparable. Three 
severe hypoglycemic episodes occurred (PREP: n=2; POP: n=l). A total of 1007 
hypoglycemic episodes (blood glucose <3.9 mmol/1) were recorded during the study 
with no difference between treatment regimens (relative risk PREP to POP 1.1 (0.9- 
1.3), p=0.31). No significant differences were found between children and adolescents 
in any of the parameters above. No safety concerns were raised during the trial 
(frequency of drug related adverse events or changes in hematology/biochemistry). 
Treatment satisfaction was equally high in patients and parents with both regimen. 
Conclusions: Although preprandial administration of IAsp generally is preferable, our 
study shows that in children and adolescents postprandial administration of IAsp is a 
safe and effective alternative. 
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Changing phenotype: Are more youngsters with IDDM obese at onset? 

I. Libman, M.Pietropaolo, S. Arslanian, R. LaPorte, D. Becker, University of 
Pittsburgh, Pittsburgh, PA, U.S.A. 

It is generally believed that children diagnosed with insulin-dependent diabetes 
meilitus (IDDM) are not obese at onset. In order to evaluate if there has been a 
change in this assumption, we compared the prevalence of obesity (PO) (defined as 
BMI > 85th percentile) at onset in all Blacks < 20 years of age matched with Whites 
by age and year of diagnosis, diagnosed during two different periods: 1979-1989 
(Period I) and 1990-1998 (Period II) and its relationship with demographic and 
autoimmune characteristics. There were 71 children diagnosed during Period I and 
115 diagnosed during Period II. 

The prevalence of obesity increased from 12.7% (Period I) to 36.5% (Period 11) 
(p=0.0004). The same increase was seen in both males and females. The prevalence 
of obesity in Whites increased from 2.8 (I) to 16.4% (II) (p=0.04) and in Blacks from 
22 (I) to 55% (II) (p=0.001). In the younger age group (< 11 years), PO increased 
from 2.8% to 16.6% (p=0.06) and in the older age group from 22% to 48% (p=0.009). 
In children who were positive for at least one islet cell antibody (either ICA, GAD65 
or IA-2) (86%), PO went from 8.2 to 29.9% (p=0.001). However, PO in the group 
that had no autoantibodies (14%) was not significantly different between the two 
periods. In the multivariate logistic regression, period of diagnosis as well as race, 
age at onset and autoimmunity, were associated with obesity. 

It is concluded that, at onset of IDDM, prevalence of obesity has more than doubled 
from the 1980's to the 1990's. This increase was seen in males and females. Whites 
and Blacks, adolescents and in children with evidence of autoimmunity. This leads to 
speculate that obesity may be an accelerating factor at onset of the disease and may be 
contributing to the increase in incidence seen in some populations. 
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Psychological Aspects of Diabetes 
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The role of self-efficacy in self-management of type I diabetes: Development and 
validation of the Confidence fn Diabetes Self-care scale (CIDS) in Dutch and US 
patients. 

N C.W. van der Ven, K. Weinger, J. Yi, F.J. Snoek. Department of Medical 
Psychology, Vrije Universiteit Medical Center, Amsterdam, the Netherlands, 
Behavioral Research Section, Joslin Diabetes Center, Boston MA, USA- 

Background and Aims: Sdf-eflicacy, the individual's perceived ability to perform diabetes 
self-care tasks, is predicitive of actual sclf-care behaviour and of clinical outcomes in persons 
with diabetes. The objective of this study is to examine the psychometric properties of the 
Confidence In Diabetes Sclf-care (CIDS) scale, a newly developed instrument to assess sclf- 
efficacy in patients with type 1 diabetes in Dutch and US patients. 

Materials and Methods: The CIDS, containing 20 items reflecting all aspects of self-care, was 
completed by 151 Dutch (NL) and 190 US patients. Other measures included the Problem 
Areas in Diabetes (PAID) and the Hypoglycemia Fear Survey (HFS). Different measures were 
used to assess self-esteem, sclf-care behaviour, anxiety and depression (all scores were 
transformed to a 0-100 scale). HbAlc was assessed. 

Results: Samples show very similar characteristics (Aec NL 43.2 sd 13.4; US 42.6 sd 13.1; 
Duration of DM NL 21.8 sd 13.0; US 22.2 sd 13.5; % Female NL 51.7; US 60.5; HbAlc NL 
8.1 sd 1.3; US 8.3 sd 1-5; HFSwony NL 28.0 sd 16.8; US 30.7 sd 20.3, All NS, PAID NL 21.5 
sd 16.0; US 36.0 sd 24.0, p=000) and CIDS scoring patterns (NL 83.0 sd 11.5; US 85.0 sd 
12.5; NS). Scores indicate high levels of sclf-efficacy, with US men scoring significantly higher 
than US women (87.6 sd 11.2 vs. 83.4 sd 13.0 p=.02). Internal consistency of the CIDS was 
high in both samples (Cronbach's a NL .85; US .89). Moderate correlations with other measures 
in the expected directions (PAID NL -.45**; US -.51**; HFSwony NL -.03; US -.34**) 
support construct validity while indicating that the CIDS reflects a unique construct (*p<.05 
**p<.01). Other constructs also showed moderate significant correlations with CIDS scores 
(Self-esteem NL .16*; US .36*; Self-care behaviour NL .47**; US .47**; Anxiety NL -.23**; 
US -.29**; Depression NL -.17*; US -.29**). HbAlc was significantly associated with CIDS 
scores in the US sample only (NL .09 NS; US -.36**). CIDS scores in a sample of t>pc 1 
patients in poor glyccmic control taking part in a RCT aimed at improving HbAlc by means of 
Cognitive Behavioural Group Training were significantly lower (72.4 sd 12.8; p=.000; n=39). 
Conclusions: The Dutch and US version of the CIDS demonstrated high psychometric 
equivalency, allowing for cross-cultural comparison. Lower CIDS scores in a sample of 
patients in poor control support the usefulness of the CIDS as a screening tool to identify 
patients with suboptimal levels of sclf-efficacy. 
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The quality of life of patients with type 1 and type 2 diabetes mellitus and 
impact on quality of diabetes care - JEVIN, a population-based survey 

A. Rillig, R. Schiel . A. Braun and U. A. MQIIer, University of Jena Medical 
School, Department of internal Medicine II, Jena, Germany 
Background: JEVIN (Jena’s St. Vincent Trial) is a prospective, 10-years-foIlow- 
up, population-based survey of all insulin treated patients with type 1 and type 2 
diabetes mellitus aged 16 to 60 ys and living in the city of Jena (100,000 
inhabitants). Methods: In 1989/90 190 patients, in 1994/95 244 patients and in 
1999/2000 362 patients (90% of the target population) were examined. Quality of 
life and treatment satisfaction were assessed using standardised questionnaires 
according to Bott et al. (subscales: social relations, leisure time flexibility, physical 
complaints, worries about future, diet restrictions, daily hassles, well-being, fear of 
hypogiycaemia). Results: Type 1: In 1999/2000 questionnaires of 102/133 
patients (77%, age 44.4112.3, diabetes duration 17.8H2.2 ys, BMI 26.0+3.6 
kg/m 2 , HbAlc 7.89±1.53% (HPLC, Diamat®, norma! range 4.5-6.3%) were 
analysed. The diabetes duration was associated with social relations (R-square= 
0.057, G=0.24, p=0.02), symptoms of neuropathy (examined according to Young et 
al.) were associated with physical complaints (R-square=0.034, B=-0.21, p=0.042) 
and both parameters were associated with worries about future (R-square=0.098, 
diabetes duration B=0.23, p=0.031, symptoms of neuropathy B=-0.28, p=0.009). 
Patients w'th an HbAlc below 7% had a better well-being (80.7±19.3% [n=47] vs 
70.7±22.4% {n=55J, p=0.018). There were no associations between the number of 
insulin rnjections/day, the frequency of blood-glucose self-monitoring or intensified 
insulin therapy and quality of life. Type 2: Questionnaires of 192/229 patients 
(84%. age 56.817.6, diabetes duration 14.H8.4 ys, HbAlc 8.0911.37%) were 
analysed. Patients with more than 2 insulin injections had a lower quality of life 
(58.0+20.9% [n=94j vs 65.5+19.2% [n=98], p=0.011) and poorer results in the 
subscales fear of hypogiycaemia (53.4±28.7% vs 64.0±25.4%, p=0,008). social 
relations (67.8125.2% vs 76.2121.5, p=0.014) and worries about future 
(41.8+24.1% vs 49.7126.0%, p=0.031). There was a positive correlation between 
the quality of life and the frequency of blood-glucose self-monitoring (r=0.2, 
p=0.005). Conclusions: In patients with type 1 diabetes intensified insulin therapy 
is not accompanied with lower quality of life, but with better quality of diabetes 
control. Patients with type 2 diabetes and more than 2 insulin injections per day 
had a lower quality of life. For these patients therapy should follow the most easy 
insulin regimen. Neuropathic complaints need a consequent treatment strategy. 
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RANDOMISED TRIAL OF PROBLEM ORIENTED PSYCHOTHERAPY 
FOR TYPE 1 DIABETIC PATIENTS WITH COMPLICATIONS. 

P.T. Sawicki 12 , J. Kruse 2 , N. Schmitz 2 , P. Stucckenschneider 2 and U. Didjurgeit 1-2 . 
’St-Franziskus Hospital, Cologne and 2 H.-H. University of Ducsscldorf, Germany. 
Background and Aims: The presence of diabetic complications is significantly 
associated with psychosocial problems, lower quality of life and depression. Such 
patients often suffer from poor self-care resulting in sub-optimal metabolic control. 
Therefore, w e have performed a randomised controlled trial on the effects of a 
problem-oriented, short-term psychotherapeutic intervention on self-defined 
psychosocial problems and metabolic control in Type 1 diabetic patients with 
microvascular complications. Materials and Methods: 46 Type 1 diabetic patients 
with diabetic nephropathy, retinopathy and neuropathy participated in the study. 24 
patients (age 36±9 years (mcan±SD ), 14 women, diabetes duration 23±9 years, 
HbAlc 9.1±2.0%) were randomised to receive a structured, problem-oriented, short¬ 
term psychotherapeutic intervention (Intervention Group = IG). 22 patients were 
randomised to the Control Group (CG) (41± 10 years, 13 women, diabetes duration 
25±10 years, HbAlc 8.7±1.7%), who received medical care in a specialised diabetes 
university clinic. Each patient could define up to three psychosocial problems (no. 1, 
no.2 and no.3), the severity of the problems w as measured on a 1 to 10 graded scale. 
Severity of disease related symptoms was assessed using the Symptom-Check-List 
90-R, quality of life w as measured using the IRES questionnaire and depression was 
evaluated according to the ZERSSEN questionnaire. Two patients (one in each 
group) died during the study period. All remaining patients were followed for six 
months. Results: Problem scores were high at baseline in both groups: 1G/CG: 
problem no.l: 7.8±2.0/8.3±1.7; problem no.2: 7.7±2.3/7.6±1.8 and problem no.3: 
7.7±2.3/7.4±2.6. At follow-up, all problems w ere significantly lower in the 
Intervention Group: IG/CG: problem no.l: 4.3±2.9/6.8±3.0, p=0.03; problem no.2: 
3.9±2.4/5.8±2.8, p=0.03; problem no.3: 4.7±2.4/6.8±2.4, p=0.02). HbAlc decreased 
in the intervention group by 0.6±1.2% and increased in the control group by 
0.1 ±0.7%, p=0.016. In patients with HbAlc values above 8%, HbAlc decreased by 
I.0±1.2 % in the IG and increased by 0.1±0.7% in the CG, p=0.011. Severity of 
disease symptoms, quality of life and depression scores were not significantly 
different. Conclusions: A structured problem-oriented short-term psychotherapeutic 
inten-ention decreases the severity of psychosocial problems and improves 
metabolic control in Type 1 diabetic patients with microvascular complications. 
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THE EFFECT OF COPING ON GLYCEMIC CONTROL, COMPLICATIONS, 
AND SELFCARE IN TYPE 1 AND TYPE 2 DIABETICS 
B. Turan, Z. Osar*, J.M. Turan, T. Damci*, and H. Ilkova*. Institute for Behavioral 
Studies;*Istanbul University, Cerrahpa§a Medical Faculty Diabetes Division, Turkey 
Aim: Coping is defined as the behavioral and cognitive efforts used to deal with 
stressful events. In this study, we aimed to explore how coping with the disease 
affects the following health outcomes in type 1 and type 2 diabetic adults: treatment 
adherence, glycemic control, and complications. Materials and Methods: Self- 
report questionnaires were completed by 107 type 2 (age 59.3111.1) and 89 type 1 
patients (age 29.0111.0) treated with insulin. Coping was measured with the 
Diabetes Coping Measure, which has four subscales: avoidance, passive resignation, 
tackling spirit, and lack of integration. Adherence to insulin injections (All), home 
blood glucose measurements (AHBGM), and diet (AD) was measured with a 
modified version of the Summary of Diabetes Self-Care Activities Questionnaire. 
The questionnaire also included questions about acute and chronic complications. 
Glycemic control was assessed by HbAi c (HPLC-Hitachi). The association between 
the coping strategies and the outcome variables were tested by partial correlation 
analyses as well as by obtaining two second-order coping factors and entering those 
into multiple regression equations predicting the outcome variables. Results: Partial 
correlation analyses (controlling for age, years since diagnosis, marital status, and 
gender) suggest that coping is an important predictor of outcome, and this 
relationship is stronger for type 1 patients. With type I patients 12 out of 20 
correlations (ris between 0 and .37) were significant, whereas with type 2 only 4 
correlations were significant (r*s between 0 and .26). In the regression analyses the 
factor labeled negative coping was significantly but modestly related to all of the 
outcome variables in expected directions (P's between .16 and .33). On the other 
hand, the positive coping factor was associated with only adherence to diet and 
adherence to injections, again in the expected directions (P's between .15 and .17). 
The interaction terms were not significant for any of the outcome variables except 
for injection adherence, suggesting that coping is more important in type 1 only for 
injection adherence. Mediation analyses revealed that adherence only partially 
mediated the relationship between negative coping and glycemic control. 
Conclusions: Coping with illness is an important factor in diabetes, especially in 
type 1 diabetes. Therefore, intervention programs may benefit from including a 
module about coping with diabetes. 
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The relationship between insulin-treated diabetes, job characteristics and health 
outcomes 

I. Weijman (1), W.J.G. Ros (1), GE.RM Rutten (1), W.B. Schaufcli (2), M.J. 
Schabracq (3) and J.A.M. Winnubst (1). 1 University Medical Center Utrecht, 2 
Utrecht University, 3 University of Amsterdam. 

Background and Aims: Because employees with diabetes have to cope both with 
their disease and their work, they are at greater risk of developing health complaints. 
The aim of our study is to gain more insight into the relationship between job 
characteristics (workload and decision latitude) and the health status of employees 
with insulin-treated diabetes. 

Materials and Methods: 293 employed insulin-treated persons with type-1 (n=162, 
response rate 58,9%) and type-2 (n=131, response rate 52,8%) diabetes from three 
hospitals completed questionnaires which assess job characteristics (Questionnaire on 
the Experience and Assessment of Work) and health outcomes: fatigue (Checklist 
Individual Strength), burnout (Maslach Burnout Inventory, 3 subscales) and 
depressive symptomatology (CES-D). Data were analyzed using t-tests and Pearson 
correlations. 

Results: Compared to Dutch reference values for each questionnaire, employees with 
diabetes reported a higher workload (t=4.014; p=.000), more autonomy (t=^6.754; 
p=000), more involvement (t=-4.139, p=000), more fatigue (t=13.462; p= 000), 
more exhaustion (t=3.382; p=.001) and a higher level of depression (t=5.407; p=.000). 
No differences were found with respect to the burnout components depersonalization 
(t=303; p=.762) and personal accomplishment (t=2.016; p=.045). Furthermore, 
higher decision latitude and lower workload were related to better health outcomes. 
Comparing the w orking situation and health status of type-1 and type-2 patients, type- 
2 patients only report more exhaustion (t=-2.092; p=.037). 

Conclusions: The data indicate high levels of health complaints in diabetic 
employees, as well as a relationship between job characteristics and health outcomes. 
This especially emphasizes the need of increasing the decision latitude to promote 
better functioning at work and to minimize fatigue, burnout and depression. 


995 

Determinants of Adherence to Preventative Foot Care: a self-regulatory 
approach. 

L. Vileikyte, H. Leventhal, A. Frndlow, M. Hankins, C. Bundy, C.Waterman, 

M. Becker, J. Ulbrecht, P.R. Cavanagh and A.J.M.Boulton. Dept, of Medicine, 
Manchester Royal Infirmary, Manchester, UK and Dept, of Psychology, Rutgers 
University, New Brunswick, USA 

Background and Aims: To examine the determinants of reported use of effective, 
preventative foot care behaviors (PFCB) in patients with diabetic peripheral 
neuropathy (DN) at high risk of developing foot ulcers. Materials and Methods: Use 
of PFCB was related to demographic factors, disease characteristics, and three types 
of psychosocial factors: social compliance, beliefs about DN and personality traits. 
Tw'elve items assessed use of PFCB. DN was defined by a Vibration Perception 
Threshold of >=25 volts and a Neuropathy Disability Score of >=3. Five items 
assessed social compliance. A theory-based measure assessed 5 areas of common- 
sense representations of DN (C/DN) and two, emotional responses to DN (E/DN). 
The 5 cognitive domains were: 1) identity beliefs (correct and incorrect perceptions of 
DN); 2) time-line (beliefs about DN duration); 3) cause; 4) cure/controllability; 5) 
consequences and emotions of wony and anger. Cronbach’s alphas range: 0.60-0.89. 
Personality traits were assessed with a 44-item version of the Big Five Inventory 
(BFI) and negative affect with the Hospital Anxiety and Depression Scale (HADS). 
Results: 188 patients completed psychological assessment (mean age=62 years, 
diabetes duration =18 years, 71% type 2, 71% male). No BFI or HADS scores were 
associated with PFCB. Female gender, social compliance and C/DN scores were 
significantly associated with PFCB before controlling for other factors. Controlling 
for gender and social compliance, all 5 C/DN beliefs scores and E/DN were 
significantly associated with PFCB (rp range: 0.17 - 0.29; p<0.05). Initial multivariate 
analysis showed that gender and social compliance accounted for 5.2% of the 
variance in PFCB, and C/DN and E/DN an additional 12.1%. The two strongest 
predictors were perceived DN-consequences (beta=0.16; p=0.042) and wony about 
foot problems (beta=0.17; p=0.043). Further analyses will examine the possible 
mediating-moderating effects of C/DN and E/DN on adherence to preventative foot 
care. Conclusions: DN-related cognitions (beliefs) and emotional responses are 
important determinants of adherence to PFCB and should be addressed when 
designing behavioural interventions in a group of DN patients at high risk of foot 
ulceration. 
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A POPULATION BASED STUDY OF FUNCTIONAL HEALTH STATUS 
AND WELL BEING IN ADOLESCENTS WITH TYPE 1 DIABETES. 
M.Graue 1 ' 3 B.R.Hanestad 1 T.WentzcI-Larsen 2 and O.Sovik 3 *Inst of Social Sciences 
and Social Medicine, University of Bergen 2 Center for Clinical Research, Haukeland 
Hospital, 3 Dept of Pediatrics, Haukeland Hospital, University of Bergen, Norway. 
Background and Aims: In adolescents with type 1 diabetes, living with the 
disease and efforts to obtain and maintain good metabolic control may have 
negative impact on the patients' emotional and social well being. The 
objective of the study was to describe functional status and social well being 
in diabetic adolescents from a well defined geographic area, using both 
generic and diabetes-specific instruments. Material and Methods: All 
diabetic adolescents 11-18 yrs old attending the pediatric outpatient 
department at Haukeland University Hospital; Bergen, Norway, were invited 
to participate. To assess the broad impact of disease and treatment on 
satisfaction and functioning in daily life, both generic (Child Health • 
Questionnaire, CHQ-CF87) and diabetic (Diabetes Quality of Life 
Questionnaire, DQOL) measures w ere used. Results: Of a total population 
of 131 diabetic adolescents, 116 (88.5%) participated. 50% were girls, mean 
age 14.8 yrs (range 11-18), mean diabetes duration 6.9 yrs (1-16), mean 
HbAlc 9.3 (6.2-14). Diabetes-related quality of life explained 66 % of the 
variation in general mental health. Neither age, gender, insulin regimen 
or HbAlc could explain more of the variation. While most of the variance 
in mental health assessed by CHQ-CF87 is explained by the diabetes-related 
quality of life, age seems to be an important additional covariate in self¬ 
esteem. The effect of age on self-esteem is significantly nonlinear, 
w ith lowest self-reported self-esteem being estimated at 15.6 yrs. 
Conclusions: Psychosocial support for adolescents w ith type 1 diabetes 
seems particular important around the age of 15. Generic instruments 
like CHQ-CF87 add another dimension to the evaluation of satisfaction 
and daily functioning in diabetic youths. 
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INFLUENCE OF LOCAL DELIVERY OF VEGF ON THE VIABILITY OF 
ENCAPSULATED PANCREATIC RAT ISLETS DURING TRANSPLANTATION 
S. Sigrist* , A. Mechine 2 , K. Mandes 1 , V. Calenda\, JP Bellocq 2 , G. Legeay 4 , A. 
Belcourt 1 , M. Pinget 1 , L. Kesster' 'CeeD, , 2 Service d’Anatomie Pathologique, Hopital 
de Hautepierre, 3 Iransgene, Strasbourg and ‘‘CTTM, Le Mans, France. 

Background and Aims: Transplantation of encapsulated islets was proposed as a 
treatment for type 1 diabetes to limit rejection. A significant obstacle to successful 
transplantation is the low vascularization of the graft during the first few days after 
implantation leading to the dysfunction and death of islets. The aim of our study was to 
evaluate the effect of Vascular Endothelial Growth Factor (VEGF) on the angiogenesis 
of epiploic tissue surrounding the encapsulation device and consequently on the islet 
survival. Materials and Methods: 24 hours after culture, 50 islets immobilized into 
collagen in the presence or not of VEGF (100 pg'ml) were encapsulated (AN69 
membrane, HOSPAL) and implanted in the peritoneal cavity of Wistar rats (n=6). 
Devices containing collagen supplemented or not with VEGF (100 pg'ml) served as 
controls. After 7, 14 and 28 days of implantation, encapsulation devices with 
surrounding epiploic tissue were removed. Histological analysis of this tissue was 
performed to determine the number and the diameter of vascular buds, the surface of the 
angiogenic pedicle, and the distance between the device and the buds. Cellular reaction 
at the membrane surface was analysed by scanning electron microscopy and the cellular 
t>pe characterized by a phagocytosis test. Morphological aspect of islets was analysed 
by phase contrast and light microscopy and their functionality evaluated by the measure 
of insulin secretion in response to glucose stimulation. Results: At each step of the 
study, the number of buds increased by 49.5% in the epiploic tissue surrounding the islet 
containing device supplemented with VEGF. After 7 days, VEGF increased significantly 
(i) the bud diameter : 15.4±4.9 vs 5.3±2.4 pm (p<0.001), (ii) the surface of the 
angiogenic pedicle from 2.82±2.02 to I95.38±45.22 pm 2 (p<0.001). The presence of 
VEGF decreased significantly the distance between devices and buds : 16.2±5.6 vs 
51.6±10.1 pm (p<0.001). Furthermore, the control revealed an increase in buds 
formation under the influence of VEGF that was emphasized by the presence of islets. 
The angiogenic effect of VEGF on the epiploic tissue reached a plateau after 14 days 
after implantation. Membrane surface analysis showed a decrease in macrophage 
adhesion in presence of VEGF. Islets examination exhibited in presence of VEGF a 
preservation of their structure w ithout central necrosis. After 7 days, insulin release in 
response to glucose increased significantly from 33.69±1.52 to I38.84±5.13 pU/100 
islets when VEGF was added and only from 7.36±0.82 to 26.9±2.5 pU/100 islets in its 
absence (n=3, p<0.05). Moreover, 28 days after implantation, islets encapsulated with 
VEGF exhibited a preservation of their stimulation in response to glucose (I2I.44i2.01 
vs 20.72±l.22 pU/100 islets) compared to islets alone (14.2±1.02 vs 5.65±0.99 pU/100 
islets). Conclusion: Stimulation of angiogenesis of epiploic tissue induced by VEGF is 
associated with a preservation of morphology and functionality of encapsulated islets. 


998 

CHARACTERISTICS AND TRANSPLANTATION OF THE PORCINE 
NEONATAL PANCREATIC CELL CLUSTERS. 

J-H. Juang', C-H. Kuo’, B. R-S. Hsu', S-H. Fu\ *W-C. Lee', "N-K. Yao'. 
'Chang Gung Memorial Hospital and 'industrial Technology Research 
Institute, Taiwan. 

Background and Aims: Porcine neonatal pancreatic cell clusters (NPCCs) 
isolated from 1- to 3-day-old pigs (l-A) have cured diabetic nude mice within 
8 weeks after transplantation. To shorten the latent period between 
transplantation of these cells and the reversal of hyperglycemia, we studied 
NPCCs isolated from 1-month-old pigs (l-B). 

Materials and Methods: One- to three-day-old and 1-month-old pig 
pancreata were cut into fragments, digested by collagenase, cultured for 6 
days, and then studied for islet characteristics. Besides, 300 cultured islets 
were transplanted under kidney capsule of nondiabetic nude mice. At 1 and 3 
months after transplantation, the grafts were removed, and insulin content 
and p—cell mass were measured by radioimmunoassay and point counting 
morphometry, respectively. 

Results: Soon after isolation, l-B was larger than l-A (0.211±0.006 vs. 
0.189*0.003 mm', P=0.0003). After 6-day culture, l-B contained more insulin 
than l-A (6.8±1.4 vs. 2.3±0.2 pg/150 NPCCs, P=0.02). However, the 
stimulation indices of l-A and l-B during static incubation with 500 mg/dl 
glucose (26.5±3.2 vs. 23.9±1.7) or 500 mg/dl glucose plus 50 mol/I IBMX 
(62.2*14.0 vs. 41.9*4.4) were not significantly different. (P>0.05) 
Furthermore, both l-A and l-B had no first or second phase insulin secretion 
during sequential perifusion with 100 and 300 mg/dl glucose. The insulin 
content of the graft at 1 month after transplantation was 0.331*0.031 and 
0.333*0.133 pg. and p—cell mass of the graft at 3 months was 0.069*0.022 
and 0.067*0.023 mg in recipients with l-A and l-B, respectively. (P>0.05) 
Conclusions: NPCCs isolated from 1- to 3-day-old and 1-month-old pigs 
had different characteristics but similar effects on transplantation. 
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SUCCESSFUL INTRAIIEPATIC TRANSPLANTATION OF PANCREATIC 
ISLETS ENCAPSULATED IN ALGINATE MICROCAPSULES LN DIABETIC 
RATS. 

S. Schneider, P.J. Feilen, V. Slorty, O. Kraus and J. Beyer. Dept, of Endocrinology 
and Metabolism, University of Mainz, Germany 

Background and Aims: The functionality of encapsulated islets transplanted into the 
peritoneal cavity is limited, based on an insufficient oxygen supply. Therefore, 
research should focus on finding a transplantation site, which permits closer contact 
between the encapsulated islets and the bloodstream. In this study, the effect of 
intraportal injection of encapsulated islets under different experimental settings was 
evaluated. 

Materials and Methods: Therefore 1500 islets each were isolated from Lewis rats, 
encapsulated in 350 pm alginate capsules of different quality and quantity and 
transplanted intraportally in streptozotocin-diabetic Spraque Dawley rats. 

Results: Concerning the insulin secretion to a glucose challenge no difference could 
be detected between islets encapsulated in a high purified alginate (A) and those 
encapsulated in a non-purified alginate (B) (L57±0.28 vs. 1 6±0.5 ng/islet; n.s.). Islets 
encapsulated in a high purified alginate (A) show only a slight foreign body reaction 
after intraportal injection compared to islets encapsaulated in a non-purified alginate 
(B) (50±25pm2/capsule vs. 345±59pm2/capsule; p<0.001) Above a critical capsule 
mass (> 8000) the intraportal transplantation of encapsulated islets (A) leads to a high 
intraoperative letality of the animals (4 from 5) due to occlusion of big portal tracts. In 
contrast to this, the transplantation of lower yields of capsules leads to no 
complications (5 from 5 vital). Furthermore, the intraportal injection of encapsulated 
islets (A) succeed to restore normoglycemia in streptozotocin-diabetic rats (> 5d). 

Conclusions: For the first time it could be demonstrated, that the intrahepatic 
transplantation of encapsulated islets without concomitantly immunosuppression 
succeed to restore normoglycemia in diabetic rats. 


999 

PANCREAS TRANSPLANTATION IN TYPE 2 DIABETES: IS C-PEPTIDF. 
A RECIPIENT SELECTION CRITERION? 

C.Dieterle, H. Schiffl, R.Landgraf. Department of Internal Medicine, Klinikum 
Innenstadt, University of Munich. 

Background and Aims: Incidence and prevalence of secondary complications in 
patients with type 2 diabetes (DM 2) are increasing steadily. Thirty to 50% of all 
patients with endstage renal disease entering chronic dialysis are DM 2. Recently 
manifestation of type 2 diabetes has been observed in young populations and 
therefore many patients will suffer from diabetic complications much earlier in 
life. Since the long-term survival of pancreatic grafts in patients with type 1 
diabetes are excellent (one-year graft survival 80-90%) Eurotransplant started to 
consider DM 2 for simultaneous pancreas/kidney transplantation, however 
excluding those patients with basal C-peptide <0,8 ng/ml and glucagon-stimulated 
values three times above baseline. Methods: In order to select type 2 diabetic 
patients for a pancreas/kidney transplantation programme we analyzed C-peplide 
in 25 non-diabetic patients (age: 61,4±9,8; blood glucose:84±10 mg/dl; BMI 
23,3±2,1 kg/m 2 ; HbAlc: 5,0±0,3%) and compared them with 13 insulin-treated 
type 2 diabetic patients (age: 65,1±10,2; blood glucose: 167±43 mg/dl; BMI: 
24,3±4,3 kg/m 2 ; HbAlc: 7,4±1,0%). Both groups suffered from end-stage renal 
disease and were under chronic hemodialysis in average 23 months. Results: C- 
peptide under fasting conditions were very similar in both groups: non-diabetic 
versus insulin-treated diabetic patients: 9,6±3,6 vs. 9,5±5,5 ng/ml. Postprandial C- 
peptide levels in non-diabetic dialysis patients were 15,7±6,1 ng/ml indicating 
good prandial response. In a subgroup of diabetic subjects (n= 10) C-peptide was 
analyzed before 7,1 ±3,3 ng/ml and after 1 mg glucagon i.v. to 8,8±4,1 ng/ml. 
Basal blood glucose of 125±23 mg/dl was stimulated by glucagon to 146±18 
mg/dl. Conclusions: From these data it can be concluded that C-peptide analysis 
under basal conditions and after glucagon stimulation are not eligible parameters 
to assess insulin resistance and secretory response in uraemic type 2 diabetics. 
Consequently C-peptide is not a suitable criterion for pancreas transplantation in 
insulin-treated DM 2. 
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CHEMOKLNE RECEPTOR CCR5 PROMOTER GENOTYPE ASSOCIATED 
WITH DIABETIC NEPHROPATHY IN TYPE2 DIABETIC SUBJECTS 
K. Nakajima, Y. Tanaka and R.Kawamori, Dept, of Medicine, Metabolism 
and Endocrinology, Juntendo University School of Medicine, 2-1-1 
Hongo, Bunkyo-ku, Tokyo, Japan 

Background and Aims: Macrophage infiltrations in renal glomerulus of 
diabetic patients with nephropathy were reported. Recently, chemotactic 
cytokine receptor 5 (CCR5) promoter 59029G/A polymorphism was 
identified, and the higher number of the CCR5 on circulating monocyte in 
the subjects having 59029 A(+) type was observed. Thus, the aim was to 
evaluate the effect of CCR5 59029 genotype on diabetic nephropathy. 
Subjects and Methods: A total 401 type 2 diabetic subjects showing 
serum cretinine^2.0mg/dl were recruited. CCR5 promoter 59029 G/A 
genotype was determined by PCR-RFLP. Stage of nephropathy was 
determined by urinary albumin creatinin ratio (ACR (mg/gCre)) at least 
two measurements, and classified into normoalbuminuria (ACR<30, DN0 
group), microalbuminuria (30 ^ ACR<300, DNl group), and 
macroalbuminuria (ACR ^ 300, DN2 group). Results: The allele 
frequency of 59029A was 54% and the clinical characteristics except 
ACR were not different between the subjects with or without 59029 A. 

The frequencies of A(+) type were 75% in the DN0 group, 86% in the 
DNl group, and 87% in the DN2 group (DN0 vs. DNI, P=0.03, x 
2=4.794; DN0 vs. DNl and DN2, P=0.0095, x 2=6.734). From logistic 
regression analysis, 59029A was an independent risk factor for 
microalbuminuria from normoalbuminuria (O.R.=2.26, P=0.009), but not 
for macroalbumionuria from microalbuminuria. Conclusions: CCR5 
promoter 59029 A genotype may associate with development of early 
nephropathy. 
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ATRIAL NATRIURETIC PEPTIDE GENE POLYMORPHISMS AND 
ALBUMINURIA: THE MEXICO CITY STUDY. 

M. Nannipieri, R. Posadas, E. Politi, K. Williams*, C. Gonzales§, MP. Stem*, and 
E. Ferrannini . Department of Internal Medicine, University of Pisa, Italy, 
♦Department of Medicine University of Texas, San Antonio, USA, § American British 
Cowdray Hospital, Mexico City, Mexico. 

Background and Aims:Atrial natriuretic peptide (ANP) infusion has been found to 
increase urinary albumin excretion rate (AER) in diabetic patients with 
microalbuminuria as well as in healthy subjects. Because Seal and Bstxl 
polymorphisms at the ANP gene have been found to be associated with albuminuria 
in diabetic subjects, we evaluated the relationship between the two polymorphisms 
and the presence of albuminuria in the Mexico City Study, a population with a very 
high prevalence of microalbuminuria has been reported. Materials and Methods: 
Allelic and genotype frequencies of these polymorphisms were studied by RFLP 
analysis with Seal enzyme (wild: A2 vs mutated: Al) and Bstxl enzyme (wild: C708 
vs mutated: T708) after amplification of two fragments of ANP gene. Results: Of 614 
subjects (254 men, 360 women), 276 had microalbuminuria (pA) and 60 had 
established macroalbuminuria (MA); hypertension was present in 71 subjects and type 
2 diabetes in 108 subjects. In the whole cohort, the wild/mutated alleles had 
frequencies of 0.93/0.07 and 0.96/0.04, respectively for Seal and Bstxl Frequency of 
A2/A1 alleles was 0.93/0.07 in NA subjects; 0.96/0.04 in pA and 0.98/0.02 in MA 
(p<0.05 x2= 6.9, for the difference between MA and the other groups). Frequency of 
C708/T708 alleles was 0.94/0.06 in NA subjects, 0.97/0.03 in pA and 1.0/0.0 in MA 
(p=0.03, x2=7.5, for the difference between MA and the other groups). The tw o 
polymorphisms were in linkage disequilibrium (p<0.0001). No associations were 
found between Seal and or Bstxl polymorphisms and presence of diabetes, 
hypertension, stroke and myocardial infarction. In a nominal logistic model adjusting 
for gender, age, obesity, diabetes, and hypertension, the Al and T708 allele were 
independently associated with macroalbuminuria. Conclusions: In the Mexico City 
population, the association between polymorphisms of ANP gene and albuminuria - 
previously described in Caucasian patients with type 1 or type 2 diabetes - is 
confirmed despite the very high background prevalence of albuminuria. Thus, these 
polymorphisms may play a role in protecting subjects against development of 
albuminuria not only in diabetic subjects but also in the general population. 
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POLYMORPHISMS IN THE UCPI-3 GENES ARE NOT ASSOCIATED 
WITH DIABETIC NEPHROPATHY 

E.LindhoIm, M.KIannemark, E.Agardh, L.Groop, C-D.Agardh From the Wallenberg 
Research Laboratory, University Hospital MAS, MalmO Sweden. 

Background and Aims: It was recently shown that normalizing mitochondria 
superoxide production blocks three pathways of hyperglycemic damage. The human 
uncoupling proteins, UCP1, UCP2 and UCP3 can uncouple respiration and thereby by 
reducing the electrochemical potential in the mitochondria and reduce superoxide 
production. Our aim was to study the association between known UCP1, UCP2 and 
UCP3 polymorphisms and diabetic nephropathy. 

Materials and Methods: 218 diabetic patients with micro- or macroalbuminuria 
(ALB) and 218 with persistent normoalbuminuria (NORM) with at least 10 years 
diabetes duration were matched for age, sex, type of diabetes, mean HbAlc levels 
during the past four years and diabetes duration. 128 of the patients in each group had 
type 1 diabetes, 88 type 2 diabetes and 2 had unclassified type of diabetes. UCP1 A-G 
polymorphism at -3826, UCP2 insertion/deletion (I/D) polymorphism and UCP3 C-T 
polymorphism at -55 were genotyped. 

Results: The frequencies of the GG, AG and AA UCP1 genotypes in the NORM vs 
ALB group were 7.3 % vs. 6.4 %, 37.2% vs. 32.6% and 55.5% vs. 61.0% for AA 
(p=NS). The frequencies of the UCP2 I/D polymorphism were 6.9% vs. 8.3% for I/I, 
45.9% vs. 40.3% for I/D and 47.2% vs. 51.4% for D/D genotypes in the NORM vs 
ALB groups (p=NS). Neither did the genotype frequencies for UCP3 C-T 
polymorphism differ between NORM and ALB patients, i.e. 9.2% vs. 9.7% for TT, 
38.5% vs. 41.5% for CT and 52.3% vs. 48.8% for CC. 

Conclusions: These data suggest that polymorphisms in the UCP genes are not 
associated with diabetic nephropathy in this Scandinavian population. 
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SA GENE POLYMORPHISM - RELATIONSHIP WITH NEPHROPATHY 
AND HYPERTENSION IN TYPE 2 DIABETES 

E. Zukowska-Szczechowska, J. Gumprecht, M.J. Zychma, K. Strojek, I. Szymkowicz, 
W. Grzeszczak. Dept of Internal Medicine, Diabetology and Nephrology, Silesian 
School of Medicine, Zabrze, Poland. 

Background and Aims: It has been demonstrated, that high blood pressure remains 
one of the major factors of progression of various nephropathies. SA gene locus has 
been identiJIed as being overexpressed in kidney s of spontaneously hypertensive rats 
(SHR). SA gene PstI polymorphism was found to be associated with rite presence of 
hypertension in non-diabetic subjects. The aim of the study was to test the association 
between the SA gene PstI polymorphism, the presence of microalbuminuria and/or 
overt nephropathy, or the presence or absence of high blood pressure in type 2 
diabetes. 

Materials and Methods: SA gene polymorphism was determined in 693 type 2 
diabetic patients. 127 were classified as having overt nephropathy (ON), 323 had 
microalbuminuria (M), while 243 patients with normoalbuminuria and diabetes 
duration of at least 10 yrs were considered a control group (N). 

Results: SA PstI (A1A1/A1A2/A2A2, %) genotype distributions did not differ 
between the study groups: N- 83.1/14.4/2.5, M- 79.3/18.9/1.7, ON- 78.7/20.5/0.8. A 
distortion in genotype distributions was found between hypertensive (HT) and 
normotensive (NT) subjects (Chi-square test with 2d£ p<0.05). Genotype frequencies 
in the normoalbuminuria group were: (A1AI/A1A2/A2A2, %): HT- 86.8/12.5/0.7, 
NT- 77.8/17.2/5.0, while in the microalbuminuria+overt nephropathy group: HT- 
81.0/16.7/2.3, NT- 75.0/25.0/0.0. Moreover, subjects homozygous for the A2 allele 
had lowest blood pressure values (systolic and diastolic), homozygous for the Al 
allele ~ highest blood pressure, with heterozygotes presenting intermediate v alues. 
Conclusions: The SA gene PstI polymorphism was found to be associated with high 
blood pressure in type 2 diabetic subjects, but with no impact on the development of 
incipient or overt nephropathy in these subjects. 
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GNB3 POLYMORPHISM ALLELE TRANSMISSION TO OFFSPRING 
AFFECTED WITH END-STAGE RENAL DISEASE OR DL4BETIC 
NEPHROPATHY 

M.J. Zychma, J. Gumprecht, K. Strojck, W. Grzeszczak. Dept of Int Medicine, 
Diabelology and Nephrology, Silesian School of Medicine, Zabrze, Poland 

Background and Alms: Arterial hypertension is an independent predictor of 
progression of nephropathies of various etiologies. It has been pointed, that parents of 
type 1 diabetic patients with nephropathy have higher blood pressure values, and 
more frequently have fypertension, then parents of patients without nepropathy. It is 
thus postulated, that genetics of hypertension, diabetic nephropathy and progression 
of chronic renal failure may overlap. Recent reports have suggested, that a molecular 
\ariant of the guanidine nucleotide binding protein £3 subunit (GNB3) ~ C825T is 
associated with the increased risk of the development of hypertension. The aim of this 
study was to assess whether GNB3 C825T polymorphism is associated with the 
increased risk of the development of end-stage renal disease in non-diabetic patients, 
or diabetic nephropathy in type 1 diabetic subjects. The hypothesis was tested using a 
family-based study design - transmission/disequilibrium test 

Materials and Methods: GNB3 polymorphism was determined in: (1) 200 non- 
diabetic patients with end-stage renal disease, either conservatively treated (with 
creatinine clearance <30ml/min), or submitted to chronic renal replacement therapy 
(hemo- or peritoneal dialysis); (2) 47 type 1 diabetic patients with end-stage read 
disease, as well as in 28 microalbuminuric or overt proteinuric type 1 diabetic patients 
with normal renal function. GNB3 polymorphism was also determined in both parents 
of the examined patients, and observed and expected (random) transmissions were 
compared using a Mac Nemar’s statistics. 

Results: C/T allele transmission (%) in non-diabetic, end-stage renal disease patients 
was 48/52, in t)pe 1 diabetic patients with end-stage renal disease - 50/50, while in 
type 1 diabetic patients and microalbuminuria or overt proteinuria - 44/56, and these 
differences were not significantly different in McNemar's test 
Conclusions: Results of the present study provide evidence against major impact of 
the GNB3 polymorphism on the development of nephropathy in type 1 diabetic 
patients, as well as end-stage renal disease in non-diabctic siibjects. 
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Impact of renal Impairment on the death rates of people with diabetes 
N. A. Roper, N.C. Unwin, R.W. Bilous, W.F. Kelly and VM. Connolly 
Diabetes Care Centre, Middlesbrough General Hospital, TS5 5AZ, UK 

Background and Aims: To investigate, in people with diabetes, differences in all cause 
mortality between those with and without renal impairment Materials and Methods: 
All people with known diabetes, in South Tees, UK, alive on the 1st January' 1994 were 
identified, tagged with the UK Office for National Statistics and followed up until 31st 
December 1999. Data on mortality was collated from death certificates. A threshold for 
creatinine of 150 umol/1 was used to divide the cohort into those with normal renal 
function and those with renal impairment, at the start of the study. Age specific death 
rates w ere calculated for each group, with 95% confidence intervals, using a person years 
method. Results: Overall 104 of 153 (68.0%) of people with renal impairment died 
compared to 1101 of 4688 (23.5%) people with normal renal function. People with renal 
impairment made up 3.2% of the diabetic population but accounted for 8 . 6 % of the 
deaths. Of 104 deaths in people with renal impairment only 5 had renal disease certified 
as the underlying cause of death, cardiovascular disease accounted for 75% of deaths, 
compared to 58% in those people with normal renal function, p=0.001. Death rates per 
1000 person years (95% CIs) are shown below; 
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Conclusions: People with and diabetes and renal impairment account for a 
disproportionate number of deaths from the total diabetes population. Reliance on death 
certification data to estimate the contribution of renal failure to mortality will lead to 
significant underestimation of the impact of renal failure. Creatinine level is a simple, 
cheap, and easily available, marker that identifies a subgroup of people with diabetes 
who have increased mortality rates, compared to the high death rates of people with 
diabetes. 
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ALLELE 5 OF THE ANGIOTENS1NOGEN MICROSATELLITE MARKER IS 
ASSOCIATED WITH DIABETIC NEPHROPATHY. 

A Mdllsten, G. Dahlquist, I. Kockum, M. Svensson, J. Eriksson and S. Rudberg. 
Dept, of Clinical Sciences, Dept, of Public Health and Medicine, Umei University 
and Dept, of Molecular Medicine, Dept, of Woman and Child Health, Karolinska 
Institutet, Sweden. 

Background and aims: Both lifestyle related factors such as smoking, hypertension 
and elevated HbAlc and genetic factors are important for the development of diabetic 
nephropathy (DN). Several genetic polymorphisms in the renin-angiotensin system 
have been identified and suggested to be associated with DN. The aim of this study 
w'as to investigate if genetic markers located near the angiotensinogen (Ang) gene, the 
angiotensin n type-1 receptor (AGTR1) gene or the ACE-gene give an increased risk 
for developing DN, and if any of these polymorphisms show interaction with smoking 
and poor metabolic control. 

Materials and methods: The genetic markers we focused on were the 
insertion/deletion (1/D) polymorphism in the ACE-gene. the M235T polymorphism in 
the Ang-gene and two microsatellite markers, one located near the Ang-gene and the 
other located near the AGTRl-gene. DNA samples were collected from 190 type-1 
diabetic patients. Patients with diabetes duration of 15 to 20 years or more, without 
albuminuria, were considered as controls (n=90). Albumin excretion rate 20- 
200ug/min was considered as incipient nephropathy (n=63) and albumin excretion 
rate over 200ug/min was considered as overt nephropathy (n=37). Smoking habits and 
HbAlc values were obtained from questionnaires and hospital records. 

Results: Allele 5 of the Ang-gene microsatellite was significantly associated with an 
increased risk for DN, crude OR=2.27 (95% Cl 1.04-4.95). Smoking was associated 
with an increased risk for DN, OR=2.46 (95% Cl 1.23-4.93). Among smokers allele 5 
was still significant but did not increase the OR, OR=1.32 (95% Cl 1.09-1.60), this 
was also the case among patients >75th percentile in HbAlc, OR=1.54 (95% Cl 1.12- 
2.12). In this material, no association between DN and genotype was found with the 
I/D or M235T polymorphisms or with the AGTRl-gene microsatellite. 

Conclusions: Allele 5 of the Ang-gene microsatellite marker is associated with 
increased risk for DN. No interactions between this allele and smoking or poor 
metabolic control were found. 
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THE RESULTS OF LONG-TERM MICROALBUMINURIA SCREENING IN 
CHILDREN AND ADOLESCENTS WITH TYPE I DIABETES. 

J. Nazim, RDziatkowiak 

Endocrinology Department, Polish-American Children's Hospital, Krak 6 w, Poland 
The aim: to analyse the results of prospective study of urinary albumin excretion 
rate (UAER) in diabetic children and adolescents. Patients: 528 children (261 boys, 
267 girls), aged 3-25 years (522 i.e. 98.8% under the age 19 years). Diabetes 
duration at the beginning of the study 1 month to 20 years (317 children ie. 60% 
were observed from the onset of diabetes). The period of follow-up was 1-13 years 
(median 5.4 years) Methods: UAER was determined by radioimmunoassay in 
overnight urine collections. Microalbuminuria (MA) was defined as UAER >15 
pg/min in at least two of three urine samples. Results: L At the onset of the study 
MA was found in 48/528 (9%) children (21 boys and 27 girls). The frequency of 
MA increased significantly with age (we didn’t observed MA in youngest group - 0- 
4 years) and with diabetes duration and was as follows: 0-4 years - 6 . 6 %, 5-11 years 
- 9.5%, 12-17 years - 11.8% and >17 years of diabetes - 30.8%. In children who 
developed diabetes under the age 5 years MA was found only in the pubertal age 
(>11 years). Patients with MA had significantly higher mean HbAlc (9.1 vs 9.8%, 
p<0.01) and HbAlc at the beginning of the study (11.12% vs 12.17%).The risk 
factors for MA development were: age>l 1 years (OR 13.3, 95%CI 2.8-64), diabetes 
duration (OR 1.1, 95%CI 1.1-1.3) and mean HbAlc (OR 1.3, 95%CI 1.1-1.7) At 
follow-up MA persisted >3 years in 12 of 48 patients with MA at the onset of the 
study IL During the follow-up of 443 patients with normal UAER at the onset, 
normoalbuminuria was observed in 318 (71.8%) of diabetic patients, MA was 
detected only once (in one urine sample) in 95 (21.5%) of children. In 20 (4.5%) of 
patients MA was observed for 1-2 years and in 10 patients (2.2%) persisted for at 
least 3 years. In comparison to normoalbuminuric children, patients with persistent 
microalbuminuria had significantly worse long term glycemic control (higher mean 
HbAlc from the onset of diabetes 9.8% vs 9.0%). Additionally, they had 
significantly higher UAER at the beginning of the study. The highest incidence of 
persistent MA was found in patients with diabetes onset at the age 5-11 years. 
Conclusions: children and adolescents with type 1 diabetes should be screened for 
microalbuminuria early in the course of the disease and they required good glycemic 
control to minimise the ride of diabetic nephropathy development 














A 263 


1008 

Albuminuria in a population based study of Danish patients with type 1 diabetes 
mellitus: Prevalence, clinical characteristics and risk factors 

O. Eshoj, K. Borch-Johnsen, B. Feldt-Rasmussen, A.K. Sjolie and H. Beck-Nielsen. 
From Department of Endocrinology, Diabetes Research Centre, Odense University 
Hospital, Odense, Department of Endocrinology, Hvidovre Hospital, Copenhagen, 
Steno Diabetes Centre, Gentofte, Department of Nephrology, Rigshospitalet 
University Hospital, Copenhagen end Department of Ophthalmology, Odense 
University Hospital, Odense, Denmark. 

Background and aims: The urinary albumin excretion rate (UAER) has proved to be 
one of the most important prognostic factors in the secondary prevention of several 
chronic complications of type 1 diabetes mellitus. Thus, it is our aim to present data 
regarding prevalence, clinical features and possible predictors of albuminuria in a 
cross sectional study of a well defined cohort of patients with type 1 diabetes mellitus. 
Materials and methods: The study is population based and the patients identified by 
means of insulin prescriptions with a degree of ascertainment of 97%. The population 
consisted of 631 patients with type 1 diabetes mellitus, 281 females and 357 males. 
Median age was 34 years (range 7-79), median duration of diabetes 17 years (range 0- 
63). The method for determination of UAER was based upon three overnight urine 
collections. 

Results and conclusion: We found a prevalence of microalbuminuria (95% Cl) of 
12% (9.6, 14.6), and for macroalbuminuria of 8.6% (6.4, 10 8). The prevalence of 
microalbuminuria increased by duration of diabetes until 20 years of duration, where 
after it remained constant. A steady increase in the prevalence of microalbuminuria by 
increasing HbAlc levels as well as by increasing diastolic and systolic blood pressure 
was observed. The blood pressure was within the norma! range in patients with 
microalbuminuria. Glomerular filtration rate as estimated from measurement of 
creatinin clearence was stable in patients with microalbuminuria but decreased in 
patients w ith overt nephropathy. An analysis of possible risk factors in a multivariate 
model revealed that age, duration of diabetes, blood pressure, HbAlc, serum- 
cholesterol and current smoking were all significantly associated to increased levels 
of albuminuria. 
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Nephropathy: Pathology 
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RENAL STRUCTURE IN TYPE 2 DIABETIC PATIENTS WITH 
ALBUMINURIA 

O. Torffvit, J. Tapia, J. Tencer, B. Rippe, J. Willncr, G. Nybcrg and R. Ostciby, 
Departments of Medicine, Nephrology and X-ray, University Hospital, Lund, 
Transplant Unit, Sahlgrenska University Hospital, Gdteborg, Sweden, and Electron 
Microscopy Laboratory, University Institute of Pathology, Aarhus Kommunehospital, 
Denmark. 

Background and Aims: Renal biopsies were obtained from Type 2 diabetic patients 
with elevated albumin excretion. The aim was to obtain quantitative structural data for 
the study of correlation with clinical findings. 

Materials and Methods: Biopsies from 27 patients were analysed and data compared 
with those obtained in 13 non-diabctic cases. Stereological methods were applied by 
light- and electron microscopy. 

Results: Diabetic patients showed quantitatively markedly expressed diabetic 
glomerulopathy but also an increase in glomerular volume, prevalence of glomerular 
occlusion and in interstitial volume fraction. A significant correlation was not 
observed between the degree of interstitial and glomerular involvement. The 
glomerular hypertrophy is interpreted as a compensatory phenomenon, leading to 
preservation of filtration surface in the open glomeruli. Close correlation was seen 
between glomerulopathy and glomerular function, and also with the stage of 
retinopathy. Signs of non-diabetic glomerulopathy were not observed, but various 
atypical ultra-structural changes accompanying the advanced stages are illustrated. 
Conclusions: Our present findings correspond to data from Type 1 diabetic patients. 
It is emphasised that all compartments of the kidney are affected by the diabetic state. 
It is suggested that the interstitial and glomerular lesions arc influenced by mutually 
different factors. 
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POPULATION SCREENING TO DETECT NEPHROPATHY IN 
SINGAPOREANS WITH DIABETES OR HYPERGLYCEMIA 
SPB Ramirez, SI-H Hsu and RS Mazzc, Singapore 

Background and Aims: A population-based program for the early detection and 
intervention of type 2 diabetes (DM), hypertension (HTN) and renal disease was 
initiated in Singapore. One element of tills program was to determine the level of 
glycemic control and blood pressure control in individuals with known DM and in 
individuals at risk for DM Materials and Methods: Singaporeans >18 years old 
were screened by questionnaire (demographics, prior medical history including type 
2 diabetes (DM) and hypertension (HTN), family history and lifestyle habits), BP 
according to established national guidelines, random capillary blood glucose (CBG) 
and urinalysis from January 2000 to September 2000. Nephropathy w as defined as 
proteinuria (PR) of >30 mg/dL or >1+ on dipstick analysis. Hyperglycemia (HPG) 
and systolic hypertension (SHTN) were defined as a CBG >8.9 mmol/L and systolic 
BP>130 mmHg, respectively. Results: Two thousand subjects completed the 
screening (53% M/47% F)- Seventy-six percent were Chinese, with the remainder 
Malay, Indian or other. The mean age was 40.6 years. Known disease was found in 
64 cases (3.2%) of whom 46 had DM and 18 had DM and IfTN. In those with both 
HTN and DM 67% had HPG and 72% had SHTN. Among those with known DM 
alone, 50% had HPG and 50% had SHTN. Eleven percent of those w ith both HTN 
and DM had significant PR, reflecting previously undetected nephropathy. 
Undetected HPG was present in 38 subjects (1.9%); an additional 38 subjects (1.9%) 
were found to have undetected HPG w ith SHTN. Among those with HPG alone, 
2.8% had significant PR. Among those with both HPG and SHTN, 12.1% had PR. 
This was significantly higher Uian the prevalence of PR among those with neither 
HPG nor SHTN (1.8%, p<0.0001). Conclusion: Individuals know n to have DM with 
or without HTN were found to have elevated blood glucose and systolic blood 
pressure, associated with a high prevalence of preiiously undetected ncpluopathy. 
Furthermore, a high percentage of individuals with prciiously undetected 
hyperglycemia, with or without SHTN were found to have established renal disease. 
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SIGNIFICANT CORRELATION OF TRANSFORMING GROWTH FACTOR 
fl WITH METABOLIC CONTROL AND SYSTOLIC BLOOD PRESSURE IN 
TYPE 2 DIABETIC PATIENTS 

Abrahamian H., Mauler H., Exner M., Grimm A, Wagner O., Irsigler K., Prager R. 

3. Medical Department and Ludwig Boltzmann-Institute for metabolic diseases. City 
Hospital Vienna Lainz, Wolkersbergenstrasse 1, 1130 Vienna, Austria 

Background and Aims: Transforming growth factor beta (TGF-B) is a cytokine, 
which plays a major role in the regulation of cell proliferation and seems to be an 
important determinant of diabetic glomerular injury. This hypothesis has been 
supported by the detection of increased concentrations and enhanced expression of 
TGF-B in and from the target tissues of diabetic long-term complications. 

Materials and Methods: To analyse the association of urinary TGF-B excretion with 
degree of hypertension and quality of metabolic control we studied this correlation in 
a type 2 diabetic study population with normo-, micro- and macroalbuminuria. In this 
cross sectional analysis urinary levels of TGF-B were measured in 39 type 2 diabetic 
patients, 27 male and 12 female, age: 63±9 years, duration of diabetes: 12±7 years. 
Results: We found a significant correlation of urinary TGF-B excretion rate with 
systolic blood pressure (r=0,54, p<0,0001), with metabolic control (r=0,33, p<0,03) 
and with urinary albumin excretion rate (r=0,43,p<0,007). The correlation with 
glomerular filtration rate was also significant (r=-0,42, p<0,01). We could not 
demonstrate any significant correlation with age, diabetesduration and sex .In contrast 
to published study results from type 1 diabetic patients we could not detect an 
association between ACE-inhibitor medication and TGF-B excretion rates. This 
implicates that rather the level of blood pressure and not the land of medication seems 
to be essential in treating hypertension in diabetic patients. 

Conclusions: TGF-B might be an useful indicator of glomerular injury in longterm 
follow up in type 2 diabetic patients. 
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LNT1MAL MEDIA THICKNESS DOES NOT DIFFER IN TYPE 2 DIABETIC 

PATIENTS WITH DIFFERENT DEGREES OF ALBUMINURIA. 

V.Vijay, C.Snehalatha, B.Mamtha, ICShina, A-Ramachandran. 

Diabetes Research Centre, Royapuram, Madras India. 

Background: Intimal media thickness (IMT) of common carotid artery 
(CCA) has been widely used as an index of atherosclerosis. Diabetes 
and diabetic nephropathy are conditions associated with accelerated 
atherosclerosis. Aim: The study was done to assess the IMT in type 2 
diabetic patients with different degrees of albuminuria to see whether 
albuminuria influenced IMT. Material and methods: IMT of CCA was 
measured in 264 type 2 diabetic subjects with >5 years diabetes duration, 
using high resolution B mode ultrasonography. Subjects with 
normoalbuminuria (<30 jig albumin /mg creatinine) (NAU) (n=91), 
microalbuminuria (30-300 pg albumin /mg creatinine) (MAU) (n=92) 
and clinical proteinuria (>500 mg/day) (Prot) (n=90) were studied. 
Results were compared with 99 age matched non-diabetic subjects. All 
subjects had measurements of anthropometry, biochemical parameters 
including lipids and HbAlc and blood pressure. Statistical comparisons 
between groups were done using students t’ test and multiple linear 
regression analysis. Results: The mean age-adjusted IMT value in 
diabetic subjects was significantly higher (0.8S + 0.3 mm) than in non¬ 
diabetic subjects (0.57 + 0.34mm) (P<0.001). Mean IMT in NAU (0.87 + 
0.26mm), MAU (0.90 + 0.33mm) and Prot (0.86 + 0.39mm) were not 
significantly different from each other. Multiple regression analysis 
showed that male gender, age, diabetes and total cholesterol were 
independently associated with IMT. Duration of diabetes, hypertension 
and HbAlc did not show independent association with IMT although 
they were significantly higher in diabetic subjects. Conclusion: Diabetes 
was a major contributing factor for higher IMT. However, within the 
diabetic subjects, presence of albuminuria did not have additional 
influence on the IMT. 
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Different effect of melatonin and glutathione on adenosine metabolism in 
rat glomerular mesangial cells cultured under high glucose conditions 
Kocic G, Vlahovic P, Djordjevic V, Kocic R, Pavlovic D, Jcvtovic T. Medical 
Faculty-Inst. of Biochem and Clin, for Endocrinology, Nis Yugoslavia 

Glomerular mesangial cells play a major role in glomerular haemodynamics, but they 
are also considered as antigen-presenting cells participating in immune response. It is 
the site of typical proliferative lesions in diabetic glomerulopathy. Adenosine, a local 
hormone, produced by mesangial cells is a metabolic regulator of renal blood flow, 
capable of decreasing glomerular filtration rate ~(GFR), but exerts also 
immunosupressive, antiproliferative and anti-inflamatory properties. Aim: Since it was 
well established that antioxidants confer protection aeainst increased oxidative stress 
that occurs in diabetes, in this work we have locked for the potential efectivity of 
melatonin and glutathione to ameliorate adenosine metabolism. Melatonin exerts 
immunoenhancing effect mediated through specific receptors and cellular signals, but 
it is also an efficient antioxidant, acting by itself, rather than through specific binding 
sites. Methods: Glomerular mesangial cells obtained from collagenase treated 
glomeruli, isolated from renal cortex of Spraeue-Dowley rats were cultured in RPMI- 
1640 medium at 37°C, supplemented with f0% FCS and 20inmol HEPES pH=7.2. 
After two passages confluent cells were grown under high glucose conditions 
(30mmol/l) as a model of diabetic microenvironment. The activity of adenosine 
metabolizing enzymes: 5'-nucIeotidease (5-NU) responsible for its production and 
adenosine deaminase (ADA) - responsible for its degradation were investigated during 
exposure to melatonin (I0‘ 5 mol) and reduced glutathione (GSII 10' 2 mol).. Results: 
Hyperglycaemic conditions led to decreased adenosine production via 5’-NU 
(4.40±L27 vs 11.29±1.22U/g prot. p <0.001 of control cells cultured under 
normoglycaemic (Smmol/l) conditions, that resulted in its decreased removal via ADA 
(13.20-tf.Ol vs control 23.75±2.0IU/g prot. p<0.01. This event may contribute to the 
loss of afferent arteriolar contractility, mesangioproliferative activity and cvtosceletal 
dysfunction. When control cells were exposed to melatonin (from 1(T® to 10* moll) 5- 
NU activity increased (from 13.90±1.22 to 24.93±3.30 p<0.05), while ADA activity 
was not changed significantly, implicating on increased adenosine production. Similar 
results were obtained after exposure to uSH (from 0.5-2 x 10' 2 mol) for 5-NU (from 
13.95±1.34 to 38.23±3.5 p<0.6oi)and for ADA (25.2±3.15 to 25.l!±2.40). But when 
hyperglycaemic cells were exposed to melatonin 5'-NU decreased significantly 
(3.25H.01, but ADA did not change significantly implicating on decreased adenosine 
metabolism, and observed effect may^be explained by increased protein kinase C 
signaling pathway by hypcrglycaemia, which can decrease melatonin action. GSH 
ameliorated adenosine metabolism (5'-NU was 9.32±1.22 and ADA 15.912.26). 
Conclusion: Presented results confirm recent findings that the potential value of 
melatonin supplementation during diabetes is still uncertain and awaits future 
investigation. 
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EFFECT OF APO E2-REMNANT LIPOPROTEINS ON PKC ACTIVITY AND 
TGF-b AND PROTEIN MATRIX SYNTHESIS IN MESANGIAL CELLS 

M. Saito, M. Eto, F. Kawasaki, K. Kohara, M. Yoneda, M. Matsuda, 

M. Matsuki, K. Kaku, Kawasaki Medical School, Kurashiki, Japan 

Background and Aim: Lipid abnormalities are associated with macroangiopathy and 
microangiopathy including diabetic nephropathy (DN). Apolipoprotein (apo) E2 
causes an increase of remnant lipoproteins in plasma. We previously reported that apo 
E2 allele contributes to the progression of DN (Atherosclerosis 107:203-211,1994, 
Clin Genet 48:288-292,1995). Recently this finding has been supported in Caucasian 
diabetic patients (Diabetes, Daibetes Care 1998). However, the mechanism by which 
apo E2 promotes DN is not known. In this study we examined the effect of apo E2- 
remnant lipoproteins on PKC activity and TGF-b and protein matrix synthesis in 
human mesangia! cells (HMCs). 

Methods: Plasma samples were collected from Type 2 diabetic patients with apo 
E2/2, E3/2 or E3/3. IDL (density 1.006-1.019) was isolated from the plasma by 
ultracentrifugation. Normal HMCs were incubated for 24 hrs with IDL (50 mg/ml 
protein) in the medium. After the incubation, PKC activity was assayed using 
BIOTRAK, and the concentration of TGF-b and protein matrix in the medium was 
measured by ELISA method. 

Results: IDL from diabetic patients with apo E2/2 or E3/2 stimulated PKC activity 
more significantly than that with apo E3/3 (343% or 174% vs 100%) after incubation 
with HMCs. Furthermore, IDL from diabetic patients with apo E2/2 or E3/2 caused a 
significant increase in TGF-b, type IV collagen and fibronectin synthesis by HMCs. 
Conclusions: Apo E2-remnant lipoproteins from diabetics stimulate PKC activity and 
TGF-b and protein matrix synthesis in HMCs, and may cause mesangia! strecthing, 
glomerulosclerosis and DN. Apo E2 contributes to the progression of DN at least 
partly through remnant lipoproteins. 
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Lovastatin inhibit Insulin-like growth factor-1 expression on cultured mesangial 
cells 

C. Liu, T. Yang, J.W. Chen, C.P. Liu, Department of Endocrinology, First Affiliated 
Hospital of Nanjing Medical University, Nanjing, China 

Background and Aims: Insulin-like growth factor-I(IGF-1) is a marker of 
glomerular hypertrophy in the early stage of diabetic rats. HMG-CoA reductase 
inhibitor have suppressive effect on transforming growth factor-pl (TGF-pi) and 
cultured mesangial cells. This study examined the effect of lovastatin on IGF-1 
expression of mesangial cells. 

Materials and Methods: Human mesangial cells were cultured in DMEM containing 
low glucose (5.6Mm), high glucose (30mM) with lovastatin(lOjiM) for 48 hours, 
respectively. IGF-1, TGF-pi mRNA expression of cultured mesangial cells were 
tested by RT-PCR and TGF-pi, fibronectin, laminin, type IV collagen in supernatant 
were determined using RIA and ELISA techniques. 

Results: TGF-pl, fibronectin, laminin, type IV collagen and IGF-1, TGF-pi mRNA 
expression were increased in the mesangial cells cultured in high glucose as compared 
with low glucose. Both TGF-pi and IGF-1 mRNA expression in cultured mesangial 
cells in high glucose condition were suppressed by lovastatin. In the cultured- 
mesangial cells with high glucose and lovastatin, the decrease of TGF-pl, fibronectin, 
laminin and type IV collagen proteins were also observed as compared with cells in 
high level of glucose without lovastatin. 

Conclusions: Lovastatin suppresses fibronectin, laminin, type IV collagen products 
and expression of IGF-1, TGF-pi mRNA in cultured mesangial cells. This study 
suggests that the preventive effect of lovastatin on diabetic nephropathy result not 
only from the suppression of TGF-pi, but also from its inhibitory effect on IGF-1 
expression. 
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TRASFORMING GROWTH FACTOR-pl (TGF-pi) COUNTERACTS THE 
PROTECTIVE EFFECT OF VASCULAR ENDOTHELIAL GROWTH FACTOR 
RECEPTOR 2 (VEGFR-2) IN HUMAN GLOMERULAR ENDOTHELIAL CELLS 
(GENC). 

L.Pala, B. Cresci, S.Giannini, C. Manuelli, P. Cappugi and CM. Rotella. Department of 
physiopathology, theachlng of Metabolic Diseases, University of Florence. 

Background and aim: two major VEGF receptors have been identified and cloned: 
VEGFR-1( Flt-1) and VEGFR-2 (KDR/fik-1). They are mostly expressed in endothelial 
cells. In the rat VEGFR-2 has been identified in glomerular endothelial cells and a role 
in diabetic nephrophaty has been proposed. In human diabetic neprophaty the role of 
VEGF and its receptors have not been clearly demostrated. We investigated the 
presence of VEGF receptors and their modulation in human glomerular endothelial cells 
uith particular regard to the linkage with TGF-PI. Materials and Methods: for binding 
experiments GENC have been grown at confluence and serum free in 24-well plates for 
24h then for 24h with serum free and stimuti (TGF-pi lOOnM) performing families of 
displacement curves between [ l 25 I]VEGF and increasing concentrations of cold VEGF. 
RT-PCR was performed by using primers previously designed for VEGF receptor 
subtypes. For the proliferation assay GENC were seeded in 24-well plates for 24 h in 
serum free and incubated with appropriated stimuli and 3 H-Thimidine. Nitric oxide 
(NO) synthase has been quantified with a commercial kit evaluating the conversion of 
1’H]L-arginine to 1’HJL-citrulIine. Results:using scatchard analysis we has shown the 
presence of VEGF receptors in GENC.The mathematical model suggested the presence 
of one class of binding sites w ith a binding capacity of 29.27±I2 fmoles/lE 6 cells and a 
Kd of 0.3510.19 n\1. The receptor number was not significantly affected by the 
presence of heparin (O.lng/ml); however, a slight decrease of about 14% of binding 
sites was observed. RT-PCR has shown the predominant presence of VEGFR-2 with no 
apparent signal for VEGFR-1. VEGF was able to stimulate (38% vs control) thimidine 
incorporation and, in preliminary results, the production of NO (55% vs control). The 
mitogenic action of VEGF was counteracted by the addition of TGF-01. Furthermore, 
mathematical analysis of multiple homologous curves for [ , 25 I]VEG1 indicated that the 
TGF-pi treatment induces a decrease (80%) in VEGFR-2 specific binding capacity 
without changing the binding affinity. Conclusions: we demostrated for the first lime, 
the presence of VEGFR-2 in GENC. Since VEGF induced a proliferative effect and a 
direct control of NO production, these data suggest that VEGF could act as survival 
factor for GENC and this effect is inhibited by TGF-pi. 
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Protective effects of Lithospermate B on diabetic nephropathy 
G.T. Lee, MG. Chung, C.W. Ahn, H.J. Ha and H.C. Lee 
Yonsei University Medical Research Center Seoul, Korea 

Background and Aims: ROS generation and PKC activation have been observed in 
mesangial cell cultured under high glucose and in the kidneys of experimental 
diabetic animals. Lithospermate B (LAB), a recently isolated component of S. 
miltiorrhizae, has beneficial effect on renal function of nephrectomized rats possibly 
through the reduction of ROS generation. In the present study, we have investigated 
whether LAB can ameliorate diabetic nephropathy. 

Materials and Methods: To in vitro system, murine mesangial cells were grown in 
DMEM media. Near confluent mesangial cells w ere incubated with scrum-free media 
for 24 hours to arrest and synchronize the cell growth. Then, the media was changed 
to serum-free DMEM containing different concentrations of glucose in the presence 
or absence of LAB. After LAB treatment, ROS generation, PKC activity, and TGF- 
beta 1 and Fibronectin protein synthesis were detected. 

To in vivo system, four experimental groups were formed: STZ-induccd diabetic rats 
(STZR; n = 6), age-matched control rats (CR; n = 6), diabetic rats treated with LAB 
(LAB + STZR; n = 6), and control rats treated with LAB (LAB + CR; n = 6). After 
treatment of LAB for 16 w eeks, 24 hours urinary albumin excretion was measured. 
Results: LAB inhibited ROS generation (normal control mesangial cell: 100%, 
lOOuM H202 treated mesangial cell: 148.64 ± 9.25%, lOOuM H202 + 20ug/ml LAB 
treated mesangial cell: 53.72 4 8.49%, all p < 0.05) and PKC activation (normal 
control mesangial cell: 100%, high glucose treated mesangial cell: 148.35 ± 19.85%, 
lOug/ml LAB + high glucsoe treated mesangial cell: 35.46 ± 3.98%, all p < 0.05) in 
mesangial cells cultured under high glucose. And effectively protected the 
progression of albuminuria in diabetic rats (control diabetic rat: 221 ± 34 mg/day, 
LAB treated diabetic rat: 43 ± 33 mg/day). At the general characterization of 
experimental rat, plasma glucose level was not effected by LAB between STZR and 
LAB + STZR. Kidney weight / lOOg body weight was increased at STZR compared 
with normal CR, and decreased at LAB + STZR compared STZR 
Conclusions: This study provides an evidence that LAB, an active components of S. 
miltiorrhizae radix, could be a new therapeutic agents for the t reatment of diabetic 
nephropathy. 
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Metabolic vs. hemodynamic factors in the pathogenesis of diabetic glomerulopathy: 
studies in the Milan rat model 

G. Pugfiese, F. Pricci, C. Iacobini, G. Leto, L Amadio, P. Barsotti, M. Valeri, M. Sorcini, 
F. Pugliese and U. Di Mario 

La Sapienza University and Istituto Superiore di Sanita, Rome, Italy 

Background and Aims: Rats of the Milan normotensive strain (MNS) develop an age- 
dependent glomerulosclerosis (GS), although they maintain normal blood pressure (BP) 
levels, whereas rats of the Milan hypertensive strain (MHS), developing moderate form of 
arterial hypertension (AH), are resistant to GS, possibly due to hypertrophy of intrarena! 
arteries protecting glomerular capillaries towards increased BP. This study was aimed at 
testing the hypothesis that diabetes accelerates the development of GS in the MNS and'or 
remove protection from renal disease in the MHS. Materials and Methods: MNS and 
MHS rats (aged 3 months) were rendered diabetic (D) by streptozotocin (55 mg/kg i.v.) 
and killed 6 months later, together with age-matched nondiabetic controls (ND) for the 
assessment of metabolic control, BP and renal function and structure. Three-month-old 
rats were also sacrificed for time 0 evaluation Results: BP was normal in MNS and 
elevated in MHS rats and was not influenced by diabetes. Serum creatinine and proteinuria 
increased in MNS, with no difference between D and ND (49.347.2 vs. 44.543.7 pmol/l 
and S02±125 vs. 7624120 mg/die), whereas they did not change in both MHS-D and ND 
(34.045.7 vs. 33.146.8 and 13.444.3 vs. 16.742.1). Glomerular disease was detected in the 
MNS, with diabetes accelerating lesions typical of diabetes, i.e. increased glomerular area 
(112524886 p2 in D vs. 98754691 in ND, p<0.01), fractional mesangial area (9.441.8% in 
D vs. 4.9i0.9% in ND, p<0.001) and GBM thickness (275415 nm in D vs. 223413 nm in 
ND, p< 0 05), but not of those characteristic of the age-dependent GS of this rat strain, i.e. 
glomerular sclerosis (18.0412.3% in D vs. 20.6410.3% in ND) and scoring of tubulo¬ 
interstitial damage (2.2941.10 in D vs. 2.1440.71 in ND). In contrast, the MHS rats 
showed no renal disease, as assessed by the above morphometric parameters, even after 6 
months of uncontrolled diabetes; this was associated with renal arteriole hypertrophy in 
both D and ND groups, as shown by the increased thickness (7.740.8 and 7.440.6 p vs. 
6.240.5 and 6.440.4 in the MNS), ratio to lumen and cross area of the media 
Conclusions: The fact that metabolic injury accelerates kidney disease in the GS-prone 
strain by superimposing diabetes-specific lesions, but is not able to produce renal lesions 
in the GS-resistant strain, due to the hypertrophy of intrarenal arteries, points to the 
importance of hemodynamic vs. metabolic factors in the pathogenesis of diabetic 
glomerular disease. In addition, it further supports a role for genetic predisposition. 
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Combination of Simvastatin and Cilazapril have preventive effect on diabetic 
nephropathy in Diabetic Rat and Cultured Mesangial Cells 
T. Yang, I.YV. Chen, C.P. Liu, Department of Endocrinology, First Affiliated Hospital 
of Nanjing Medical University, Nanjing, China 

Background and Aims: Diabetic nephropathy is a leading cause of end-stage renal 
disease and is characterized by excessive deposition of extracellular matrix (ECM) 
proteins in the glomeruli. Transforming growth factor-pi (TGF-pi) is the major 
mediator of excessive accumulation of ECM proteins in diabetic nephropathy through 
upregulation of genes encoding ECM proteins as well as downregulaton of genes for 
ECM-degrading enzymes. It has been shown that Iovastastin, an inhibitor of 3- 
hydroxy-methylglutaryl CoA reductase, delays the onset and progression of different 
models of experimental nephropathy. On the other hand, cilazapril, an inhibitor of 
angiotensin converting enzyme(ACE) can decrease albuminuria and delay progression 
of diabetic nephropathy as w ell. 

Materials and Methods: To evaluate the effect of simvastatio(3.6mg kg-I.d-1 by 
gavage) and combination of simvastatin and ci!azapril( 1 . 0 mg.kg-l.d-l by gavage) on 
the development and progression of diabetic nephropathy, streptozotocin-induced 
diabetic rats were studied for 8 weeks. To elucidate the mechanisms of the renal 
effects of simvastatin and cilazapril, human mesangial cells were cultured in control 
(5.6 mM) or high (30mM) glucose with simvastatin (10uM), cilazapril (lOitM) or 
both. 

Results: Compared with untreated diabetic rats, both simvastatin and cilazapril 
significantly decreased urine albumin/creatinine excretion rate(p< 0 . 01 ), suppressed 
TGF-pi mRNA expression(p<0.01), TGF-pi, fibronection, laminin and type IV 
collagen !evels(immunohistochemistry) in renal cortex, especially in combination 
group. Under high glucose, TGF-pl mRNA and TGF-pi, fibronection, laminin, type 
IV collagen proteins were upregulated. These high glucose-induced changes were 
suppressed by either simvastatin alone or combination of simvastatin and cilazapril. 
Conclusions: These results suggest that simvastatin has a direct cellular impact 
independent of a cholesterol-lowering effect and delays the onset and progression of 
diabetic nephropathy through suppression of glomerular expression of TGF-pi and 
reduction of fibronection, laminin and type IV collagen proteins in renal cortex. 
Combination of simvastatin and cilazapril can increase the effect by different 
mechanisms. 
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ATRIAL NATRIURETIC PEPTIDE INCREASES URINE ALBUMIN 
EXCRETION IN MICRO ALBUMINURIC SUBJECTS WITH TYPE 2 
DIABETES MELLITUS. 

KB Moore, K McKenna, A Glenn, W Tormey and CJ Thompson. Department 
of Diabetes, Beaumont Hospital, Dublin 9, Ireland. 

Background: Atrial natriuretic peptide (ANP) has been implicated in the 
pathogenesis of microalbuminuria in t>pe 1 diabetes mellitus. This study 
aimed to demonstrate the albuminuric effect of atrial natriuretic peptide in 
patients with type 2 diabetes. Methods: 7 male patients with microalbuminuric 
type 2 diabetes (age 50+ 8.8, duration of diabetes 6.86+2.67yrs) underwent a 
two limb, single blind, placebo controlled study. After overnight Cist, patients 
were fluid loaded orally (20ml/kg tap water and then replacing urinary losses) 
to achieve steady state diuresis. Plasma glucose was maintained in the 
euglycaemic range using intravenous insulin infusion. Once euglycaemic and 
in steady state diuresis, patients received an intravenous infusion of either 
placebo (50mls of 0.9%Nacl) or atrial natriuretic peptide (0.025Ugkg/min in 
50mls of 0.9% Nad) for 60mins. Results were analysed by ANOVA. Results: 
Baseline parameters were similar on both study days. Plasma levels of ANP 
increased significantly during the ANP infusion, but remained unchanged 
during the placebo limb, (P<0.001). Urinary albumin-creatinine ratio 
(ACR) increased significantly during ANP infusion when compared to 
placebo (63.3+42.3 to 869.1+ 805.2 V 77.39+ 72.3 to78.42 +.73Jmg/g creat, 
P=<0.0001) as did urine volume (Ur voIX 13.72+2.79 to 28.11+ 11.8 V 10.97 
+ 3.72 to 14.08 + 3.2 ml/min P<0.001) and urinary sodium (UrNa)(16.14+ 

6.12 to 44.28 + 29.84 V 20.28 + 9.1 to 17.57 + 8.1mMol/L, P<0.001). No 
changes in ANP, ACR, UrNa or Ur Vol were seen during placebo infusion. 
Conclusion: Intravenous infusion of atrial natriuretic peptide induces an 
increase in ACR in raicroalbuminuric patients with tjpe 2 diabetes mellitus. 
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IMPAIRED RESPONSE OF ALDOSTERONE TO ACTH INDEPENDENTLY 
PREDICTS END-STAGE RENAL DISEASE IN TYPE 2 DIABETES. 

T. Kigoshi, M. Fukuda, T. Ito, A. Nakagawa, S. Nakano and K. Uchida. 
Kanazawa Med. University, Uchinada, Japan 

Background and Aims: We hypothesized that an impairment of aldosterone 
response to ACTH could predict a group of type 2 diabetic patients who will 
rapidly reach end-stage renal disease (ESRD). To test our hypothesis, we as¬ 
sessed the association between the responsiveness of plasma aldosterone to 
ACTH at a much earlier stage before renal failure and the risk of ESRD. 
Materials and Methods: The subjects studied were 78 type 2 diabetic pa¬ 
tients (46 men and 32 women, 54±1 years) who were initially admitted to our 
hospital betw een April 1986 and December 1989. We excluded patients with 
hypoalbuminemia (serum albumin<36 g/1) or renal failure (serum creatinine 
>110 pmol/l). The observation period was defined as the number of days 
from the date of ACTH to the date of introduced hemodialysis or 31 March 
2000. ACTH injection was started after overnight recumbency. A blood 
sample for assays of plasma corticosteroids was obtained before and 30 and 
60 minutes after the injection. Each value of (aldosterone AUC above base- 
Iine)/15 was treated as continuous variable in the statistical analysis (rang¬ 
ing from 0 to 67.1). Renal survival curve was estimated using the Kap- 
lan-Meier product-limit method and compared by the log-rank test The ef¬ 
fects of prognostic factors on the outcome were evaluated by the Cox pro- 
portional-hazards model. Results: Of the 78 patients, 17 (21.8 %) were in¬ 
troduced to hemodialysis during the follow-up period (10.4 ± 0.4 years). 
When parameters selected in the univariate analysis were included in a 
stepwise Cox regression model, (aldosterone AUC above baseline)/15 and 
proteinuria were identified as the independent predictive factors of renal 
survival (relative risk=0.906,95% Cfc 0.849-0.966 and relative ri$k=5.165,95% 
Cfc 1.275-20.935, respectively). Conclusions: The present study for the first 
time indicates that an impairment of aldosterone response to ACTH is an 
independent and powerful predictor of ESRD in type 2 diabetes without az¬ 
otemia. 
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ROLE OF THE INTERCELLULAR ADHESION MOLECULE - 1 ( ICAM - 
1, CD 54 ) IN THE COURSE OF THE DIABETIC NEPHROPATHY IN TYPE 
1 DIABETES MELLITUS ( DM ) M. Shestakova, 1 L.Chugunova 1 M.Shamkchalova? 
T.Kochemasova? E.Polosukhinaf A Baryshnikov *and I.Dedov i ( Russian Research 
Centre for Endocrinology? N.N.Blokchin Cancer Research Centre, Moscow, Russia ). 
Background and Aims : Cell adhesion molecules ( CAMs ) have been demonstrated 
to be increased in diabetes mellitus and implicated in the development of micro - and 
macrovascular complications. Intercellular adhesion molecule - 1 (ICAM - I, CD 54 
) is expressed by different cell types. The aim of the study was to evaluate the clinical 
significance of the ICAM — I (CD 54) expression on leucocytes ( lymphocytes and 
granulocytes ) in Type I Diabetes and diabetic nephropathy (DN ). 

Materials and Methods : the cohort included 41 patients ( 16 males & 25 females, age 
mediana 26,4 years ) with Type 1 Diabetes and DN. Persons with other autoimmune, 
inflammatory,oncological and hematological diseases were not included into the 
study . Healthy controls ( n = 17 ) fited the study inclusion criteria. The CD 54 
expression on the surface of the blood lymphocytes and granulocytes was examined 
by flow cytometry using FACScan (Becton - Dickinson) . The data achieved 
presented on the Table 1. 

Results & Conclusion 


Table I. ICAM - 1 ( CD 54 ) Expression on Lymphocytes and Granulocytes in Patients With Type 1 
Diabetes and Diabetic Kephropathy, _ ___ 


Characteristics 

Group 1 

Nomoalbuminria 

Group II 

Microalb uminuria 

Group 111 
Proteinuria 

Healthy 

Controls 

N. ofpatients 

17 

8 

16 

17 

HbAlcfH) 

8.0iO. 3 

8.3 ±0.2 

8.5 ±0.6 

51 ±0.3 

CD54^ 

Lymphocytes ( */•) 

I2.l8d2.9l 

20.84±7.18 

20.4l±2.36“ 

12.41±3.02 

CD 54** 

Gran ulocytesfii) 

11.40 ±3-3 5 

14.9216.67 

16.91 ±19“ 

8.33±3.01 


A - versus controls (p <0.05) ; b - versus controls At normoalbuminuria (p<0.005 ) <& microalbuminuria 
(p < 0.05) 


We observe the rising CD 54 expression tendency in microalbuminuric and especially 
in proteinuric patients, reflecting the increased activative and adhesive ability of 
leucocytes on these stages. There needs further investigation of this mechanism, its 
correlation with metabolic control and DN prognosis. 
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SERUM CYSTATIN C IN TYPE 2 DIABETES : A RELIABLE MARKER 
FOR EARLY GLOMERULAR DYSFUNCTION 

Mostafa, N.A.; Fawzy, F. and Magd, Y. Internal Medicine and Biochemistry 
Departments, Zagazig University, Egypt. 

Background and Aims Human cystatin C (Cys C), previously named y trace 
has been proposed as a suitable marker for glomerular filtration rate (GFR). This 
study was conducted to determine the potential of Cys C as compared to serum' 
creatinine (S.C.) as a screening test for glomerular function in type 2 diabetics 
with variable degrees of renal affection. Subjects and Methods This study 
included eighty subjects : forty six males and thirty four females with age range 
17-64 years (M + SD 40.86 ± 11.50 years) were enrolled and subjected to 
complete clinical, urological, sonographic and histological examination. They 
were classified into 4 groups. Group 1: 20 control subject, group II: 20 diabetics 
with over renal failure undergoing conservative treatment, group III : 20 
diabetics with end stage renal disease undergoing regular hemodialysis and 
group IV : including 20 diabetic patients, 10 of them with microalbuminuria 
forming group IV-A and 10 patients with macroalbuminuria forming group IV- 
B. Results Both S.C. and Cys C, were equally significantly elevated among 
group II and group III with P values <0.01 for both parameters in both groups. 
Both S.C and Cys C showed an equal negative correlation to either of creatinine 
clearance (Cr cl) and GFR in the same groups II, III (P<0.01 for both) Cys C was 
significantly higher in diabetic patients with early nephropathy (group IV) 
compared to the control group I (P<0.05), with non significant elevation of S.C. 
(P>0.05). In patients with microalbuminuria group 1V-A S.C. did not correlate to 
either of Cr cl or GFR (P>0.05 for both) while Cys C showed significant 
correlation towards the same items with P value <0.05. In patients with 
microalbuminuria sensitivity of S.C in reflecting GFR was 95%, 100% and 60% 
in groups II, III and IV versus sensitivity of 100%, 100% and 80% for Cys C in 
the same groups in order. Specificity of S.C. and Cys C was almost equal in all 
groups. Conclusion This study confirmed the reliability of Cys C as a marker 
for GFR in diabetic patients w ith different stages of nephropathy. It is as good as 
S.C in follow up of overt renal failure patients but Cys C is a better marker than 
S.C in early detection of GFR changes in diabetic patients. 
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Impact of Sodium Intake on 24hr-Blood Pressure and Albuminuria in Type 2 
Diabetic Patients. 

M. Vedovato, A. Corarina, C. Mazzon, E. Jori, G. Lepore, A. Tiengo, S. Del Prato 
and R. Trevisan. Department of Clinical and Experimental Medicine, Padua and U.O. 
Diabetologia, Bergamo, Italy. 

Background and Aims: The effect of sodium intake on 24hr-bIood pressure, albumin 
excretion rate, insulin sensitivity and kidney haemodynamics was examined in 20 
Type 2 diabetic patients with (DM2+) and 21 without microalbuminuria (DM2-) 
well matched for metabolic control, BMI and blood pressure. 

Materials and Methods: The patients underwent two consecutive 7 days periods on a 
high- (250 mEq) or low-sodium (20 mEq) diet. Body weight, 24hr-blood pressure, 
and albuminuria were measured in the last 3 days of each diet period. Insulin- 
sensitivity (euglycaemic insulin clamp; 2 mU/kg/min) and kidney haemodynamics 
were measured at the end of high-sodium diet in 9 DM2+ and 7 DM2-. 
Intraglomerular pressure was calculated from glomerular filtration rate, renal plasma 
flow, plasma protein concentration and pressure-natriuresis relationships. 

Results: In DM2+, switching from a low- to high-sodium intake resulted in an 
increase in 24hr-blood pressure (+7.4+A4.7 mmHg; p<0.001), while no change 
occurred in DM2- (+1.3+/-3.4). After high-sodium diet, DM2+ gained more weight 
(+1.9+/-0.4 vs +0.6+/-0.3 Kg; p<0.05). Albuminuria did not change in DM2- (from 
8mcg/min[I-18][median and range] on low-sodium to 11 [3-27] on high-sodium diet), 
but increased in DM2+ from 80[31-183] to 101(27-965]; p<0.0. Insulin sensitivity 
was lower in DM2+ (5.0+/-0.5 vs 7.2+/-0.7 mg/kg/min; p<0.01). DM2+ also had 
greater intraglomerular pressure than DM2- (4S+/-3 mmHg vs 37+/-1; p<0.01). 
Urinary albumin excretion (r = 0.52; p<0.05) and insulin-sensitivity (r - -0.59; 
p<0.01) were correlated with intraglomerular pressure, but not with systemic blood 
pressure. 

Conclusions: High salt intake in DM2+ caused an increase in 24hr-bIood pressure 
and albuminuria. These responses were associated with insulin resistance and 
increased intraglomerular pressure. Insulin resistance may contribute to greater salt 
sensitivity, increased intraglomerular pressure and albuminuria. The results 
underscore the therapeutic importance of regulation of salt intake in preventing renal 
damage in Type 2 diabetic patients. 
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ELEVATED TRIGLYCERID LEVELS ARE A SIGNIFICANT RISK FACTOR 
FOR EARLY DEVELOPMENT OF DIABETIC NEPHROPATHY IN TY PE 2 
DIABETIC PATIENTS 

MAULER H., ABRAHAMIAN H., KAIDA A., RABENSTEINER D., IRSIGLER 
K., PRAGER R. 

3rd medical department and Ludwig Boltzmann-Institute for metabolic diseases. City 
hospital Vienna Lainz, Wolkersbergenstrasse 1, 1130 Vienna 

Background and Aims: Age, duration of diabetes, glycemic control and hypertension 
are established risk factors for the development of microvascular complications in 
type 2 diabetic patients. Complication free duration of diabetes is variable in different 
patients, the protecting or promoting mechanisms are not completely elucidated. 
Animal and in vitro data suggest that dyslipidemia plays a major role in the initiation 
and progression of nephropathy. The aim of the following study was to identify type 2 
diabetic patients with early onset of nephropathy and to analyse the contributing risk 
factors. 

Materials and Methods: A total of 171 patients with type 2 diabetes mellitus 
participated in this cross-sectional and longitudinal analysis (Age:48±10 years, m/f: 
97/74 , 51% had a co-existence of hypertension). 44% of patients got nephropathy 
after a duration of diabetes of 13±9 years. The investigated risk factors were: Age, 
glycemic control, cholesterol, triglycerides, ACE-polymorphism, gender and co¬ 
existence of hypertension at diagnosis of diabetes. 

Results: The univariate models showed a statistically significant effect of age 
(p<0,0001) and triglycerides (p<0,0005) at diagnosis on early development of 
nephropathy. Comparing patients with triglycerides of 250 mg/dl to patients with 
triglycerides of 150 mg/dl, relative risk was 1,4. The multiple regression model 
showed an independent significant effect of age (p<0,0001) and triglycerides at 
diagnosis (p<0,005) and also gender (p<0,03) on the incidence of nephropathy. 
Glycemic control, cholesterol, a coexistence of hypertension at diagnosis and ACE- 
polymorphism did not have any influence on early onset of nephropathy. 

Conclusions: Our results show, that elevated triglycerid-levels, established markers 
for insulin resistance, predict an increased risk for nephropathy. The early and 
aggressive treatment of hypertriglyceridemia could probably decrease the risk for the 
incidence of renal damage. 
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RENAL HEMODYNAMIC IN PRECLINCAL NEPHROPATHY IN 
DIABETES TYPE I MEASURED BY COLOR-DOPPLER ULTRASOUND 
S. Acquati, F. Pellicano, A. Van ini*, F. Dal Pane, Af. Zappi*. D. Afanservigi 
and P.L. Pareschi.- Department for diabetes and * Department of vascular 
diagnostic, Sant ’Anna Hospital, Ferrara, ITALY 

Doppler sonography has been used clinically to examine intrarena! 
hemodynamic abnormalities. Few reports describing the application of 
doppler sonography in patients with diabetes mellitus have been published. 
Aim of this study was to evaluate the possible correlation between resistive 
index (RI) of renal artery and intrarenal vessels and the presence of diabetic 
nephropathy in 40 patients affected by diabetes type 1. Patients and methods 
We divided the patients in two groups in relation to the urinary albumin 
excretion (UAE) values;♦ group 1: 20 patients (6F 14M; age 36±6 yrs, 
duration of diabetes 18±5 yrs) with UAE <20 pg/min ♦ group 2: 20 patients 
(8F 12M; age 33±5 yrs; duration of diabetes 22±6 yrs) with UAE £20 and 
<200 pg/min. All group 2 patients underwent ACE inhibitors therapy. 
Ultrasound examination was performed by a triplex doppler apparatus (HDI 
ATL 3000). All measurements were performed by the same examiner who 
was unaware of the subject's characteristics. Results We observed that both 
intrarenal vessels RI and renal artery RI values were significantly higher in 
group 2 than those in group 1. In particular intrarenal vessels RI was 
0.60±0.04 in group 1 and 0.64±0.04 in group 2 (p=0.003) and renal artery RI 
was 0.64±0.04 in group I and 0.69±0.04 in group 2 (p=0.001). We also 
analyzed the intima medial thickness of the common carotid arteries (IMT) 
and we found that it was higher in group 1 (0.76±0.1 mm) than in group 2 
(0.69±0.1 mm) but this difference was not statistically significant. When we 
compared IMT and RI values we didn’t find any correlation between them. 
Conclusions These results demonstrate that; 1) type 1 diabetics with a 
preclinical nephropathy show a different intrarenal hemodynamic compared 
to those without renal complications; 2) no correlation exists between renal RI 
and carotid IMT, marker of macrovascular damage, in diabetes type 1. 
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RENAL DUPLEX DOPPLER SONOGRAPHY LN PATIENTS WITH INSULIN 
DEPENDENT DIABETES COMPLICATED BY EARLY NEPHROPATHY 

I.Simeonov, Laboratory of CT, University School of Medicine, 5S00 Pleven, 
Bulgaria 

Background and Aims: Diabetic nephropathy affects a subset of about 40% of 
patients with insulin-dependent diabetes mcllitus (IDDM) and 30-50% of patients 
with non insulin dependent diabetes mellitus (NIDDM), after a period of 15-20 
years. It is usually divided in 5 stages: the first 3 are characterized by renal 
hypertrophy and increased glomerular filtration surface area (I stage) followed by 
glomerular histological lesion (II stage) and early nephropathy with 
microalbuminuria (III stage). At these stages nephropathy is still reversible by 
medical treatment (ACE inhibitors) and good metabolic control. Aim of this study 
was to assess the usefulness of Duplex sonography with Doppler waveform analysis 
in the evaluation of early diabetic nephropathy, in order to detect patients at risk for 
irreversible ren3l disease. Materials and Methods: Fifteen patients (10 males, 5 
females) aged 28-46 years, affected by IDDM were studied; 15 healthy subjects (7 
males, 8 females) aged 20-45 years composed the control group. All of them 
underwent Duplex Doppler sonography of kidney; a scanner with 3.5 Mhz 
transducer (Toshiba 270 SSA) was used. All patients had renal function tests within 
normal range. Pulsatily index (P.I.) and Resistive index (R.1.) of Doppler waveform 
were obtained at the interlobar arteries; the average value of 3 bilateral 
measurements was taken. The same author without knowledge of the studied group 
(patient or control) did Doppler sonography. Results: Both indexes (P.I. and R.L) 
showed higher values in patients with IDDM compared to controls: P.I.=1.46±0.30 
vs. 1.07±0.06, p<0.05; R.I.=0.77±0.09 vs. 0.60±0.03, p<0.05. Conclusions: Even if 
our data have to be confirmed by further studies, they suggest that Duplex Doppler 
sonography may be useful complementary test in the evaluation of diabetic 
nephropathy, even in early stages. 
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CLINICAL VARIABILITY IN URINARY A LB U M IN: CRE ATLN L\E 
RATIOS 

E. CHAPMAN and J. D. WALKER 
Department of Diabetes, Royal Infirmary, Edinburgh 

The diagnosis of microalbuminuria is of major clinic importance in diabetes. 
Due to the variability of urinary albumin excretion an abnormal ACR needs 
to be confirmed. We assessed the variability of ACR in 3 early morning, 
first-voided urine samples in a hospital diabetes clinic setting. 228 patients, 
139 men, 89 women, aged 58 (11-85 years) (median (range)), with a clinic 
ACR in the microalbuminuric range were studied. The median (range) of the 
3 ACR levels was 2.8 (1.0 - 49.6) mg/mmol. The CV of the collections was 
15 (0-117)%. The variability was similar between men and women (13 (0- 
111) vs 18 (0-117)%, respectively). Mean ACR values were divided below 
(LOW) and above (HIGH) 4.0 mg/tnmol. The median (range) CV of the 
LOW group was similar to that of the HIGH group (12 (0-117) vs 19 (1- 
111)%, n.s.). In a second experiment the variability when only 2 ACR 
results were used was compared with the variability when 3 results were 
used. The median (range) of the CV for each set of 2 collections was 13 (0- 
107)% compared with 15 (0-117)% for 3 ACR values. Again the samples 
were divided below and above 4.0mg/mmol. In the LOW group the median 
(range) CV when only 2 ACRs were used was 9 (0-91)% compared with 12 
(0-73)% when 3 results were used. For the HIGH group the results were 18 
(0-106)% and 19 (1-111)% when 2 and 3 ACR results were used 
respectively. Gender had no effect whether 2 or 3 collections were used. In 
summary this large clinical survey has shown a lower variance in ACR 
levels in the microalbuminuric range compared to published series. Two 
ACR measurements in first-voided early morning urine samples provides the 
same information as three measurements. 
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INSULIN SENSITIVITY AS A PREDICTOR OF TYPE 2 DIABETIC 
NEPHROPATHY: RESULTS FROM A CROSS-SECTIONAL STUDY 

P. Ruggenentil. A Parvanoval, R. Trevisan2, B. D. Dimitrov 1,3,1. Ilievl, A. Fassil, 
A. Pemal, F. Amoldil, M. Vedovato4, A Tiengo4 and G. Remuzzil,5 1 Mario 
Negri Institute for Pharmacological Research, Villa Camozzi, Ranica (BG), Italy; 
2Department of Diabetology, Ospedali Riuniti, Bergamo, Italy; 3Department of 
Social Medicine, Higher Medical Institute, Plovdiv, Bulgaria; 4Unit for Metabolic 
Diseases, Policlinico Universitario, Padova, Italy; 5Division of Nephrology, Ospedali 
Riuniti, Bergamo, Italy 

Background and Aims: Impaired insulin sensitivity (IS) clusters with type 2 diabetes 
mellitus, hypertension, obesity, dyslipidemia and increased cardiovascular risk. In this 
cross-sectional pilot study we examined the relationship between IS and other 
putative risk factors and markers of diabetic nephropathy (age, BM3, diabetes duration 
[DUR], BP, HbAlc, AER, GFR, creatinine, total cholesterol [CH], LDL-CH and 
triglycerides [TG)). 

Materials and Methods: IS was measured by hyperinsulinemic euglycemic damp 
(insulin 80 mU/sq.rn./min) in 122 type 2 diabetic patients with normo- (n=3I), micro- 
(n=56) and macroalbuminuria (n=35). GFR was measured by iohexol plasma 
clearance. Data were analysed by descriptive statistics and regression analysis. DUR, 
AER and TG were log-transformed. 

Results: Age, BMI and HbAlc were similar in the three groups Normoalbuminurics 
showed higher IS (M-value, mean 7.13, SD 2.89 mg/kg/min, p<0 05) than micro- and 
macroalbuminuric patients (5.58,2.19 and 4.75,1.71, respectively). Macroabuminuric 
patients showed highest BP in spite of treatment, highest plasma levels of TG, LDL- 
cholesterol and total CH as well as longest DUR (p<0.05). In patients with increased 
InAER, IS was not significantly related to GFR, HbAlc, total CH and TG. 
Conclusions: A greater insulin resistance characterizes type 2 diabetic patients with 
abnormal AER regardless of diabetes duration, metabolic control and other 
concomitant risk factors. Despite the limitations of this cross-sectional design, these 
data suggest that insulin sensitivity might be an independent predictor of diabetic 
nephropathy and its cardiovascular complications. 
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THE ROLE OF THE PROLYL ENDOPEPT1DASE IN DIABETIC 
NEPHROPATHY 

W. Grzeszczak, DK MoczuJski, E Zukowska-Szczechowska and 
S Gorczyska-Kosiorz, Department of Internal Medicine and Diabetes, Silesian School 
of Medicine, Zabrze, Poland 

Background and Aims: Prolyl endopeptidase (PREP) is involved in degradation of 
angiotensin I (Ang I) and angiotensin II (Ang II) to angiotensin-(l-7). The process of 
cleaving of Ang I and Ang II to angiotensin-(l-7) by prolyl endopeptidase may be 
involved in the pathogenesis of diabetic nephropathy. The aim of the study was to 
find a genetic variant in the prolyl endopeptidase gene and examine its role in diabetic 
nephropathy. 

Materials and Methods: We compared all cDNA sequences of the PREP gene from 
the available databases and found a frequent A/G polymorphism in the last exon of 
the gene, which changed valin to isoleucin. The polymorphism was confirmed by 
direct sequencing. A PCR-based RFLP protocol was designed with the Sail 
restriction enzyme. We collected two groups of type 2 diabetes patients: 294 patients 
with normoalbuminuria and 280 patients with nephropathy. Each patient was 
genotyped for the A/G polymorphism in the PREP gene and the frequency of 
genotypes was compared between the study groups. 

Results: The genotype frequency was similar in the group with and without 
nephropathy. When we included in the normoalbuminuria group only those patients 
who were free of renal complication after at least 15 years of known diabetes duration 
we found a positive association between diabetic nephropathy and the A/G 
polymorphism in the PREP gene. The frequency of A allele carriers (AA and AG 
genotypes) was higher among patients with nephropathy than in patients with 
normoalbuminuria (30% vs 18%; p 5r 0,039). 

Conclusions: The present study indicates that the A allele of the Sail polymorphism 
in the prolyl endopeptidase gene is a risk factor for nephropathy in patients with type 
2 diabetes. 
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SERUM ACTIVITY OF LYSOSOMAL ENZYMES AND URINARY 
GLYCOSAMINOGLYCAN EXCRETION IN DIABETIC NEPHROPATHY 

V. Klimontov, I. Bondar, G. Paul and A. Pupyshev. Novosibirsk State Medical 
Academy, Novosibirsk, Russia 

Background and Aims: The increased serum activity of lysosomal enzymes (LE) 
was found in diabetes mellitus (DM). It has been proposed that degradative action of 
circulating LE on endothelial and basement membrane glycoconjugates may be 
important in the pathogenesis of diabetic vascular complications. We studied the 
relationships between serum activity of LE, endothelial dysfunction and urinary 
glycosaminoglycan (GAG) in DM patients with and without nephropathy (DN). 
Materials and Methods: 46 type 1 DM patients (25 M, 21 F; age 30.3+1.7 yrs) and 
25 healthy controls were studed. 14 diabetes patients were normoalbuminuric (DN-), 
32 micro- or macroalbuminuric (DN+). The activity of N-acetyl-glucosaminidase 
(NAG) and P-galactosidase in serum, the level of von Willebrand factor (vWF) 
antigen in plasma, the content and composition of GAG in urine were analysed 



DN- 

DN+ 

Controls 

NAG fnmolxh-W) 

875+59* 

1267+67** 

668+32 

p-galactosidase (nmolxh* , xmr l ) 

1.35+0.16 

1.73+0.23* 

0.90+0.16 

vWF (%) 

109.3+5.9 

139.9+4.5** 

101.7+1.3 

GAG (mg/mmol creatinine) 

5.29±0.69* 

6.22+0.55* 

232+0.19 


* - p<0.05 v. s. control; ** - p<0.05 v. s. control and DN- group; Mean+SEM 
Both LE correlated positively with albuminuria (p<0.001) and vWF (p<0.01). 
Correlation between LE and GAG was significant (p<0.02) in DN+ group only. The 
main urinary GAG in the control was chondroitin sulfate. Two DN- and 22 DN+ 
patients had increased heparan sulfate excretion and demonstrated the highest NAG 
and p-galactosidase activity (1486+63 and 1.87+0.19 nmolxh^xml' 1 respectively). 
Conclusions: High lysosomal glycohydrolase serum activity in complicated type 1 
DM is associated with albuminuria, endothelial dysfunction and increased urinary 
GAG (mainly heparan sulfate) excretion, suggesting that LE may be involved in the 
pathogenesis of diabetic nephropathy. 
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COURSE OF NEPHROPATHY AND PROGNOSIS OF PROTEINURIC 
TYPE 2 DIABETIC PATIENTS OVER 3 DECADES (1970-2000) 

C. Hasslacher., S. Koops, F. Ruderich, D. Weise, Dept, of Int. Medicine, St 
Josefkrankenhaus Heidelberg, Germany 

Background and Aims:Diabctic nephropathy (DN) is the most common 
cause of renal replacement therapy although treatment modalities have 
significantlyimprovcd in recent years. We investigated quality of treatment 
and course ofnephropathy during the last 3 decades. Patients and methods: 
70 type 2 diabetic patients with macroalbuminuria who were treated in the 
1970s (n=22), 1980s (n = 22) and 1990s (n=22) in Heidelberg. The following 
parameters were investigated: metabolic control (blood glucose HbAlc) 
blood pressure and lipid levels (cholesterol, triglycerides), loss of kidney 
function (creatinine clearance).Type 2 diabetics without DN treated during 
the same time period (n=20/24/23) served as controls. The mean duration of 
observation was 54 months. Results: Patients with DN showed a clear 
improvement in the 1980s and the 1990s compared to the 1970s with respect 
to metabolic control, blood pressure control and lipid levels. There were no 
significant differences between the patient group of the 1980s and the 1990s. 
20% of patients with DN in the 1980s but 93% in the 1990s were treated with 
ACE inhibitors. Loss of kidney function was diminished in patients with DN 
during the observation periods: -6,4 ml/min/year in the 1970s, - 4.4 and -3.0 
ml/min/year in the 1980s and 1990s respectively. The corresponding Figures 
of the controls were :-0,7/ - 0,3 /-1,6 ml/min/year. There was no significant 
difference in loss of kidney function between patients with and without DN 
in the 1990s. Life prognosis improved markedly over the decades in patients 
with DN: Five-year actuarial survival was 35%,75%,100%; the 
corresponding figures in controls were 83%/ 95% /100%. Thus in the1990s 
there was no difference between both groups Conclusion: renal and life 
prognosis could be markedly improved during the last 3 decades as a result of 
an intensified metabolic and blood pressure treatment. The improvement of 
prognosis in the 1990s may be due to a general use of ACE inhibitors in 
proteinuric patients. 
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Five-years Incidence and determinants of renal insufficiency in ty pe 2 diabetes: 
the Casale Monferrato Study. 

G. Bruno, P. Cavallo Perm, G.Bargero, S. Ferrero, E.Venturi, F. Pasini, E.Gandolfo, 
G.Pagano. Dept Internal Medicine, University of Turin and Santo Spirito Hospital, 
Casale Monferrato, Italy. 

Background and Aims: Diabetic nephropathy is becoming the leading cause of end- 
stage renal disease. Few follow-up studies have been conducted in Caucasians 
populations so that the natural history of the disease is poorly known. We have 
previously identified a large population-based cohort of type 2 diabetes and classified 
them according to overnight albumin excretion rate (AER) in normoalbuminuric (a 
765), microalbuminuric (a488) and macroalbuminuric (a 268). Aims of this study 
were to assess in a 5 ->ts follow-up the cumulative incidence and the determinants of 
renal insufficiency (plasma creatinine values >177 umol/l). 

Materials and Methods: Baseline examinations were centralized. The time period 
was calculated from the baseline study (1991-92) to the follow-up examination (1996- 
98). Censored observations were patients who died and those who moved from the 
area; for them, medical records (hospital discharges, computerized data of centralized 
laboraoiy) were examined. Independent predictors of progression to renal 
insufficiency were identified with logistic regression. 

Results: The follow-up examination was performed in 1356 patients (86% of the 
cohort); out of the remaining, 109 were dead and their death certificates were 
analyzed, 109 could not be traced. Mean (SD) follow-up was 4.8 (1.8) yrs, with 
median 5.27, giving a total of 6503.7 person-years of observations; 72 new cases of 
chronic renal insufficiency' were found (incidence /1,000 11.07, 95% Cl 8.79-13.95). 
Rates were higher in macro- than in micro- and normoalbuminuric patients: 
37.75/1,000, (27.47-51.88) vs 10.33/1,000 (6.86-15.45) and 3.36/1,000 (1.86-6.07). 
The RR of the upper vs the lower textile of HbAlc was 1.85 (0.97-3.51). In logistic 
regression, after adjustment for age, sex and antidiabetic treatment, the following 
variables were independently associated with progression: microalbuminuria (RR 
3.12, 1.48-6.55), macrocroalbuminuria (RR 11.00, 5.35-22.59); systolic blood 
pressure >=179 vs <=138 mmHg (RR 2.25.1.03-4.89); fibrinogen >=4.1 vs <=2.3 g/1 
(RR 2.69, 1 . 24 - 5 . 85 ) and uric acid >=381 vs <=256 umol/l (RR2.62,1.16-5.88). 
Conclusions: This population-based study shows that 5-yrs cumulative incidence of 
renal insufficiency is relevant and that macroalbuminuria is the strongest predictor. 
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The progression of glomerulopathy during 8 years in young patients with Type 1 
diabetes and microalbuminuria. 

H.J. Bangstad, R. Osterby, S. Rudberg, A. Hartmann, K.F. Hanssen. Ullevil and Aker 
University Hospitals, Rikshospitalct, Oslo, Norway, Karolinska Institute, Stockholm, 
Sweden, and Aarhus Kommunchospital, Aarhus, Denmark 

Background and Aims: Investigate prospectively the relationship between renal 
function and structural glomerular changes in young patients with Typel diabetes and 
microalbuminuria. 

Materials and Methods: An 8-years prospective study, 18 patients, age (mean) 20.1 
yrs, duration of diabetes II yrs, HbAlc 10.1%, albumin excretion rate (AER) 45 
ug/min, GFR 140 ml/min/1.73sqm, BP 125/81 mm Hg. Kidney biopsies were taken at 
baseline (B) and after 8 yrs (F). Glomerular ultra structural parameters were analysed 
with stereologica! methods. 

Results: (mean and 95% Cl). During the study mean HbAlc was 9.3 (8.7-10.0)%, 
and AER and BP did not change. GFR decreased from 143 (130-156) 125 (114-135) 
ml/mi n/1.73 sqm (p<0,05) Glomerular volume (GV), matrix [Vv(matrix/gIom)] and 
mesangial (Vv(mes/glom)] volume fraction, and basement membrane thickness 
(BMT) showed a higly significant increase during the 8 years. Mean 8-years HbAlc 
was associated with structural change (delta) during the study Vv(mcs/glom), r=0.56, 
p=0.02, negatively with GFR-F, r= - 0.61, p=0.01and delta GFR, r= - 0.49, p<0.05 
(i.e. high HbAlc = large decline in GFR). Delta AER during the study was correlated 
to Vv(mat/gIom)-F, r=0.52, p<0 05, BMT-F, r=0.49,< 0.05, GV-F, r=0.62, p<0.01 and 
delta GV, r-0.58, p'MXOl. With AER-F as the dependent variable, mean 8-yrs HbAlc 
(p<0.03), Vv(mat/gIom)-B (p^0.004) and BMT-B (p<0.005) contributed significantly. 
With GFR-F as the dependent variable, only mean 8-years HbAlc contributed 
significantly, p<0.01. For delta GFR mean 8-yr$ HbAlc and GFR-B was of 
significance (sqR =■ 0.62). However, when GFR-B was excluded from the analysis, 
smoking, mean HbAlc and Vv(mes/glom)-B contributed significantly to the model 
(sqR = 0.59). With change during the study in Vv(mcs/glom) as dependent variable 
and mean 8-yrs HbAlc, mean systolic BP and smoking during the study as the 
independent variables, only HbAlc contributed significantly, p <0.01. 

Conclusions: Long term hyperglycaemia, smoking, the degree glomerulopathy at 
baseline, and previous hyperfiltration predict the kidney function after twenty years 
duration of diabetes. 
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DIABETIC NEPHROPATHY: VASCULAR DISEASE AND SURVIVAL 

N Joss, KR Paterson* and JM Boulton-Jones. Renal and Diabetic* Unit, Glasgow 
Royal Infirmary, Glasgow, Scotland 

Background and Aims: Diabetic nephropathy results in increased cardiovascular 
morbidity and mortality. One of the policies of our combined diabetic-renal clinic is 
aggressive management of cardiovascular risk factors. The aims of this study were to 
determine the prevalence of cardiovascular disease at referral to the clinic and to 
determine which factors predicted death. 

Materials and Methods: A retrospective audit of patients with type 2 diabetes and 
nephropathy attending a combined clininc was performed. Survival curves were 
derived from Kaplan Meier technique and the importance of factors influencing death 
were assessed by Cox regression analysis. 

Results: 126 patients were identified (50% female, mean age 60.2y, median serum 
creatinine 195umol/I, median albuminxreatinine ratio 293mg/mmol). 68.3% had a 
documented clinical history of vascular disease at referral. Parameters at referral: BP 
165/87, HbAlc 8.2%, cholesterol 6.4mmoI/l. The median number of anti-hypertensive 
drugs prescribed was 1, 41% of patients were prescribed ACE inhibitors, 14% statins 
and 46% aspirin. During follow up improvements were seen in blood pressure and 
cholesterol (BP 155/77, p<0.005; cholesterol 5mmol/1, p<0.005). No change was seen 
in glycaemic control. The median number of anti-hypertensive agents prescribed 
increased to 3, 74% were prescribed ACE inhibitors, 31% statins and 68% aspirin. 
Median patient survival (95%C1) from time of referral was 61 months (46.3,75.7), 
death rate was 10% per year. 73% of deaths w ere the consequence of a vascular event. 
Factors predicting death on multivariate analysis were low haemoglobin, high 
albuminuria, female sex and the lack of use of aspirin at referral. 

Conclusions: Patients with type 2 diabetes and nephropathy have well established 
vascular disease at refenal to a combined clinic. Despite improvements in risk factor 
profile while attending the combined clinic, survival was poor. These patients are high 
risk patients and should bo offered aggressive cardiovascular protection early. 
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PROTECTIVE ROLE OF FEMALE SEX IN THE DEVELOPMENT OF 
NEPHROPATHY IN TYPE 2 DIABETICS WITH HYPERTENSION 
A.E.Raptis, A.G.Yalouris, G.Dimitriadis, N.Tounlas, P.IIalvatsiotis, C.Sotiropoulos, 
and S.A.Raptis, Second Dept, of Internal Medicine, Research Institute and Diabetes 
Center, Athens University, Evangelismos Hospital, Athens, Greece 
Background and Alms: The coexistence of arterial hypertension and diabetic 
nephropathy (DN) in type 2 diabetic patients is very common. In order to investigate 
the probable influence of sex in the development of diabetic nephropathy we studied 
226 hypertensive type 2 diabetic patients of our diabetic center. Materials and 
Methods : DN was diagnosed by the measurement of the albumin/creatininc ratio 
in a morning urine sample (normal values: men <2,5 and women <3,5 mg/mmol). 



Men 
with DN 

Men 

without DN 

Women 
with DN 

Women 
without DN 

Patients 

41 

54 

33 

98 

HbAlc (%) 

6.8±1,7 

6,4±1,9 

7,8 ±1.9 

6.4±1,4 

Duration of DM (yrs) 

10,7±6,3 

10,0±6,3 

16,4±6,7 

9,416,3 

Age (>TS) 

66,0±S,8 

65,3±7,7 

65,3±9,5 

62,2±7,5 


Results : There was a statistically significant difference in the percentage of 
development of DN between hypertensive men and women (43,1% versus 25,2%, 
p=0,005). Hypertensive women who developed DN had significantly higher values 
of HbAlc (p=0,005, F=4,44) and duration of diabetes (p<0.001, F=10,05) as 
compared to hypertensive women without DN and the men of both groups. It must 
be noticed that in the population w ithout DN there was not any significant difference 
between men (22 out of 54) and women (54 out of 98) who were treated with ACE 
inhibitors for their hypertension. Conclusions: The development of DN in 
hypertensive type 2 diabetic patients is significantly more frequent in men than in 
women. For the development of DN in hypertensive diabetic women a more 
prolonged course of diabetes and a less sufficient glycaemic control seem to be 
required. 


DIFFERENT METABOLIC AND RENAL EFFECTS OF LNSULLN LISPRO IN 
MICRO AND MACRO ALBUM IN URIC TYPE 2 DIABETICS 
C. Arcs*, P. Ruggenenti* , G. Gilardelli*, C. Flores*, A. R. Dodesini, A. Spalluzzi, 
F. Amoldi*, D. Cattaneo* and G. Remuzzi* . Ospedali di Treviglio, Bergamo c S. 
Giovanni Bianco; *Istituto dt Ricerche Farm3co!ogiche Mario Negri, Bergamo, Italy 
Background and Aims: Insulin Lispro (L), by limiting post prandial hyperglycemia, 
might reduce glucose-induced hyperfiltration, a possible determinant of diabetic 
nephropathy. In two separate occasions two weeks apart we compared post prandial 
metabolic and renal response to a standard meal (692 kcal, 54.2% carbohydrates, 
17.4% proteins, 28.4% lipids) after the s.c. injection of 0.1 U/kg body weight of L or 
Regular (R) insulin in 21 (11 macro and 10 microalbuminuric) type 2 diabetics with 
serum creatinine <1.5 mg'dl. 

Materials and Methods: Mean arterial pressure (MAP), blood glucose (BG), GFR 
and RPF (inulin and PAH renal clearances), and urinary albumin excretion were 
measured over 2 h before and 6 h after the meal. Filtration fraction (FF), renal 
vascular resistances (RVR) and albumin fractional clearances were calculated by 
standard formules. 

Results: In macroalbuminurics, BG levels were significantly lower (p<0.05) with L 
than with R from minutes 60 to 180. Percentual changes vs. basal with L and R at 
hours 2, 4, 6 were respectively: MAP: 0.8(5.9) vs -3.9(7.7), 6.1(11.5) vs -1.6(11) 
(p<0.05), 8.9(12.4) vs 2.5(9 9); GFR: -6.3(4.7) vs 5.8(5) (p<0.05), 0.7(5.1) vs 11 (6.8) 
(p<0.05), 4 4(3.4) vs 11(8.1); RPF: -4.9(19.2) vs 5.9(21.6), -4.5(22.4) vs 9.0(19.3), - 
0.9(28.1) vs 13.1(36.1), FF: -0.01(0.05) vs -0.01(0.05). 0.01(0.06) vs -0.02(0.04), 
0.03(0.07) vs -0.01(0.07), RVR: 10(7) vs -5.6(5), 18(10) vs -8(5) (p<0.05). 19(1) vs 
0(11), albumin fractional clearance: 26(20) vs 42(31), 13(18) vs 44(34), 36(38) vs 
117(74). Percentual changes in GFR (r: -0.84) and RPF (r:-0.77) were significantly 
correlated (p<0.05) with L plasma levels, but not with R and BG. All patients had 
supressed c-peptide. Changes in microalbuminurics were similar, but not significant. 
Conclusions: L prevents postprandial hyperglycemia, renal vasodilation and 
hyperfiltration, and tends to limit albuminuria more effectively in macro than in 
microalbuminuric type 2 diabetics. Mechanisms additional to improved metabolic 
control are likely involved in renal response to L. 
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EFFECT OF PROTEIN RESTRICTION ON PROGNOSIS IN TYPE 1 
DIABETIC PATIENTS WITH DIABETIC NEPHROPATHY 

H. P. Hansen, E. Taubcr-Lassen, B. R. Jensen and H.-H. Parving. Stcno 
Diabetes Center, Gentofte, Denmark. 

Background and aims: Protein restriction improves survival and delays the 
progression to end-stage renal disease (ESRD) in non-diabetic nephropathies. 
The aims of the study were to determine the effect of protein restriction on 
the decline in GFR and the development of ESRD or death in diabetic 
nephropathy. Material and methods: We performed a 4-year prospective, 
randomised, controlled trial comparing the effect of a low-protein diet (0.6 g 
protein/kg/day) with a usual-protein diet. Eighty-two type 1 diabetic patients 
with progressive diabetic nephropathy (pre-study mean decline in GFR of 7.1 
(5.8 to 8.5) ml/min/year) consecutively entered the study. Protein intake (24- 
hr urinary nitrogen excretion), GFR ( 5l Cr-EDTA), AER (ELISA), BP 
(random zero sphygmomanometer) and HbAi c (HPLC) were measured. Data 
are means with 95 % Cl. Results: At baseline, patients in the two diet groups 
were comparable regarding protein intake, BP, GFR, AER, HbA| C , lipids, 
previous cardiovascular disease (CVD), antihypertensive therapy and 
smoking habits. During follow-up the usual-protein diet group consumed 

I. 02 (0.95 to 1.10) g of protein/kg/day, as compared with 0.89 (0.83 to 0.95) 
in the low-protein diet group (p—0.005). The mean declines in GFR were 3.9 
(2.7 to 5.2) ml/min/year in the usual-protein diet group and 3.8 (2.8 to 4.8) in 
the low-protein diet group (NS). Death or ESRD occurred in 27 % of patients 
on usual-protein diet, as compared with 10 % on low-protein diet (log-rank 
test; p=0.042). The relative risk of death or ESRD was 0.23 (0.07 to 0.72) for 
patients assigned to low-protein diet, after adjustment for the presence at 
baseline of CVD (p=0.0l). BP, AER, HbAu, lipids, antihypertensive therapy 
and smoking habits were comparable in the two diet groups during follow¬ 
up. Conclusion: Moderate protein restriction improves prognosis in type 1 
diabetic patients with progressive diabetic nephropathy. 
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BENEFICIAL EFFECT OF ACEI AND PENTOXYPI1YLINE VERSUS ACE1 
IN HYPERTENSIVE. MICROALBUMINURIC TYPE II DIABETICS 
T.Ba$ttJrk, S.Scbcr.A SencOl . B.Ozliirk, G.TiIrkcj.M.lfcn, and Y.Allunta? 

5>5li Etfal Education and Research Hospital. Department of Endocrinology and 
Diabetes, Istanbul-Turkcy. 

Background and Ainisiln advanced diabetic nephropathy, combined treatment 
with ACE inhibitors (ACEI) and pentoxyphylinc scents to offer a higher 
rcnoprolcction than ACE inhibitors alone. The aim of this study was to evaluate 
beneficial effect of pentoxyphylinc addition to ACE inhibitor treatment in type II 
diabetic patient with hypertension and persistent microalbuminuria (MCA). 
Materials and Method: Fifty type II diabetic hypertensive patients with MCA 
(30-300 mg/24 hrs in two measurements) offer at least 6 months ACEI treatment 
were identified (scrum creatinine >150 mmol/L or advanced heart insufficiency 
were exclusion criteria) Patients were randomized: group I (n= 25; lisinopril) 
and group II (n= 25; lisinopril plus 600 mg pcntoxypliyline). Lisinopril dose was 
individualized in both groups according to blood pressure. All patients 
completed 6 months of follow lip. Blood pressure (BP), BM1, urinary albumin 
excretion (UAE) and IlbAlc were monitored. Results were analyzed with SPSS 
9.01 ANO VA and t-tesls were used. 

Results: Both groups were initially similar in terms of sex, age (58.7 vs. 58.3 
yrs), diabetes duration (12.7 vs. 12.9 yrs), BM1, BP (systolic 149 vs. 148 nimllg, 
diastolic 82 vs. 83 nimllg), HbAic (7.7 vs. 7.9%). cholesterol, creatinine and 
smoking habits. Initial UAE were also similar (228 vs. 208 uig/24 hrs). 9 months 
after randomization UAE had decreased to mean 148-mg/24 hours (p<0.001) in 
group I and to mean 128-ntg/24 hrs. (p<0.001) in group II. The other parameters 
remained similar in both groups, particularly BP (systolic 147 vs. 146, diastolic 
80 vs. 79 utmlJg)and IlbAlc (7.6 vs. 7.8%). 

Conclusion: In type 11 diabetic patients with hypertension and persistent MCA 
despite ACEI treatment, the addition of pcntoxypliy line was associated with a 
better decline in UAE. This effect was independent of DP and metabolic control. 
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Beneficial Effect of Thiazolidine Derivatives On Urinary Albumin Excretion In Type 
2 Diabetes 

T.IL Haga, M. Nakae, N. Kimura, R_ Imamine and M. Kagoshima. Medical Dept 
Kainan Hospital, Aichi, Japan 

Background and Aims: Recently effects of thiazolidine derivatives (TD) on nephropathy 
of diabetic animals have been reported. This study was aimed to investigate whether TD 
had a protective effect on diabetic nephropathy. 

Materials and Methods: Subjects were 178 type 2 diabetic outpatients of Kainan 
hospital. They were treated with TD, alpha-glucosidase inhibitors (aGI), insulin or 
sulfonyIure3S (SU). Urinary albumin/creatinine ratio (ACR), HbAic, BMI, blood pressure 
were observed for three months. Because ACRs were not normally distributed, its natural 
logarithm (LnACR) was used for analysis. Data were shown as means +/- s d. Results: L 
Patients characteristics were age 59.3 +/- 10.4 years old, diabetes duration 8.4 +/- 7.3 
years, ACR 65.9 +/- 129.9 mg/gCr, HbAic 9.1 +/- 1.7 %, BMI 23.3 +/- 3.4 kg/m2 and 
systolic and diastolic blood pressure 136.0 +/- 18.1 and 75.1 +/- 11.0 mmllg. These 
indices of TD treated patients were not significantly different from those of aGI or SU 
treated patients. But some of these indices of insulin treated patients were significantly 
different from those of the others; HbAic was 10.1 +/- 2.2 % (p<0.05 vs. the others), BMI 
21.4 +/- 2.3 kg/m2 (p<0.05 v$. the others). 2. Basal IlbAlc of TD, aGI, insulin and SU 
was 8.9 +/- 1.0, 8.8 +/- 1.5, 10.1 +/- 2.2, 8.8 +/- 1.9%, respectively. HbAic after each 3 
months treatment was 8.2 +/- 1.2, 8.1 +/- 1.5, 7.8 +/- 1.5, 7.3 +/- 1.1%, respectively. 
Improvement of HbAic of TD and aGI was significantly lower than those of insulin and 
SU (p<0.01). i Basal LnACR of TD, aGI, insulin and SU was 3.48 +/- 0.92,3.17 +/- 1.09, 
3.49 +/- 1.50,3.15 +/-1.28%, respectively. LnACR after each treatment was 3.24 +/- 0.90, 
2.98 +/- 1.09,3.16 +/- 1.28 and 3.05 +/- 1.26, respectively. Significant decrease of LnACR 
was observed in TD and insulin treated patients (p<0.05), but not in aGI and SU treated 
patients. Decrement of LnACR by treatment was not significantly different from each 
other, which was thought to be due to a small number of patients of each group. £_ Blood 
pressure was not significantly different between before and after the each treatment ACE 
inhibitors and angiotensin 2 receptor antagonists were used to treat hypertension in some 
patients, however, its frequency of usage was not significantly different between before 
and after each treatment Conclusions: It was observed that TD had a beneficial effect to 
decrease ACR in type 2 diabetic patients in 3 months treatment, whereas it had a weaker 
effect to improve HbAic than SU and insulin. This observation suggests that TD is an 
expectable agent not only to control type 2 diabetes but also to treat their diabetic 
nephropathy. 
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URINARY TRACT INFECTIONS (UTI) IN DIABETIC PEOPLE: THE POSSIBLE 
ROLE OF THE METABOLIC CONTROL. 

E Boldrini, *M Bonadio, *A Vigna, *S Mori, G Forotti, F Marchini, E Matteucci and 
O Giampietro. 

•Infectious Diseases Section and Diabetes Outpatient Clinic, University Hospital, Pisa, 
Italy. 

Background and Aims. To check the frequency and eventual risk factors for UTI in 
diabetic patients. 

Materials and Methods. Between Jan 1997-Dec 2000, 395 diabetic patients (229 
females, 166 males, 84 type 1, 311 type 2, 14-88 age years), attending the Diabetes 
Outpatient Clinic of the Pisa S.Chiara Hospital, together w ith 252 non-diabetic control 
subjects (146 females, 106 males) from an Ambulatory Cardiologic Unit, were screened 
for significant UTI (presence of at least 10 s CFU/ml in a culture of clean voided 
midstream urine). Identification of urinary isolates was performed by conventional 
methods and the in vitro susceptibility to antimicrobials was tested by the Kirby-Bauer 
method. 

Results. The frequency of significant UTI was 13.9% (55/395) in all diabetics, 17.9% 
(41/229) in females, 8.4% (14/166) in males. In the control subjects, UTI frequency 
was 14.3% (36/252), 18.5% (27/146) in females, 8.4% (9/106) in males. 

The UTI frequency was 13.5% (7/52) in type 1 diabetic females, 19.2% (34/177) in 
type 2 females, 6.2% (2/32) in type 1 males, 8.9% (12/134) in type 2 males. E.Coli was 
the causative organism of significant UTI in more than 55% of cases both for diabetic 
and non-diabetic subjets. No differences were observed as to the frequency of various 
isolates and their patterns of antimicrobial susceptibility between diabetic and control 
people. 

When multivariate regression analysis (for age, duration and quality of metabolic 
control of diabetes, microalbuminuria, leukocytosis and glomerular filtration rate) was 
employed, the presence of higher HbAic levels resulted a significant risk factor for UTI 
occurrence only in type 2 diabetic females. 

Conclusions. In our experience, in males the same prevalence of significant UTI occurs 
both in diabetic as well non-diabetic patients. Contrary to recent findings, the frequency 
of bacteriuria is also similar in diabetic and non-diabetic females. In type 2 females, the 
UTI prevalence is significantly influenced by the impairment of the long-term (HbAic) 
metabolic control. 
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PPARy ACTIVATION WITH FARGLITAZAR DECREASED BLOOD 
PRESSURE IN NORMAL AND SPONTANEOUSLY HYPERTENSIVE RATS 
K. Brown, P. Novak, W. Oliver, J. Saintillan, and E. Mayoux. Glaxo Wellcome, 
Research Triangle Park, NC, USA, and Les Ulis, France. 

Background and Alms: Elevated BP and impaired endothelial-dependent 
vasorelaxation are common findings in patients with insulin resistance, metabolic 
syndrome, and Type 2 diabetes. Pharmacological therapy that enhances the action 
of insulin may have beneficial effects on BP regulatioa Materials and Methods: 
To evaluate clinically significant effects of farglitazar (F), a PPARy agonist, on 
heart rate (HR) and systolic (SBP) and diastolic BP (DBP), normotensive (NTR) 
male Sprague Dawley and spontaneously hypertensive rats (SHR) were 
instrumented for direct measurement of SBP, DBP and HR in the conscious state 
by radiotelcmetry. The experimental design was as follows: (i) a baseline run-in 
period, (ii) 7-day dosing and (iii) 7-day recovery period. NTR (n=6/group) were 
treated with vehicle (V), 1 or 3 mg/kg F m ice daily by oral gavage and SHR 
(n=S/group) received 5 mg/kg F twice daily. Data for each animal were evaluated 
by comparing the changes from the predose 12 h daytime (inactive period, InP) and 
nighttime (active period, AcP) averages with the equivalent averages for each 
treatment day. Results: There were decreases in SBP and DBP in both NTR and 
SHR within 24 h of the start of dosing. Maximum changes were evident by 72 h 
and maintained throughout dosing. The maximum % decreases from pretreatment 
averages in NTR were 4.4 and 9.4% for DBP and 3.4 and 5.4% for SBP in the 1 
and 3 mg/kg groups, respectively. BP in V rats increased slightly over the 
treatment period by a maximum of 3-3% (DBP) and 3.9% (SBP) during the AcP. 

In the SHR, the maximum % decreases in the AcP were 20% (DBP) and 13% 
(SBP). Heart rate changes were variable and showed no clear treatment-related 
effects. In NTR and SHR, BP-lowering effects of F were more apparent during the 
AcP than the InP. Conclusions: These data suggest that PPARy activation is 
associated with BP lowering, possibly by interfering with endogenous pressor 
systems and enhancing responsiveness to or production of endogenous vasodilators. 
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BORDERLINE GLUCOSE INTOLERANCE AND 24-HOUR BLOOD 
PRESSURE RHYTHM 

M. Saryusz-Wolska, L. Czupryniak, A. Kropiwnicka, and J. Drzewoski. 
Diabetology and Gastroenterology Department, Medical University of Lodz, Lodz, 
Poland 

Background and Aims: 24-hour blood pressure rhythm, with at least 10% blood 
pressure fall at night, is impaired in diabetes mellitus. It has not been established 
whether the subjects with impaired fasting glucose (IFG) or impaired glucose 
tolerance (IGT) also show disturbed circadian blood pressure rhythm. Materials 
and Methods: The study subjects were 47 normotensive persons in whom WHO 
oral glucose tolerance test (75 g) was performed in previous 3 months. They were 
divided into three groups according to OGTT results: group 1-18 IGT subjects 
(mean age 48.2±7.7 yrs); group 2-14 IFG subjects (mean age 51.0+8.9 yrs); group 
3 (controls) - 15 healthy subjects (mean age 47.5±10.4 yrs). Day/night blood 
pressure variation was examined using ABP-Monitor Mobil-O-Graph (I.E.M., 
Stoiberg, D), validated according to the British Hypertension Society and US 
Association for the Advancement of Medical Instrumentation criteria. Recordings 
were made at 20 min intervals during daytime and 30 min intervals during 
nighttime. Daytime was defined as a period between 6.00 am and 10.00 pm; and 
nighttime - between 10.00 pm and 6.00 am. Results: Mean 24-hour systolic (SBP), 
diastolic (DBP), nighttime fall in systolic (ASBP) and diastolic (ADBP) blood 
pressure values are presented in the table._ 


group 

SBP (mmHg) 

DBP (mmHg) 

ASBP (%) 

ADBP (%) 

IGT 

123.1±8.2 

72.615.8 

12.714.0 

13.316.9 

IFG 

126.8±7.7 

73.917.0 

15.416.2 

7.3±3.2 * 

controls 

121 -0±7.2 

69.414.9 

13.114.8 

15.217.6 


* p<0,01 vs IGT and controls 

Conclusions: IFG subjects show blunted 24-hour blood pressure rhythm, which 
may suggest that even borderline glucose intolerance may have detrimental effect on 
the cardiovascular system. How ever, the findings of this study require confirmation 
in larger cohorts. 
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HYPERINSULINEMIA, ARTERIAL RIGIDITY AND SYMPATHETIC 
ACTIVITY IN HYPERTENSIVE OBESE AND TYPE 2 DIABETIC PATIENTS. 

H. Dabire, M. Brahimi, J.R Attali and P. Valensi, Department of Diabetology, Jean 
Verdier Hospital, Bondy. INSERM U 337, Paris 6 University, France. 

Background and aims : A poor cardiovascular prognosis has been attributed to an 
increase in arterial rigidity. An increase in sympathetic activity may be involved in 
hypertension. The aim of this study was to compare cardiovascular vagosympathetic 
activity in normotensive and mildly hypertensive obese and type 2 diabetic patients, 
and to investigate the relationship between pulse pressure (an index for arterial 
rigidity) and sympathetic activity in this population. 

Materials and Methods : Seventy normotensive and 32 hypertensive obese patients, 
and 18 normotensive and 14 hypertensive type 2 diabetic patients were compared to 
21 healthy subjects. Heart rate (HR) and blood pressure (BP) variations were studied 
by spectral analysis (Finapres). 

Results: In the four groups, during a 6-min period of controlled breathing rate, the 
high frequency peak of HR variations (vagal activity) was significantly reduced (p < 
0.001) and the ratio mid/high frequency peak of HR variations (vagosympathetic 
balance) was significantly increased (p < 0.001). The MF peak of systolic BP 
variations in the standing position (sympathetic activity) did not differ between the 
four groups of patients and controls. In the normotensive and hypertensive obese 
patients, the MF peak of BP variations correlated positively with insulinemia and 
insulin resistance index (HOMA) (p < 0.03 to < 0.006). In the hypertensive obese and 
diabetic patients, this peak correlated significantly with pulse pressure (p < 0.05 and 
< 0.0001, respectively). 

Conclusions : These results strongly suggest that 1) cardiac vagal activity is reduced 
in hypertensive obese and type 2 diabetic patients like in normotensive patients; 2) 
vascular sympathetic activity may be increased by insulin resistance-induced 
hypcrinsulinemia and the increase in sympathetic activity is an important factor 
involved in arterial rigidity and hypertension in this population. 
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SERUM LEVELS OF FIBRINOGEN, PAI-1 AND PLASMINOGEN IN 
TYPE-2 DIABETIC SUBJECTS WITH CARDIAVASCULAR DISEASE AND 
HYPERTENSION 

A.P.Antonopoulos,P.Gcorgout$ou\C.PavIopoulos,K.Lavda\G.Panoutsopoulos, 
C.Manti*. Diabetic Unit, Dept, of Hematology*, Thriasio General Hospital, 19200 
Athens Greece 

Background and Aims: Abnormalities in the fibrinolytic system have been 
associated with an increased risk for cardiovascular disease (CVD) in diabetic and 
non-diabetic subjects. Aims of the present study were to investigate serum levels of 
Fibrinogen (F), Plasminogen Activator Inhibitor-1 (PAM) and Plasminogen (P) 
in Typc-2 Diabetic subjects with either CVD or Hypertension (H) and to deteminc 
its association with CVD risk factors. Materials and Methods: Wc studied 65 (26 
men, 39 women) Type-2 diabetic subjects randomly selected from the Outpatient 
Diabetic Unit at Thriasio General Hospital in Athens, Greece. They were divided in 
three groups according to the existence of CVD (in terms of coronary heart disease, 
stroke and peripheral vascular disease) and H (defined according to WHO criteria). 
Thirteen (5 men, 8 women) subjects without CVD or H served as the Control group 
(C), CVDf group consisted of 30 (12 men, 18 women) subjects and H+ group 
consisted of 22 (9men, 13 women) subjects. Venous blood samples were drawn after 
an overnight fast for various analysis included F, PAI-1, P, PT„APTT, HbAlc. 
Results: AH groups were comparable regarding sex, age, WHR, DBP and HbAlc. 
BMI and SBP were significantly higher in either CVEH- or H+ groups than C group 
(p=0.028, p-0.004, p=0.008, p=0.000 respectively). Duration of diabetes was also 
significantly greater in CVD+ group than C group (p=0.003) or H+ group (0.016). 
Serum Fibrinogen levels were significantly increased in H+ group compared to C 
group (Hf:427.95+132.21 vs 340.61+45.41, p=0.017). Serum levels of P, PAI-1, 
PT and APTT did not differ among studied groups (p>0.05). When all subjects were 
considered, linear regression analysis revealed that F was strongly correlated with P 
and PT (p=O.0OO, p=0.046 respectively), PAI-1 with DBP and WHR (p=0.013, 
p=0.036 respectively) and P with F (p=0.000). Conclusions: 1.Serum levels of 
Fibrinogen are increased in Type-2 diabetic subjects with H as compared to those 
without R2.P and PAI-1 do not differ in Typc-2 diabetic subjects with CVD or H 
as compared to those without CVD or H. 3.Serum Fibrinogen concentration was 
strongly correlated with P and PT. 4. Serum PAI-1 concentration was strongly 
correlated with diastolic blood pressure and WHR. 
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Renoprotcctivc effects of intensive antihypertensive treatment in type 2 diabetics 
- goals and compliance of patients 

S.D. Jclic, S. Dimkovic, N. Kostic, Z Caparevic, G. Bojkovic. University Clinic for 
Internal Medicine, CHC DrDragisa Misovic', Belgrade, Yugoslavia 
Background and Aims: Different professional associations determined quite 
different cut-off values for tight control of blood pressure in diabetic patients - less 
than 150/90 mmHg, less than 130/85 mmHg, and recently diastolic pressure values 
even less than 80 mm Hg. Is there some level of blood pressure control w hich may be 
considcrcd'too low or too risky for renal function in this population? What we can do 
to improve the compliance of our patients with antihypertensive treatment modalities? 
Materials and Methods: Seventy (30 fcmale/40 male, mean (SD) age of 58 (10.4) 
years) hypertensive type 2 diabetic patients were assigned to intensive 
antihypertensive treatment aimed at attaining the goal blood pressure of 130/85 
mmHg or less. Among them 20 (28.57%) patients were non-complying with any 
antihypertensive treatment. Nephropathy progression parameters (average annual 
increment of microalbuminuria and deterioration of glomerular filtration rate) were 
followed-up for a period of 5 years. 

Results: In patients non-complying with antihypertensive treatment microalbuminuria 
(MA) progressed annually on average of 14.91 ± 4.95% while glomerular filtration 
rate (GFR) deteriorated by -7.99 ± 2.03 ml/rain/ycar. In 23 (32.86%) patients blood 
pressure v alues of less than 150/90 mmHg were achieved. That was enough to slow 
down MA progression to 4.77 ± 9.90% per year (p<0.00i) and GFR deterioration to - 
3.51 ± 3.56 ml/min/ycar (p<0.001). In 9 (12.86%) patients with blood pressure levels 
of less than 130/85 mmHg average annual increment of MA was reduced to 4.57 ± 
7.90% (p<0.001) and GFR deterioration was even slower (-1.67 ± 6.00 ml/min/ycar, 
p<0.001). These beneficial effects were visible but less pronounced in 18 (25.71%) 
patients with diastolic pressure values less than 75 mm Hg (MA increment: 8.32 ± 
9.59% per year, p<0.05; GFR: -4.50 ± 5.63 ml/min/ year, p<0.05). 
Conclusioos:Despite different levels of blood pressure control achiev ed, there was a 
significantly slow er increment of UAE and significantly slower decline of GFR in all 
treatment groups in comparison with the group of patients non-complying with any 
antihypertensive treatment There was no statistically significant difference between 
the three groups of patients complying with the treatment Knowing this we have 
serious ethical burden of non-complying patients. Informing them of such results can 
be one of the modalities in increasing their compliance with the therapy. 
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Prevalence of hypertension and associated risk factors in diabetes 

Y.Benabba s, N.Kerrouaz , M. Ali Bouacida, FZ. Kahoul , H Benabderrahmanc, D. 
Roula. Unite de diabetologie -Service de medecine interne: CHU Benbadis 
Constantine - ALGERIA 

Aims: T his study is to evaluate the prevalence of hypertension among diabetics of eastern 
Algeria and to compare with h\pcrtcnsi\e patients without diabetes, the prevalence of 
associated risk factors and diabetes complications Material and Method t his study comprised 
hospitalised patients and who underwent medical control during 1994. A population of 567 
diabetics (type 1: 225 , type 2: 342) and a control group of 60 hypertensive non diabetics 
patients has been divided according to sex, age, duration of diabetes and hypertension ( 140 / 
90 nun Hg ).Weight, height, hypercholesterolemia (> 2g/l ) hypertrigly ceridemia (>l,50g/l ), 
hyperuricemia ( > 50 mg /I ), Ubagism, family antecedents of diabetes and/or hypertension 
were recorded for all patients. The complications checked in the study were : coronary heart 
disease (CHD), strokes, artaiopaihy, retinopathy and nephropathy. Statistic lest: Khi 2. 
Results;The prev alence of hypertension w as 31% in diabetic population. It has occurred three 
times more frequently in type 2 : 27% than in type 1: 8% ( p< I0’ 1 ) Hypertension 
predominates in male (76%) with type 1 after fourty. It occurs later, after 10 years of evolution 
of the diabetes and it’s frequently associated during this period with a nephropathy (71%). 
Hypertension in type 2 is more frequent in women (66%) after fifty, it occurs before (36%), at 
the time (13%) or after (57%) the diabetes. The interval between the two diseases is inferior 
to five years in 44% of the patients. Complications are more frequent and precocious in 
hypertensive diabetics, than in the normotensive diabetics and in the control group. In the 
group of hypertensive type 2 diabetes, these complications are occurring in the follow ing order 
of frequency: neuropathy (50%), CHD (40%), retinopathy (35%), strokes (33%). In 
hypertensive type 1 diabetes : neuropathy (65%), retinepathy (59%), artcriopathy (29%), CHD 
(24%), nephropathy and strokes (18%). Risk factors are more frequently associated to 
hypertension and cardiovascular complications in hypertensive diabetics compared to 
normotensives as well as to the control group. BMI (>26) : 26%,20%, 15% , (p<0,04) - 
hypercholesterolemia : 43%, 24%, 26% - hypertriglyceridemia: 44%, 28%, 36% (p< 0,001) - 
labagism: 38%, 29%, 22%. The frequency of a family antecedents of hypertension is higher in 
hypertensive diabetics in comparison to patients without hypertmsioa. The treatment of the 
hypertension has been more of a monotherapy than a bilherapy, uith ACE inhibitors and 
calcium inhibitors used first. 
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HYPERTENSION LN TYPE 1 DIABETES - A POPULATION-BASED 
FOLLOW-UP STUDY 

U.J.W. Schauer. 2. Medical Clinic, Helios Hospital Erfurt, Erfurt. Germany 

Background and Aims: To determine the incidence of hypertension and its 
associated factors in type 1 diabetes within a geographically defined population. 
Materials and Methods: The original records of all 1132 patients with onset of type 
1 diabetes below age 40 diagnosed in the Erfurt district from 1966 to 1988 were 
analysed up to the end of 1990. 

Results: Hypertension was diagnosed after 10 ± 7 years of diabetes at 35 ± 10 years 
of age. The cumulative incidence of hypertension (life table analysis) amounted to 62 
% after 25 years of diabetes and 78 % by age 55, was higher in men, and showed a 
steeper increase after 20 years of diabetes in patients up to age 10 at diabetes onset. 
Patients with development of hypertension (n=211) had a significantly (p<0.05) 
higher BMI (23.7 vs 22.6 kg/m 2 ) at diabetes onset due to a lower height (170 vs 172 
cm at the end of follow-up) and w ere bom 2 years earlier (1949 vs 1951) compared to 
patients without hypertension matched for sex, age and duration of diabetes at the end 
of follow-up (n=3I5). They needed more insulin despite similar blood glucose and 
had higher systolic (132 vs 126 mm Hg) and diastolic (85 vs 80 mm Hg) blood 
pressure at diabetes onset which remained higher during the next 15 years. They 
suffered more often from myocardial infarction (6 vs 0.3 Vt), stroke (3 vs 1 %), 
claudication (13 vs 4 %), and major foot amputation (3 vs 1 %), developed more often 
proteinuria (30 vs 15 %\ chronic (10 vs 2 %) and end-stage renal failure (2 vs 0 %\ 
background (58 vs 51 %) and proliferative retinopathy (9 vs 2 %) as well as blindness 
(2 vs 0 %), and died with higher frequency (13 vs 4 %) during the follow-up period. 
Conclusions: The cluster described above resembles the metabolic syndrome. A 
lower height with birth shortly after World War II is in agreement with the small baby 
hypothesis of fetal malnutrition as one possible cause of this syndrome. Thus a 
subgroup of type 1 diabetes is at especially high risk for long-term complications and 
early death presumably due to a concurrent insulin resistance syndrome. 
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Blood Pressure Distribution in Diabetes-Does it differ in Type 1 and Type 2 
Diabetes? 

V. Baskar, MR. Holland, S. Walford and B.M. Singh. Wolverhampton Diabetes 
Centre, New Cross Hospital, Wolverhampton, UK 

Background and Aims: Hypertension is more common in people with diabetes but 
may differ between type 1 and type 2 diabetes. There is scant evidence on whether 
the time course and natural history of hypertension, differ markedly between Type 1 
and Type 2 diabetes. We evaluated the distribution of Systolic Blood Pressure (SBP) 
by age, in a population with Type 1 and Type 2 diabetes, in comparison to a 
population without diabetes. 

Materials and Methods: Data from patients aged 20 to 80 years, comprising 1271 
with Type 1 and 4442 with Type 2 diabetes, respectively, were analysed from the 
district diabetes register. The SBP distribution by age in these two groups was 
compared with that obtained from 5497 non-diabetic control subjects of similar age 
(UK Health and Lifestyle Survey). Statistical comparison was by analysis of variance 
using SPSS. 

Results: All results are Mean+Standard Deviation given in non-diabetics. Type 1 and 
type 2 diabetes, respectively.- Age in years, 43+15, 49+15 and 61+11 {p<0.0001 j. 
Body mass index, 25+10, 27+7 and 29+8 {p<0.0001}. SBP in mmHg, 131+18, 
142+23 and 151+23 {p<0.0001}. Diastolic blood pressure in mmHg, 81+12, 74+11 
and 78+11 {p<0.0001}. The mean SBP after correction for difference in age, in 
mmHg, 134, 145 and 152 {p<0.0001}. 

Conclusion? There were highly significant differences in blood pressure between 
patients with Type 1 and Type 2 diabetes, even accounting for age and both groups 
showed elevated SBP in comparison to normals. This suggests a potential link 
between diabetes and hypertension via the metabolic syndrome, most marked in Type 
2 diabetes. 
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Ambulatory pulse pressure is associated with micro- and macro vascular 
complications in type 2 diabetes 

S.T. Knudsen, P.L. Poulsen, K.W. Hansen, E. Ebbchoj, T. Bek, C.E. Mogensen 
Medical Dept. M (Diabetes & Endocrinology) and Eye Dept. Aarhus 
Kommunehospital, Denmark. 

Background and aims: In non-diabctic subjects pulse pressure is an independent 
predictor of cardiovascular disease and microalbuminuria. We investigated the 
association between retinopathy, nephropathy, macrovascular disease and pulse 
pressure in a group of type 2 diabetic patients. 

Materials and Methods: In 80 type 2 diabetic patients we performed 24-h 
ambulatory BP measurement and fundus photographs (graded independently by two 
experienced graders according to ETDRS criteria). Urinary albumin excretion was 
evaluated by three urinary albumin/creatinine ratios. Presence or absence of 
macrovascular disease was assessed by an independent physician. 

Results: 49 patients had no detectable retinal changes (grade 1), 13 had grade 2 
retinopathy, and 18 had more advanced retinopathy (grades 3-6). Compared to 
patients without retinopathy (grade 1), patients with grades 2 and 3-6 had higher 
ambulatory pulse pressure: Day pulse pressure 57 ± II, 64 ± II, and 63 ± 15 mmHg, 
p=NS, and night pulse pressure S5±10,64±10, and 61±I5 mmllg, p<0.05 (grade 1, 2, 
and 3-6 respectively). Comparing nephropathy groups (45 normo, 19 micro-, and 15 
macroalbuminuric patients) results were similar: Day pulse pressure 5719, 59tl 1, and 
70±16 mmHg, p<0.001, and night pulse pressure 5419, 57±10, and 70-U5 mmHg, 
p<0.001. Likewise, compared to patients without macrovascular disease (n-55), 
patients with this complication (n=25) had higher ambulatory pulse pressure values: 
Day pulse pressure 58112 vs. 63112, p=0.07 and night PP 57112 vs. 63±11 mmHg, 
p<0.05. 

Conclusions: Micro- and macrovascular complications are associated with an 
increased pulse pressure in type 2 diabctes.This haemodynamic abnormality might 
contribute to the development of diabetic complications. 
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ANTT-HYPERTENSIVE EFFECT OF FARGLITAZAR, A PPARy AGONIST. IN 
PATIENTS WITH TYPE 2 DIARETES AND HYPERTENSION 
P. Home 1 , G. Piaditis 2 , K. Koelendorf 1 ,1. Raz\ L. Muiphy 5 , P. Smith 6 , L. Kler 6 , J. 
Dave 6 and D. Tandy 6 for the PPA20006 Study Group. 'Newcastle-upon-Tyne, 
2 Athens, ’Denmark, Jerusalem, ’Winnipeg, 6 Glaxo Wellcome, Stockley Park. 
Background and Alms: Farglitazar (formerly referred to as GI262570) is a 
novel, non-ihiazolidinedione PPARy agonist derived from an L-tyrosine root 
with a high affinity for the human PPARy nuclear receptor, and low but possibly 
important activity for the related PPARa receptor. Blood glucose lowering and 
blood lipid lowering activity have been demonstrated in people with Type 2 
diabetes treated w ith farglitazar. Blood pressure (BP) low ering was noted in 
studies in normal subjects and in people with Type 2 diabetes. Materials and 
Methods: A 4-week randomised, double-blind, parallel-group study in 304 
hypertensive Type 2 diabetic patients was therefore designed to define the dose- 
response relationship of the anti-hypertensive effects of farglitazar. Patients 
received cither placebo or farglitazar 0.5,1,2,5, or 10 mg daily. Results: After 

4 weeks, farglitazar resulted in dose-dependent reductions in mean 24-hour 
ambulatory BP, w hich were statistically significant compared with placebo at the 

5 mg [diastolic -4 (95%-CI -5, -2) mmllg p<0.001, systolic -5 (-7, -2) mmHg 
p~0.001] and 10 mg [diastolic -6 (-8, -5) mmllg/K0.001, systolic-8 (-11, -6) 
mmHg p<0.001] doses (baseline adjusted ANOVA). Farglitazar 10 mg resulted 
in a statistically and clinically significant lowering of mean seated trough 
diastolic [-6 (95%-CI -9, -3) mmHg /xO.OOl] and systolic [-6 (-10, -2) mmHg 
p=0.0WJ BP, with smaller non-significant decreases at low cr doses. Farglitazar 
w as well tolerated, with no clinically significant increase in heart rate. Dose- 
related oedema was seen (up to 13% at 10 mg after 4 w eeks). The 10 mg dose is 
not being developed in Phase III. Conclusions: We conclude that the PPARy 
agonist farglitazar has moderate but potentially clinically useful anti¬ 
hypertensive properties to complement its glucose and lipid lowering effects. 
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AMBULATORY BLOOD PRESSURE PROFILES: A NOVEL MEANS OF 
IDENTIF1NG UNCONTROLLED HYPERTENSION 

R. Mazzc, G. Simonson, R. Robinson, D. Kendall, R. Bcrgcnstal, M. Idrogo, S. 
Ramirez and S. Hsu, Minneapolis, Minnesota, USA 

Background and Aims: In-officc blood pressure (BP) measurement is known to 
under detect clinically significant HTN. Wc report a nov el means of representation 
of data from ambulatory blood pressure monitoring. Materials and Methods: An 
Omron® 1C BP monitor was used over a period of 2 weeks to automatically record 
systolic and diastolic BP with lime and date. Ambulatory blood pressure profiles 
(ABPP) were created by collapsing all data into a single day and using a Tukcy 
smoothing algorithm to produce continuous curves representing the 90*, 75*, 50* 
25 th and 10* percentile systolic and diastolic BP. Data were compared by paired t- 
tests with 6 in-office BPs (sphygmomanometer and OnuonS 905). Results: Forty- 
eight randomly selected patients (30M/I8F) participated: mean age 64 ± 14 years, 
duration of type 2 DM 15.3 ± 9.6 years, duration of HTN 17.8 ± 13.7 years, and 
BMI M=31.5 ± 6.2 kg/m 2 , F-35.3 ± 9.2 kg/m 2 . Using the electronic monitors, 
subjects obtained 87.6 ± 14.6 BP measurements over 2 weeks. The mean 
ambulatory' diastolic pressure (77.2 ± 8.7 mmHg) was significantly (p<0.001) 
higher than the mean in-office diastolic pressure (72.8 ± 10.6 mmHg). The 
ambulatory mean arterial pressure was also significantly higher (9S.9 ± 8.4 vs. 95.5 
± 9.4 mmllg. pO.Ol). No significant difference in mean systolic blood pressure 
(142.4 ±14.2 vs. 141.1 ± 13.9 mmllg) was obscacd. However, when ABPPs were 
individually examined, 90% of the subjects had as many as 60% of their BP values 
elevated (systolic 10-60 mmHg, diastolic 5-20 ntnillg). These elevations were 
not reflected in any of the in-office measures. Conclusion: Newer technologies may 
allow for a more accurate and sensitive measure of variation in BP throughout the 
day. In this study these variations revealed uncontrolled hypertension as well as 
potentially ineffective therapies in 90% of the subjects. This may suggest the need 
to reconsider current definitions of IfTN and the means by which the efficacy of 
therapy is determined. 
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ANGIOTENSIN CONVERTING ENZYME INHIBITOR- AND ANGIOTENSIN 
II RECEPTOR ANTAGONIST-INDUCED SCAVENGING EFFECTS OF 
SUPEROXIDE MODULATE THE NEPHROPATHY IN TYPE 2 DIABETES. 
T. Inukai, K. Takanashi, K. Tayama, Y. Aso and Y. Takemura, Koshigaya. Japan 
Background and Aims: Active oxygens produced from human body induce the 
tissue disorder and are a risk factor for developing diabetic complications. It lias 
been accepted that angiotension converting enzyme inhibitor (ACE-I) and 
angiotension II receptor (type I) antagonist (ATiR-A) have a potency of 
antioxidant effect, in addition to antihypertensive effect. We therefore investigated 
the relationship between the diabetic nepliropathy and the potency of ACE-I and 
ATiR-A on scavenging effect (SE) of superoxide (SO) in ri pe 2 diabetes. 
Materials and Methods: Studies were conducted using polymorphological 
leukocytes in type 2 diabetic patients (N=26) and healthy subjects (N=26). SE 
(U/10 J cells) of SO was measured by an electron spin resonance method. 
Among antioxidant drugs, we used ascorbic acid (AA) as a positive control, and 
did captopril (CP), temocapril (TP) (inactive type). tcmocaprilate (TPL) (active 
ripe) as ACE-Is, and then did RNH-6270 as a ATiR-A. We measured urinary’ 
albumin excretion (UAE; mg/day) from daily stocked urine. 

Results: SE after AA addition showed a marked response in a dosc-dcpcndcnt 
fashion. CP, TPL and RNH-6270 showed a dose-dependent SE response within 
the range of 10* to 10 J mg/ml, respectively. TP alone did not exhibit any SE 
responses. The potency of A SE obtained from CP- and TPL-addilion were 
relatively stronger than that of RNH-6270. A SE from all drugs used in diabetic 
patients w ere constitutionally similar to that in healthy subjects. A SE from TPL 
significantly reversely correlated with UAE in diabetic patients (P<0.05). A 
SE from CP and RNH-6270 also tended to correlate reversely with UAE. 
Conclusions: We demonstrated that both ACE-I and ATiR-A definitely possessed 
scavenging effect of SO in leukocytes in type 2 diabetic patients and healthy 
subjects, and that those scavending effects were possible to suppress tlic 
progression of diabetic nepliropathy in diabetic patients. 
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IRBESARTAN IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AND 
MICROALBUMINURIA (IRMA II): DESIGN AND BASELINE CHARAC¬ 
TERISTICS 

H.-H. Parving, P. Amer, J. Brochner-Mortensen, R. Gomis, H. Lehnert, G. Frangin 

on behalf of IRMA II study 

Steno Diabetes Center, Gentofte, Denmark 

Background and aims: The rationale for renin angiotensin system blockade in 
patients with hypertension (HT) and diabetes is well established. A Global Program 
for Irbesartan Mortality and Morbidity Evaluations (PRIME), was carried out to 
assess this hypothesis in type 2 diabetic patients. IRMA II study part of PRIME 
program was designed to determine whether Irbesartan (Ang II receptor antagonist), 
through its full Ang II blockade, can slow the progression from microalbuminuria 
to overt diabetic nephropathy in hypertensive type 2 diabetic patients with persis¬ 
tent microalbuminuria. 

Material and methods: This was a multinational, randomised, double-blind study 
with 3 parallel groups followed for 2 years. Two doses of Irbesartan (150mg/daily, 
300 mg/daily) were compared to standard antihypertensive treatment, so called 
‘placebo* aiming at equal control of system blood pressure in all groups. 611 pa¬ 
tients with the following baseline characteristics (mean values (standard deviation)) 
were enrolled: Age 58 (8), male (68%), BMI (kg'm 2 ) 30 (4), know duration of dia¬ 
betes (years) 10 (8), patients on insulin treatment (35%), blood pressure (mmHg) 

153 (14)/90 (9), know duration of hypertension (years) 7 (8), over night urinary 
albumin excretion rate (pg/min) 64 (39), serum creatinine (pmol/1) 94 (16), HbA Jc 
(%) 7,2 (1,7). 

Results: Primary endpoint: Progression to overt nephropathy (albuminuria > 200 
pg/min and at least 30% increase from baseline). 

Secondary endpoints: Changes in urinary albumin excretion rate, creatinine clear¬ 
ance, von Willebrand factor, fibrinogen, factor 7, plasminogen activator inhibitor 
and lipid profile. 

The study ended in December 2000. 

Conclusion: IRMA II will demonstrate the effect of Irbesartan on the progression 
of microalbuminuria to overt nephropathy in hypertensive patients with type 2 dia¬ 
betes and persistent microalbuminurea. The trial data will be available in May 2001. 
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MAINTAINED AUTOREGULATION OF GLOMERULAR FILTRATION 
RATE (GFR) DURING CANDESARTAN TREATMENT IN HYPERTEN¬ 
SIVE TYPE 2 DIABETIC PATIENTS. 

P.K. Christensen, S. Lund and H.-H. Parving. Steno Diabetes Center, Copen¬ 
hagen, Denmark. 

Background and Aims: Impaired autoregulation of GFR implies distur¬ 
bances in the transmission of the systemic blood pressure (BP) into the glome¬ 
rulus leading to capillary hypertension. The impact on renal autoregulation of 
different antihypertensive drugs in animals has been elucidated, while infor¬ 
mation in man is lacking. We therefore studied the effect of acute lowering of 
BP on GFR during candesartan treatment in Type 2 diabetic patients. 
Materials and Methods: We performed a randomized double blind crossover 
study with candesartan cilexetil 16 mg o.d. and placebo in 17 hypertensive type 
2 diabetic patients without nepliropathy. Each treatment arm lasted 4 weeks. 
On the last day GFR (single shot [ SI Cr] EDTA plasma clearance technique for 4 
hrs) was measured twice between 08.00 and 17.00: first without clonidine 
hereafter after intravenous injection of clonidine 75 pg. BP (Takeda TM2420) 
was measured every 10 min and urinary albumin excretion rate (UAER) by 
ELISA during each GFR determination. 

Results: Candesartan induced a mean (SE) reduction in mean arterial BP 
(MABP) of 6 (2) mmHg p<0.02, and had a tendency to reduce UAER 
(p=0.07), while GFR remained unchanged (95 vs 93 ml/min/1.73m 2 ). Clo¬ 
nidine reduced MABP with 17 (2) vs 16(1) mm Hg during placebo vs cande¬ 
sartan, respectively (NS). GFR diminished in average from 95 (3) to 92 (4) 
ml/min/1.73m 2 with placebo (NS), and from 93 (3) to 89 (4) ml/min/1.73m 2 
during treatment with candesartan (NS). Mean difference (95% confidence 
interval) between changes in GFR between the examination with placebo and 
with candesartan were 0.1 (-5.5 to 5.8) m!/min/1.73ni 2 (NS). 

Conclusions: Our study suggest that candesartan reduce BP without ad¬ 
versely alter the preserved ability to autoregulate GFR in hy pertensive type 2 
diabetic patients without nephropathy. 
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BENEFICIAL EFFECT OF CAPTOPRIL-DILTIAZEM VS CAPTOPRIL IN TYPE 2 
DIABETIC, HYPERTENSIVE, M1CROALBUMINURIC PATIENTS. 
M.Perez-Maraver, M.Carrera, C.Vinzia, T.Mica!6, N.Gomez, M.Sahun, J.Soler and 
E.Montanya. Endocrine Unit/CSU Bellvitge. Feixa Llarga s/n. Hospitalet (Barcelona). 
Background and Aims: in advanced diabetic nephropathy, combined treatment with 
ACE inhibitors (ACEI) and nondihydropiridine calcium antagonists seems to offer a 
higher renoprotective effect than ACEI alone. In a preliminary report we suggested that 
in type 2 diabetic patients with hypertension and persistence of microalbuminuria 
(MCA) despite ACEI treatment, the addition of diltiazem was associated with a better 
evolution of urinary albumin excretion (UAE). We present the definitive results after a 
2 year follow-up. Material and Methods: 36 type 2 diabetic, hypertensive patients, 
who remained microalbuminuric (30-300mg/24h) after at least one year of ACEI 
treatment were identified. Serum creatinine >150 pmol/1 or advanced heart 
insufficiency were exclusion criteria. Patients were randomised: group C (n=22; 
captopril) and C+DTZ (n=14; captopril and 120mg diltiazem). Captopril dose was 
individualized in both groups according to blood pressure. 28 patients completed two 
years of follow-up (group C, n=17; group C+DTZ, n=l 1). Results were analyzed with 
non-parametric tests. UAE was log transformed. Results: both groups were initially 
similar in terms of sex, age (61 years both groups), diabetes duration (14 vs 13 years), 
BMI (28,5 vs 29,0 kg/ra 2 ), BP (systolic: 148 vs 149 mmHg; diastolic 82 vs 83), HbAlc 
(7,9 vs 8,4%), cholesterol, triglicerides, creatinine and smoking habitus; initial UAE 
was also similar (128 vs 113 mg/24h). After two years, group C patients were receiving 
a higher dose of captopril (106 vs 73mg, p<0,05). UAE only increased in group C 
(270mg/24h, p<0,05) and was higher than in group C+DTZ (130mg/24h, p<0,05). 
Seven patients in group C but only one in group C+DTZ progressed to 
macroalbuminuria. The other pa ram et res remained similar in both groups, particularly 
BP (systolic: 146 vs 145, diastolic: 81 vs 78mmHg) and HbAlc. Conclusion: in type 2 
diabetic patients with hypertension and persistent MCA despite ACEI treatment, the 
addition of diltiazem was associated with a reduced progression to macroalbuminuria 
after two years of follow-up. This effect was independent of BP and metabolic control. 
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Effect of losartan on urinary albumin excretion and endothelial vasomotor 
function in type 2 diabetic patients with microalbuminuria 
K.C.B. Tan, W.S. Chow, V.H.G. Ai*. KSL Lam. Department of Medicine, 
University of Hong Kong and ’Department of Diagnostic Radiology, Queen Mary 
Hospital, Hong Kong. 

Background and Aims: Microalbuminuria is associated with dysfunction of the 
vascular endothelium in patients with diabetes mellitus. The aim of the present study 
was to investigate the effect of Iosartan, an angiotensin II receptor antagonist, on 
endothelial vasomotor function and urinary albumin excretion in type 2 diabetic 
patients with microalbuminuria. 

Materials and Methods: Eighty diabetic patients were randomized to receiving 
either Iosartan 50 mg daily or placebo in a 6-month double-blind study. Inclusion 
criteria were HbAIc <10%, urinary mean albumin excretion rate (MAER) 20-200 
microgram/min and blood pressure <140/90 mmllg. Subjects on angiotensin 
converting enzyme inhibitor were excluded from the study. Endothelium-dependent 
and independent vasodilation were measured using high resolution vascular 
ultrasound. 

Results: At baseline, the 2 groups were comparable in their blood pressure, MAER 
and endothelial function. Glycaemic control remained stable and blood pressure did 
not change significantly in either groups throughout the study. The MAER decreased 
in the losartan-treated group whereas an increase was observed in the placebo group. 
At 6 month, the losartan-treated group had significantly lower MAER than the 
placebo-treated group [54.5 (58.3) microgram/min vs 78.5 (100.5), p<0.05; median 
(interquartile range)]. No significant differences were found in endothelium- 
dependent (6.1 ± 2.4% vs 5.8 ± 2.4) or independent vasodilation (13.0 ±4.1% vs 13.0 
±3.1). 

Conclusions: Losartan has a urinary albumin lowering effect independent of its 
effect on blood pressure. It prevents deterioration of microalbuminuria in patients 
with type 2 diabetes mellitus without altering endothelial function. 
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EFFECTS OF ENALAPRIL AND LOSARTAN ON GLOMERULAR ANIONIC 
CHARGE IN HYPERTENSIVE TYPE 2 DIABETIC PATIENTS 
D. Yavuz, O.Deyneli, A-Velioglu, H.Cacina, G.Haklar and S.Akalin. 

Marmara University,Depts. Internal Medicine and Biochemistry,Istanbul,Turkey 

Background and Aims: Animal studies have shown that,besides diminishing the 
glomerular pressure.Angiotrensin-Converting enzyme (ACE) inhibitors might reduce 
urinary albumin excretion (UAE) by influencing glomerular charge selectivity through 
preservation of glycosaminoglycans. Effects of Angiotensin n (AH) antagonism on 
glomerular charge remain to be determined The aim of this study was to compare the 
effecs of AH antagonist,Losartan, and ACE inhibitor,EruIapril on UAE,urinary 
glycosaminoglycan excretion (Ugag) and red blood cell membrane anionic charge 
(RBCCh) which are the indirect markers of glomerular basement membrane anionic 
content, in hypertensive type 2 diabetic patients. Materials and MethodsiTwenty four 
mild to moderately hypertensive type 2 diabetic patients were randomised into 2 
groups.Twelve patients ( Group E, M/F 2/10, 52.8±5.5 years) received enalapril maleate 
(5-40 mg/d) and 12 (Group I^NI/F 4/8, 51.9±6.5 years) received Losartan potassium (50- 
100 mg/d). Following parameters were measured at baseline and after 6 months of 
tieatmentUAE was measured by nephalometry.Ugag determined spectrophotometrically 
after addition of 1.9-dimethylmethylene blue and RBCCh by alcian blue binding test 
Blood pressures were followed. Results: At the end of 6 month period,$ystolic and 
diastolic blood pressures were significantly reduced in both treatment groups (p<0.05). 
Pre-and post-treatment UAE levels were 83.5±19.5 mg/d vs 25.9±10.8 mg/d (p<0.05) for 
group E, 80.1±19.2 mg/d vs 26.2±5.2 mg/d (p<0.05) for group L. Ugag excretion was 
50.2±19.1 mg/d vs 25.1±17.4 mg/d (p<0.05) for group E and 58.2±22.6 mg/d vs 28.5±18 
mg/d (p<0.05) for group L ;RBCCh were 166.7±72.4 ng.alcian bIue/10.-6 RBC vs 
433.2±177 ng alcian blue/10.-6 RBC (p<0.01) for goup E and 163.5±74,3 ng.alcian 
bIue/10.-6 RBC vs 368.4±141.8 ng.alcian blue/10-6 RBC for group L pre-and post 
treatment respectively.UAE was negatively correlated with RBCCh (r=-0.41,p<X).05) and 
positively correlated with Ugag (r=0.41,p<0.05). RBCCh was found to be negatively 
correlated with Ugag in all study group (r=-0.44,p<0.02). Conclusion: Enalapril and 
Losartan treatment were equally effective in reducing UAE as well as Ugag excretion and 
preserving RBCCh in hypertensive type 2 diabetic patients. ACE inhibition and AH 
antagonism might have additive effects on preserving glomerular basement membrane 
anionic content in diabetic patients. 


1058 

COMBINATION OF ATiRB AND ACE-I HAS A SYNERGIC 
EFFECT ON THE REDUCTION O F MICRO ALBUMINURIA IN 
TYPE 2 DIABETIC PATIENTS 

C. Yokota, *K. Kawai, **Y. Okuda, ***T. Nakajima, **N. 
Yamada, T. Hizumi and T. SHIIGAI. Toride Kyodo General 
Hospital, *Kawai Clinic, **University of Tsukuba and 
***University of Tokyo, Japan 

Aim#: Albuminuria is a sensitive predictor of microangiopathy in 
diabetic patients. We have already reported that Losartan (L), an 
angiotensin II receptor antagonist (ATiRB), has a beneficial effect in 
the early stages of diabetic nephropathy similar to Enalapril (E), an 
angiotensin converting enzyme inhibitor (ACE-I). In this study, we 
have investigated the effect of combination of treatments with L and E 
on the prevention of the early stages of nephropathy in type 2 diabetic 
patients with hypertension. Methods: We randomly divided the 102 
subjects into 5 groups; 1) subjects who received 100 mg of L alone, 2) 
10 mg daily of E alone, and 3) 50 mg of L and 5 mg of E from the 
beginning of the therapy, 4) addition of 5 mg ofE at 6 months after 50 
mg of L, and 5) addition of 50 mg of L at 6 months after 5 mg of E. 
The changes in the mean blood pressure (mBP) and albumin excretion 
rate (AER) in each group were assessed before, 6 months and 12 months 
after the start of each protocol. Results: The blood pressure was 
controlled under 140/90 mmHg in all groups, and there were no 
significant differences in the reduction rate of mBP at 12 months. The 
degree of reduction in AER of group 3, 4 and 5 at 12 months was 
significantly greater than that of group 1 and 2 (• p<0.05) among the 
groups (table). Conclusion!: These results suggest that the 
combination therapy of ACE-I and ATiRB has a synergic effect on the 
reduction of microalbuminuria in type 2 diabetic patients with 
hypertension. 


Group 

1 (n=25) 

2 (n=19) 

3 (n=18) 

4 (n=17) 

5 (n=23) 

A mBP (mmHg) 

A AER (%) 

-31.8 

-46.2 

-40.2 

-42.1 

-32.3 

-52.3* 

-37.3 

-54.2* 

-37.6 

-62.3* 
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Dual blockade of the renin-angiotensin system in type 1 diabetic patients with 
diabetic nephropathy resistant to antihypertensive treatment 
P. Jacobsen, S. Andersen, B.V. Hansen and H-H. Parving. Steno Diabetes Center, 
Denmark. 

Background and Aims: Albuminuria and hypertension are strong predictors of poor 
renal and cardiovasclular outcome in diabetic patients. Approximately 30 % of type 1 
patients with diabetic nephropathy (DN) have albuminuria>lg/day and blood 
pressures-135 and/or >85 mm Hg ("the resistant patient") despite antihyperten-sive 
combination therapy including diuretics and the maximally recommended dose of 
ACE inhibitor (ACEi). We tested the effect of dual blockade of the renin-angiotensin 
system (RAS) in these patients. 

Materials and Methods: We performed a randomised double blind crossover study 
with 2 months treatment with Iibesartan 300 mg o.d and placebo added on top of 
previous antihypertensive treatment We included 21 ripe 1 dia-betic patients with 
DN resistant to conventional treatment as defined above. All received ACEi treat¬ 
ment and diuretics, in addition 10 patients received a calcium channel antagonist and 
3 patients a 6-blocker. At the end of each treatment period albuminuria, 24-hour blood 
pressure and glomerular filtra-tion rate (GFR) were measured 
Results: Addition of300 mg of Irbesaitan to usual antihjpertensive therapy induced a 
mean (95% CD reduction in albuminuria of 37 (20 to 49) %, p<0.001 (geometric 
mean (95% CD from 1574 (1162 to 2132) to 996 (699 to 1419) mg/24 h), a reduction 
in 24-hour blood pressure of 8 (-2 to 18) / 5 (1 to 9) mm Hg, p=0.11 / p=0.01 ((mean 
(SE) from placebo 146(4) / 80 (2) mm Hg). GFR remained unchanged Linear 
regression revealed: Reduction in albuminuria (%) *= 2.3 x reduction in diastolic blood 
pressure (mmHg) + 18, pO.015, r2=0.32. S-potassium increased ((mean (SE)) 4,3 to 
4,6 mmol/L, p=0,02). Intervention to reduce s-potassium was needed in 2 patients, 
both with GFR below 35 ml/min*l,73m2. Otherwise the combination therapy was 
safe. 

Conclusions: Dual blockade of the RAS offers additional renal and cardiovascular 
protection in type 1 diabetic patients with DN resistant to conventional 
antih 3 pertensive treatment including maximally recommended doses of ACEi. 
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BONE MINERAL DENSITY IS REDUCED IN DIABETIC PATIENTS 
WITH CHARCOT ARTHROPATHY. 

J. Sheehan and M. Ulchaker, Case Western Reserve University, Cleveland, 

Ohio and NCIDE, Westlake, Ohio, USA. 

Background and Aims: To determine if bone mineral density (BMD) is 
reduced in patients (pts) with diabetes mellitus (DM) with Charcot arthropathy 
and to compare/contrast the BMD in pts with Type l (Tl) and Type 2 (T2) DM. 

Materials and Methods: Retrospective chart review of 24 DM pts with Charcot 
arthropathy. All BMDs were performed on a Hologic 4500 A. 

Results: 11 Tl DM pts (6F) and 13 T2DM pts (8F)had median age 
(47 yrs/58 yrs); DM duration (24 yrs/18 yrs); and BMI (25.9/31.8). Advanced 
complications were noted in Tl and T2 DM pts as follows: peripheral neuropathy 
(100%/I00%); retinopathy (I00%/39%); proteinuria (82%/62%); hypertension 
(64%/69%); dyslipidemia (55%/62%); and macrovascular disease (27%/46%). 

Cardiac autonomic neuropathy was noted in 73% of T1DM pts and 31% of 
T2DM pts. BMD results appear in the table below with median scores reported. 



A-P Spine BMD 

Femoral Neck BMD 

Total Hip BMD 



T-Score 

ESH 


dm 

T-Score 

■iiHiV/M 

lil'IM 

-1.27 

E22EHI 

-2.51 


-1.94 

■nH»V/M 

IRM 

1.51 

wihis.mm 

-1.53 

I'tvTM 

-025 

T-scores: Osteoporosis < -2.50; Osteopenia -2.49 < x < -1.00; Normal > -0.99 


Femoral neck BMD was reduced in both groups, with the median T-score in the 
Tl DM pts in the osteoporotic range and that in the T2DM pts in the osteopenic 
range. At all 3 anatomic sites, BMD was lower in T1DM pts. 


Conclusion: Low bone mass was noted in T1DM pts with Charcot arthropathy 
at all 3 sites, but only at the femoral neck in T2DM pts with Charcot arthropathy. 
DM pts with Charcot arthropathy tend to have long-standing DM and advanced 
DM complications. In this population, it remains to be determined if early 
diagnosis of low BMD and initiation of antiresorptive therapy will be beneficial 
in the prevention of either recurrent Charcot or common osteoporotic fractures. 
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THE BIOMECHANICAL FEATURES OF CHRONIC STAGE OF CHARCOT 
FOOT AND THEIR CHANGES AFTER ONE YEAR OF FOLLOW-UP 
V. Bregovsky, T. Tsvetkova and V. Lebedev. City Diabetological Centre, State 
Scientific Technical Complex “Module”, St.-Petersburg, Russia. 
Background and aims: Charcot arthropathy (CA) is believed to be one of the 
serious complications of diabetic neuropathy. Progressive deformation of the foot in 
patients with CA creates biomechanical abnormalities that lead to ulceration and 
amputation. The aim of present study was to investigate the biomechanical 
parameters of the feet with chronic stage of midfoot CA and their changes after one 
year of follow-up. Patients and methods: Fifteen diabetic patients (5 males, 10 
females) with CA in midfoot («rocker bottom» or «medial convexity») were 
examined. Mean age was 51.7±13.2 years, duration of diabetes - 23.4±9.6 years. 
Five patients were re-examined after one year. The absence of active stage was 
confirmed by X-ray. 10-g monofilament and biothesiometry in conjunction with 
plantar pressure distribution measurement (emed-AT-2, novel GmbH, Munich) were 
carried out. Data analysis was performed with novel scientific software. Peak 
pressures (PP), N/cm\ maximum force (MF), % of body weight (B W), force-time 
integrals (FTI), % of BWxs for different foot areas, arch indexes (AI), and other 
geometric parameters were calculated. Results: AI (0.32±0.05 vs 0.21±0.09), PP 
(39.0+32.5 vs 10.3±5.6), MF (46.2±25.0 vs 16.3±11.4) and FTI (30.5±18.9 vs 
9.1±7.9) under the midfoot with CA were increased (p<0.05) compared to the 
contralateral foot. Subarch angle in CA feet was also greater (U4.1±2.8 vs 
94.4±7.0). After one year of follow-up the significant changes in PP were found 
only in two patients with PP under the midfoot greater than 60N/cm 2 : 94.6±9.9 vs 
59.8±7.6 and 99.2±16.6 vs 72.7+4.9. Highest PP remained unchanged in one patient: 
110.9±I4.4 vs 103.4+12.6 and no changes were observed in two patients with PP 
less than 60N/cm 2 . Conclusions: Charcot arthropathy in midfoot is characterized 
with high level of midfoot loading and increased subarch angle. Changes in the PP 
during follow-up in chronic CA appear to depend on the baseline PP level. 
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EARLY DIAGNOSIS OF CHARCOT OSTEOARTHROPATHY: THE 
OPPORTUNITY TO ARREST ITS DEVELOPMENT 

N. Petrova, A. Foster, M. Bates, M. Doxford, M. Al-Janabi, M. Buxton-Thomas and 
M. Edmonds. King’s Diabetes Centre, London 

Background and Aims: Early diagnosis of Charcot osteoarthropathy to prevent 
deformity is important A high index of suspicion is needed. The aim of this study 
was to diagnose Charcot osteoarthropathy as early as possible and initiate early 
treatment. 

Materials and Methods: We studied 21 diabetic patients presenting with a red, hot, 
swollen foot, mean age 52 ± 10 years (mean ± SD). Initially, each patient underwent 
X-ray and technetium hydroxy-diphosphonate scan with X-ray follow-up, in order to 
evaluate possible further changes. All patients were treated with offloading including 
combinations of total contact casts (6), Air casts (13) and crutches (15) and 
wheelchairs (10). 

Results: In 10 patients, the X-ray revealed classical changes of Charcot’s 
osteoarthropathy, 5 in the mid-foot and 5 in mid-foot and hindfoot. The bone scan 
showed increased uptake in these areas. In 5 patients, the radiological changes were 
borderline, 2 in the mid-foot, 2 in the mid- and hindfoot and one in the hindfoot. 
However the bone scan showed markedly increased uptake of isotope not only in the 
area of the borderline radiological abnormality but throughout the mid-foot or the 
hindfoot or both, confirming the diagnosis. Radiological follow-up at 3 months 
revealed Charcot changes in a similar distribution to that of the bone scan. In 6 
patients, the X-ray was normal at the time of presentation. However the bone scan 
showed focal hot spots, 4 in the mid-foot and 2 in the hindfoot. In 2 cases, 
radiological changes of Charcot developed at 2 and 3 months respectively. However, 
in 4 patients, the X-ray remained unchanged, at a mean follow-up of 2.1 ± 1.4 years. 
Conclusions: It is now possible to diagnose the Charcot foot at a very early stage with 
abnormal bone scan but normal X-ray to prevent progression of this condition. 
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Autonomic, peripheral neuropathy and osteoporosis in the 
diabetic foot 

Katushkina A., Mokhort T, Rudenko K Minsk, Belarus 

Aims: To correlate the bone mass density (BMD) in the calcaneum in patients 
with and without neuropathic diabetic foot (NDF) and patients with autonomic 
neuropathy (AN). Material and methods: 60 type 1 DM patients were evaluated 
and divided into three homogeneous groups: I - without NDF (group 1), II - with 
NDF (group 2), IB - with NDF and AN (group 3). Group 1:18 patients (8 male 
and 10 female) mean age 40,7+_8,9 yrs. Group 2: 20 patients (m/f: 10/10) mean 
age 46,9+11,5 yrs. Group 3: 22 patients (m/f: 10/12) mean age 53,6+9,lyrs.The 
average of HbAlc, BMI and duration of diabetes w ere also evaluated. BMD w as 
measured at the distal radius by Dual Energy X-ray Absorptiometry (DEXA) and 
on the left calcaneum by Ultrasonograthy. Results: in group 1 the averages were: 
HbAlc (9,0+1,8); BMI (24,9+1,7) and duration of DM (8,6+5,8). BMD at the 
distal radius was normal in 16 patients (88,9%) osteopenia in 2 patients (11,1%). 
BMD on the calcaneum was lower in 2 patients (11,9%) while 16 patients showed 
normal values (88,9%).In group 2: the averages were: HbAlc (9,3 +.2,1); BMI 
(25,9+1,5) and duration of DM (14,6+7,6). BMD at the distal radius was normal in 
8 patients (40%) osteopenia in 9 patients (45%) and osteoporosis in 3 (15%). 
BMD on the calcaneum was lower in 4 patients (20%) while 16 patients show ed 
normal values (80%). In group 3: the averages were: HbAlc (9,7+1,9); BMI 
(26,4+1,7) and duration of DM (16,6+7,2). BMD at the distal radius was normal in 
6 patients (27,3%) osteopenia in 11 patients (50%) and osteoporosis in 5(22,3%). 
BMD on the calcaneum was lower in 7 (31,8 %) while in 15 patients showed nor¬ 
mal values (68,2%). The difference in BMD on calcaneum was statistically sig¬ 
nificant between 1 and 2 (11,9% VS 20% p=0, 01); between 2 and 3 (20% VS 
31,8 p=O,01) being the higher degree of osteoporosis in the group with NDF and 
AN. Conclusions: 1. Peripheral neuropathy could be a risk factor for osteoporosis 
in the diabetic foot. 2. Association autonomic neuropathy significantly increases 
the risk of ostcopcnosis development in the diabetic foot 
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THE EFFECT OF POLYNEUROPATHY ON THE FOOT 
MICROCIRCULATION IN TYPE 2 DIABETES 

Nabuurs M, Houben A, Dennert J, Bleeker D, dc Bruin T, Schaper N. Dept, of Int. 
Medicine, university hospital Maastricht; CARIM, Maastricht, The Netherlands. 
Background and Aims: Peripheral polyneuropathy (PNP) is a risk factor for 
diabetic foot ulcers. Polyneuropathy could result in impaired peripheral 
microcirculation, jeopardising delivery of fluid and nutrients. Therefore, we 
studied microcirculation and fluid filtration rate (FFR) in the feet of type 2 diabetic 
patients with PNP (PNP+, n-14) and with a history of a neuropathic foot ulcer 
(Ulcer, n=9), without PNP (PNP-, n=14), and 14 healthy controls (C). All subjects 
were matched for age, gender, BMI, and were without peripheral vascular disease 
or varicosis. Materials and Methods: FFR was measured by mercury strain gauge 
plethysmography, skin blood flow by Iaser-Doppler fluxmetry (LDF) and capillary 
blood cell velocity (CBV)/capillary density by nailfold capillary microscopy. All 
measurements were performed first supine and subsequently during 50 minutes 
sitting in standardised conditions. Results: Supine CBV (data not shown) and 
Effective Nutritive Blood Flow (ENBF = CBV x capillary density) were low'er in 
Ulcer (6.6 number/mm/s) compared to PNP+ (13.9), PNP- (16.4), and C (12.1) 
(pF=0.05). In the diabetic p3tients we found a negative correlation between the 
severity of neuropathy (Valk-score) and ENBF (supine r=-046; p<0.02). After 
sitting the decrease in LDF was larger in Ulcer (-33%) compared to PNP+ (-10%), 
PNP- (-14%), and C (-1%) (p=0.005). No further differences in microcirculatory 
variables were observed. Compared to Controls (0.00286 ml/d 1/s) FFR in the first 
10 minutes sitting was lower in Ulcer (0.00121) and PNP+ (0.0020) (p<0.001) and 
unaltered in PNP- (0.00194). Furthermore, we found a negative correlation (r= - 
0.41; p<0.01) between Valk-score and FFR in the first 10 minutes of sitting. 
Conclusion: In type 2 diabetic patients skin microcirculation and fluid filtration 
are in particular impaired in subjects with a history of foot ulceration. These 
defects are probably related to polyneuropathy, as the decrease in ENBF and FFR 
w ere associated with the severity of PNP. These results suggest that PNP results in 
a decrease in total microcirculatory blood flow w ith a subsequent loss of capillary 
filtration surface. Alternatively, the decrease in FFR could be caused by an 
increase in interstitial hydrolic pressure in the neuropathic foot, as observed 
earlier. 
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PREVALENCE OF PATHOGENIC ORGANISMS IN SEVERE FOOT 
INFECTIONS IN THE OUTPATIENT DIABETIC FOOT CLINIC. 

P. Mendes, R. Carvalho, C. Horta, J. Dores, B. Serra, R Ramos, E. Calado*, H. 
Ramos* and J. Amorim*. Endocrinology and Microbiology* Departments. Hospital 
Geral de Santo Antonio - Porto, Portugal 

Background and Aims: Foot infections are a common and serious problem in 
diabetic patients. The aim of this work was to study the prevalence of pathogenic 
organisms in severe foot infections and to assess the efficacy of the empirical 
antibiotic regimens. 

Materials and Methods: A restrospective analysis (between Nov/97 and Dec/99) of 
78 infected foot ulcers was done. 91% of the patients had type 2 Diabetes and 9% 
type 1 Diabetes. The mean age was 62 years (min-max;28-85) with 49% females and 
61% males. The mean time of evolution since diagnosis was 15 years (1-41). 73,1% 
had a neuropatic foot and 26,9% had a vascular foot. We have found radiological 
and/or probe to bone evidence of osteomyelitis in 53,8%. The samples were obtained 
from the deeper tissue, and by needle aspiration when pus was present. 

Results: 78 cultured wounds were positive and studied. 23% of the cultured wounds 
were polymicrobial, with 44,4% of anaerobes. Gram(+) aerobic bacteria were the 
commonest micro-organism isolated (51,3%), followed by Gram(-) aerobic bacteria 
(25,7%). Anaerobes were isolated in 30,8%. Of the Gram(+) aerobes, Staphy lococcus 
aureus was found most frequently (67,5%) and 26% were methicillin-resistant 
(MRSA). MRSA was isolated only in patients treated with several antibiotics before. 
Pseudomonas aeruginosa was present in 15,3% of the Gram(-) aerobes isolations. All 
patients iniciated empirical treatment. The antibiotics selected were 
amoxicillin/clavulanate (29,5%), ciprofloxacin/clindamycin (29,5%) and imipenem 
(41%). Of the micro-organisms isolated, 17 were resistant to the antibiotic selected. 
These included: 7 MRSA, 5 Pseudomonas aeruginosa, 4 Morganella morganii and I 
Serratia marcescens. These micro-organisms were more resistant to imipenem 
(p=0,0011) and less to ciprofloxacin/clindamycin (p=0,052). One of the outcomes of 
the empirical treatment was a major amputation in 8 patients. These amputations were 
more frequent when resistant micro-organisms were isolated (p=0,058). 

Conclusions: The prevalence of the micro-organisms isolated is similar to that 
described in the international studies, with a significant number of MRSA, but with 
less polymicrobial isolations. The revision of the initial antibiotic regimens according 
to antibiograms is mandatory to ensure better outcomes. 


1066 

PERIPHERAL AUTONOMIC NERVOUS SYSTEM FUNCTION AND FOOT 
ULCERATION IN DIABETES 

A. Karanti 1 , N. Tentolouris, P. Tsapogas, P. Kokotis, C. Kyriakopoulos, K. 
Karidakis, U. Smith 1 and N. Katsilambros. 1 st Department of Propaedeutic 
Medicine, Athens University Medical School, Athens, Greece and ‘Department of 
Internal Medicine, Sahlgrenska University Hospital, Gothenburg, Sweden. 
Background-Aims: Although peripheral sensory neuropathy (PN) is a major risk 
factor for foot ulceration, there is paucity of data concerning the contribution of 
impaired peripheral autonomic nervous system (ANS) function to foot ulceration in 
diabetic subjects (DS). This study examined the relationship between indices of 
ANS function and foot ulceration in diabetes. Materials and Methods: Forty-nine 
patients with either type 1 or type 2 diabetes were studied. Diagnosis of PN was 
based on clinical symptoms (NSS), signs (NDS) and quantitative sensory testing 
(vibration perception threshold, VPT). DS were matched for age and sex and 
divided in 3 groups: Without PN (DN-, n=22); with PN (DN+, n=I3); with 
neuropathic foot ulceration (DFU, n=14). Postural vasoconstriction arteriolar reflex 
(VAR) and ANS activation during deep breathing (DB) were evaluated using Iaser- 
Doppler flowmetry at the dorsal aspect of the right foot. Sympathetic skin response 
test (SSR) was also performed on the same foot. Results: VAR [median 
(interquartile range)] (%) values w ere not significantly different among DN-, DN+ 
and DFU [36.6 (28.7-53J), 23.8 (1.2-42.3 and 43.7 (15.5-61.6) respectively, 
P-0.19]. The same was valid for DB values (%) [38.1 (22.7-48.6), 20.3 (13.9-33.8) 
and 29.9 (10.9-40.6) respectively, P=0.08]. SSR was absent in all but 2 DS with 
DFU, in 6 DS in the DN+ group and in 2 DS in the DN- group (P<0.0001). 
Logistic regression analysis, adjusted for age, sex, blood pressure, duration and 
control of diabetes, as well as the indices of peripheral somatic and ANS function, 
showed that only HBA Jc , NDS, VPT and an absent SSR, but not VAR or DB, are 
associated independently with foot ulceration: Odds ratio (95% confidence 
intervals): 1.48 (1.04-2.10), 2.67 (1.50-4.75), 1.20 (1.08-1J3), 3.75 (1.24-11.24), 
1.01 (0.99-1.03) and 0.98 (0.94-1.02) respectively. Conclusions: Poor diabetes 
control, severity of peripheral somatic neuropathy and absence of sweating-but not 
impaired vasoconstrictor tone-in the feet are associated w ith increased risk for foot 
ulceration in diabetic patients. 


1068 

Assessment of non-specific immune response to infection in patients with 
diabetic foot 

A. Jirkovska, V. Fejfarova, J. Hosova, J. Kalanin, 1. Striz and J. Skibova. Institute for 
Clinical and Experimental Medicine, Prague, Czech Republic 

Background and Aims: The major factors of an non-specific immune response are 
phagocytic cells including polymorphonuclear leukocytes (PMN), which are also able 
to kill and degrade the substances which they eat in a process requiring energy and 
associated with a'respiratory burst' of oxygen consumption. The aim of our study was 
to assess PMN functions in patients with chronic diabetic foot (DF) bacterial 
infection. 

Materials and Methods: 30 patients treated over one month for an infected DF in our 
foot clinic (mean age 54 ± 8 years, duration of diabetes 20 ± 9 years, HbAlc 8.8 ± 1.5 
%) were matched with 25 healthy controls. All patients were without clinical signs of 
acute deep infection and without critical leg ischemia. Phagocytosis and respiratory 
burst of PMN were determined by flow cytometry (Phagotest, Bursttest; Orpegen 
Pharma, Heidelberg, F.R.G.) in basal state and after stimulation with Escherichia coli. 

Results: The patients with DF did not differ significantly in the count of active PMN 
in basal state in Bursttest from healthy controls (2.6 ± 2.0 vs. 3.0 ± 2.8%), but the 
fluorescent activity of these cells was significantly lower in the group of patients with 
DF (396 ± 228 vs. 574 ± 337, p < 0.05). There were no significant differences in the 
count of active PMN (87 ± 13 vs. 82 ± 19 %) and their fluorescent activity (3097 ± 
2122 vs. 3270 ± 2135) in stimulated state between the group of patients with DF and 
healthy controls in Bursttest. The count of phagocyting PMN in basal and stimulated 
stale and their fluorescent activity did not differ significantly between both study 
groups. 

Conclusions: The results of our study show a slightly altered non-specific immune 
response to infection in diabetic patients with chronic foot infection in comparison 
with healthy subjects. 

Supported by grant of Ministry of Health IGA No. 5223-3 
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Measurement of toe blood pressure is useful in screening for lower extremely 
arterial disease in diabetes patients. 

D. Sahli, B Eliasson, M Svensson and J W Eriksson. 

Depts of Medicine, Universities of UmeS and GOteborg, Sweden 

Background and Aims: Screening for lower extremity arterial disease (LEAD) has 
often included measurement of ankle blood pressure (AP) and ankle/arm index (AI). 
However, in diabetes patients the readings are often higher than the true pressures due 
to medial sclerosis. Therefore, we evaluated a screening program using toe blood 
pressures (TP) and toe/arm index (TO measured with a simple non-invasive method. 
Materials and Methods: We recruited 437 subjects (age 30-70) none of whom had 
any previously known or suspected LEAD. 134 subjects were controls (C), 166 had 
type 1 (T1D) and 137 type 2 (T2D) diabetes. A blood pressure cuff on the ankle or the 
proximal part of the great toe was connected to a sphygmanometer and the distal pulse 
was monitored with Doppler for AP and a pulse oxymeter sensor for TP. Impaired 
peripheral circulation was defined as pressures or indices below mean-2SD for the 
control group. 

Results: When using AP, AI (a tib ant and a tib postX TP and TI together, 6% of C, 
24% of T1D and 31% of T2D had at least one of those measurements below normal in 
either leg, i.e. a sign of impaired arterial circulation (p<0.001 for T1D or T2D vs C). 
With AP and AI alone these numbers were 4%, 10% and 12%, respectively (p<0.05). 
Low TP (<79 mmHg) or TI (<0.74) despite normal AP and AI was found in 2% of C, 
16% ofTIDM and 20% of T2DM (p<0.001). Conversely, low AP or AI combined 
with normal TP and TI was found in only 4%, all groups included. Furthermore, the 
number of diabetic subjects exhibiting low AI or TI was 4-5-fold greater than those 
with low AP or TP. 

Conclusions: In diabetic patients, measurement of TP and TI, as compared to AP and 
AI alone, markedly improves the diagnostic sensitivity with respect to LEAD, and this 
is probably mainly explained by medial sclerosis being common at the ankle but not 
at the forefoot level. Furthermore, reduced AI and TI, i.e. indices adjusting for 
systemic blood pressure were more sensitive than the absolute pressures (AP and TP) 
alone. We suggest that toe blood pressures should be included in the evaluation of 
atherosclerotic disease in diabetes. 25-30% of asymptomatic patients may exhibit 
impaired peripheral circulation. 
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Regional differences concerning diabetic foot lesion outcomes - preliminary 
results of a prospective study 

J. MoIIenberg (1), S. Morbach (1), Z.G. Abbas (2), V. Viswanathan (3), H R. Ochs 
(1), J.K. Lutale (2), R. Seena (3), A. Ramachandran (3). Soest, Germany (1) - Dar es 
Salaam, Tanzania (2) - Chennai, India (3) 

Background: Although the pathogenesis of the diabetic foot is probably similar in 
different parts of the world, regional variation concerning proportions of underlying 
risk conditions and clinical presentation has been described. Differences concerning 
outcome of those lesions are to be expected. 

Aim: To determine the differences of diabetic foot lesion outcomes in different 
regions of the world. Patients and Methods: 613 consecutive patients with diabetic 
foot lesions from three centers (A=Soest/Germany, B=Dar es Salaam/Tanzania, 
C=Chennai/India) were included in this study. Outcome related data (healing without 
amputation, performed amputation, or death before healing), as well as data on event 
duration w ere collected for each patient. In addition, the impact of peripheral vascular 
disease (PVD) on outcome was investigated. 

Results: Complete information was available on 451 patients (74%). PVD was 
evident among 50% of the patients from A, 22% from B, and 17% from C. 
Revascularization was implemented in 14% of the German patients, but not in centers 
B and C. In all three centers, healing without amputation was attainable in more than 
two thirds of the lesions (76%, 73% and 77%). Amputation had to be performed in 
20.2% (Major: 7.1%), 22.5% (7.9%) and 22.7% (4.5%) of the cases, respectively. 
Average healing duration was 92.2 days in A, 132.3 days in B, and 118.3 days in C. 
While only 7.9% of patients without evidence of PVD from center A underwent 
amputation, it was far more frequent in B in C (18.8% and 18.7%, p<0.05). Tanzanian 
patients with PVD had an almost ninefold increased risk of death prior to healing 
compared with their counterparts without vascular disease (35% and 4%, respectively, 

p<0.001). 

Preliminary Conclusion: In the German population, the outcome of diabetic foot 
lesions seems to be predominately influenced by the presence and successful therapy 
of PVD. In contrast, progressive infection appears to be the primary problem among 
developing countries, as reflected by high amputation rates in patients without 
evidence of vascular disease. 
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Increase in body weight contributes to increased mean peak plantar foot 
pressures and pressure times in patients w ith diabetic neuropathy 

L.Thiaspras, C. Theodoropoulos, E. Giannopoulou, A. Kamaratos, S. IrakJianou, A. 
Melidonis. Diabetic Center, Tzanio Hospital, Piraeus, Greece 

Background and Aims: Foot ulcers have been shown to occur at sites of high plantar 
pressure in patients with diabetic neuropathy. The most common anatomical sites of 
foot ulcerations are under the metatarsal heads and the plantar aspect of the big toe. 
The aim of this study was to investigate the peak plantar pressures and pressures times 
on the above anatomical sites under the effect of increased weight in patients with 
diabetic neuropathy. 

Materials and Methods: Two groups of volunteer's patients with type II diabetes 
were evaluated. Group A (n=10) composed of patients with diabetic neuropathy 
(VPT>25 volt, 5.07 S.W. monofilament 10-g insensitivity). Group B (n=10) 
composed of patients without neuropathy. The subject groups were of similar age, 
sex, BMI and duration of diabetes. Using the Foot-Scan RS International barefoot 
pressure measurement system, repeated measures were recorded on both groups and 
peak plantar pressures and pressure times were compared under three conditions. The 
first condition involved measurements without any additional weight and served as a 
baseline measurement (Cl). The second and third test conditions involved pressure 
measurements with an additional 5 kg (C2) and 8,5 kg (C3) respectively, of weight 
evenly distributed in pockets of a workout vest. For the purpose of the study, only 
data recorded from under the metatarsal heads and big toe were used for analysis, and 
the mean peak preassures in N/cm2 (MPP) and mean pressure times in msec. (MPT) 
were obtained. All patients were able to walk comfortably, unaided, at their own pace. 
Results: In group A there was a significant increase in mean peak plantar foot 
pressures for each incremental increase of weight (MPP: Cl=16,09, C2= 17,21; 
C3=18,81 that Cl vs C2: p<0.05 ; Cl vs C3: p<0.05 and C2 vs C3: p<0.05). The 
mean peak pressure times were significant increase in C3 (MPT: Cl =563,2; 
C2=579,9, C3=635,31 that Cl vs C3: p<0.05 and C2 vs C3: p<0.05). In group B there 
was not any significant statistical differences between the three conditions (MPP: 
Cl=17,39; C2= 17,50; C3=17,33 and MPT: Cl=609,6; C2=620,7, C3=624,5) 
Conclusions: Small amount of increase in body weight contributes to increased mean 
peak plantar pressures, while bigger amounts of increase in body weight contributes 
also to increase mean peak pressure times in patients with diabetic neuropathy. 
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Is it better if w e show a fall, or a rise, in the rate of major amputation? 

Pound N, Jeffcoate WJ, Macfarlane RM, Treece KA & Game F 

Department of Diabetes and Endocrinology, City Hospital, Nottingham NG5 1PB, 

UK 

In the very long term, it is to be expected that improvement in diabetes management 
will lead to a substantial fall in the number of major (at or about the knee) 
amputations undertaken for diabetes. This does not mean, however, that amputation 
rate is necessarily a guide to the quality of specialist foot care in the short term. This 
is because the principal reasons for variation in amputation rate relate not to the 
quality of management but to the nature of the population, the structure of health care 
services, and prevailing medical orthodoxy. Amputation rate is a reflection of medical 
activity, and not just of disease incidence and severity. If a sizeable percentage of foot 
ulcers are also managed by non-specialist teams, it follows that the rate of amputation 
may be largely beyond the influence of specialists working within the field. Our own 
unpublished observations made at the time of the release of the St Vincent 
Declaration targets in 1989, indicated that only about 25% of the expected major 
amputations for diabetes were initiated by our multidisciplinary foot care clinic. We 
believed therefore that the primary target for the care of established foot problems 
should be to ensure a greater referral rate to specialist services, and that within those 
services this should be reflected in a rise in amputation rate, and not a fall. 

We have therefore analysed data collected in our unit on both minor and major 
amputations between 1988 and 1999. The mean annual rate of referral of patients with 
new ulcers has increased progressively from 40.0 (1988-1990) to 87.3 (1997-1999). 
Over the same ten year interval there was a rise in the mean annual number of major 
and minor amputations from 5.0 and 5.7, respectively, to 9.3 and 16.3. However, 
when expressed as a percentage of new referrals, there was no change in either: 12.5 
and 14.3% to 10.6 and 18.6%. These data confirm that we have substantially 
improved the percentage of foot ulcers being managed by specialist services, and this 
is reflected in a substantial rise in the number of amputations performed. 
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Non-traumatic lower extremity amputations in diabetic patients: a 8-year 
population based survey in an Italian region. 

L. Scionti and M Mass! Benedetti on behalf of the Cooperative Study Group of 
theTrogetto Umbria Diabete', Department of Internal Medicine. University of 
Perugia, Perugia, Italy. 

Background and Aims: To perform a retrospective, population-based survey of all 
non-traumatic lower-extremity amputations (LEAs) carried out in Umbria (831,714 
inhabitants), Italy, in 8 years (1991-1998). 

Materials and Methods: The registries of the operating rooms of all the surgical 
wards in Umbria were examined to quantify the LEAs and identify the subjects. 
Details about the patients were subsequently obtained from the hospital records of all 
the amputees (A). At least one of the following criteria had to be fulfilled to identify a 
patients as diabetic: 1) history of diabetes, 2) pharmacologic hypoglycemic therapy 
before surgery, and 3) fasting plasma glucose >140 mg/dl before surgery. 

Results: In 1991-1998, 973 umbrian residents underwent LEAs and 52.2% of them 
were diabetics. The median age at LEA was 74 yrs (range 35-96) for diabetic A (DA) 
and 78 yrs (44-98) for non diabetic A (NDA) (p<0.001). Within both groups age at 
LEA was higher in females than in males. Males were more numerous than females 
amomg the A, but the sex ratio (M/F) within the groups was markedly different (1.3 
in DA and 2.3 in NDA; p<0.001). The incidence of new A was 22.84/ 10,000/yr in 
diabetics and 1.06/10,000/yr in non diabetics. The incidence increased with age in 
both groups and was significantly higher in diabetics at all ages. Overall perioperative 
mortality was 8.8% and was higher among the NDA (10,5% vs 7,3%; p= ns). The 
number by year on new DA did not significantly change over the 8-year period. 
However, the ratio between major (above ankle) and minor (below ankle) new DA 
progressively decreased from 1.41 to 0.61 suggesting that LEAs are now performed at 
a more distal level than in the previous years. 

Conclusions: although in our region DA still represent more than 50% of all the A 
and their number did not decrease over the years, the level of amputation is now more 
distal than in the past. 
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DIABETIC FOOT SYNDROME (DFS) RISK FACTORS AND 
INCIDENCE IN THE DIABETICS, RESIDENTS OF UZBEKISTAN. 

G.N. Rakhimova , Z. S Akbarov. Diabetic Foot Department, Institute of 
Endocrinology, Public Health Ministry, Republic of Uzbekistan, 
Tashkent. 

AIMS: to assess diabetic foot syndrome risk factors and incidence in 
patients with diabetes mellitus (DM), residents of Uzbekistan. 
MATERIALS AND METHODS: 1063 DM patients (555 females, 508 
males, 36.5% with 1 type DM, 63.5% with 2 type DM) referring to the 
Institute of Endocrinology within a year were examined by a podiatrist 
for assessment of vibration sensation by a calibrated tuning fork, of 
tactile perception by a lOg. monofilament, of thermal sense by TRI¬ 
TERM device as well as of pain sensitivity and tendon reflex. Glycemia 
and HbAlc level were measured to rate compensation, Wagner clas¬ 
sification being used to value diabetic ulceration. RESULTS: peripheral 
polyneuropathy was diagnosed in 74% of DM patients (23.6% with 1 
type DM, 76.4% with 2 type DM). DFS was observed in 25% of the 
diabetics (33.1% and 66.9%, respectively), DFS neuropathic form making 
it 82.7%, the ischaemic one — 1.6%, the mixed one - 15.7%. Risk factor 
analysis showed DFS incidence of 12.5% and 69,8% depending on the 
disease duration of < 5 years and >10 years, DFS incidence of 6.5% and 
42.7% in age groups of 20-29 and 60-69 years, respectively. HbAlc level 
in DFS patients was more than 11%, that is, confidently higher (p< 0.001) 
than in the group without DFS. CONCLUSIONS: DFS was observed in 
25% of DM patients admitted at the Institute of Endocrinology, disease 
duration, age and diabetes compensation stage being the major risk 
factors. High DFS incidence, resulting in disability of DM patients, makes 
necessary self-control optimization as well as diabetic foot departments in 
various areas of Uzbekistan and training of podiatrists for diabetic foot 
intervention measures to be accomplished. 
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Prevalence and Risk factors for Peripheral Vascular Diseases among Korean 
diabetic patients 

H.S. Kim, K.H. Yoon, H.S. Kwan, J.M. Lee, S.H. Ko, B.Y. Cha, K.W. Lee, H.Y. Son, 
and S.K. Kang, Catholic University, Seoul, Korea 

Background and Aims: It has been reported that the prevalence rate of peripheral 
vascular diseases of the Western diabetics is 20-40% while that of the Asian 
counterparts is low at about 3-6%. Hence, this study investigated the prevalence and 
the risk factors of peripheral vascular diseases among Korean diabetics. 

Materials and Methods: This study included 1,677 and 850 patients at each of the 
respective two hospitals-one in Seoul and one Suwon (a city located in the vinicity of 
Seoul). Endocrinology outpatient clinics were visited for three months from 
December 2000 through February 2001. Among them, 1316 patients(52% of the 
participated patients) had their ankle-brachial index measured. Peripheral vascular 
disease was defined as having an ankle-brachial index of < 0.9. And it investigated 
conventional risk factors of atherosclerosis and presence of diabetic complications. 
Results: The prevalence rate of peripheral vascular diseases was 2.5%(33ca$es). The 
prevalence rate of patients with ABK0.95 was 4.9%(65cases) while that of the 
patients with ABK1.0 was 6.8%(90 cases). When these two groups (ABI<0.9 vs 
ABI>=0.9) were compared for the presence of a peripheral vascular disease, a 
significant difference was merely observed with respect to age, systolic and diastolic 
blood pressure (67.8+/-10.9 vs. 59.2+/-11.5 years old, p=0.0001; 145.3+/-16.1 vs. 
130.9+/-17.7 mmHg, p=0.0001; 83.0+/-9.1 vs. 79.O+/-10.5 mmHg, p=0.018, 
respectively). The results of the stepwise logistic analysis showed that age (OR, 
0.934, p=O.014) and systolic blood pressure (OR, 0.965, p=O.008) were sinificant risk 
factors. 

Conclusions: Unlike the Western counterparts, Korean diabetic patients showed a 
low prevalence rate of peripheral vascular disease, revealing a similar prevalence rates 
as that of other Asian populations. Among Korean diabetics, the age and systolic 
blood pressure were the most significant risk factors of peripheral vascular disease. 


1076 

INCIDENCE OF TYPE 2 DIABETIC FOOT ULCERATION AND LOWER 
LIMB AMPUTATION IN A DUTCH PRIMARY HEALTH CARE SETTING 

I. Statius Muller, WJ.C. de Grauw*, W.H.E.M. van Gerwen*, M.L. Bartclink, 
HJ.M. van den Hoogen* and G.E.H.M. Rutten. Julius Centre for General Practice 
and Patient Oriented Research, University Medical Centre Utrecht and 
♦Department of Family Medicine of the University of Nijmegen, the Netherlands 
Background and Aims: Studies outside the Netherlands show varying 
prevalences of diabetic foot ulceration from 2-7% and of lower limb amputation 
from 1.3-4%. Nothing is knowTi about its incidence. Our aims are to determine the 
incidence of diabetic foot ulcers and lower limb amputations in type 2 diabetic 
patients in a primary health care setting. Materials and Methods: The data were 
collected in the academic research network of the department of General Practice 
University Nijmegen (the Nijmegen Monitoring Project) between 1993 and 1998. 
The NMP is a continuos prospective registration of the course of type 2 diabetes 
mellitus in 9 general practices, with a total population of 46,500 patients. In 
addition chart research was performed in all patients with registered diabetic foot 
problems, those who died, moved to a nursery home or were under specialist care. 
The yearly incidence of foot ulceration was defined as the number of type 2 
diabetic patients who developed a new foot ulcer .Likewise the incidence of lower 
limb amputation was defined. Results: The study population of type 2 diabetic 
patients per year increased from 552 patients in 1993 to 745 patients in 1998. The 
yearly incidence of foot ulceration varied from 1.1*2.7% with a mean of 1.9%. * 
25% of the patients had recurrent episodes. The yearly incidence of patients with 
an amputation varied from 0.4-0.8% with a mean of 0.5%. Ten of the 15 patients 
with a lower limb amputation died, 4 patients during their hospital stay for 
amputation, the other 6 between one and 3 years after their first amputation. In 
80% foot ulceration preceded the amputation. Conclusions: The incidence of 
diabetes related foot ulceration and lower limb amputation is low but persistent in 
this unselected population. The recurrence rate and risk for subsequent amputation 
are high with devastating consequences of invalidation and a high mortality. 
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REPRODUCIBILITY OF FOOT EXAMINATION IN DIABETIC FOOT 
PATIENTS 

Van Putten MA*, NC Schapcr*VFontys Paramcdischc Hogeschoo! Eindhoven, 
♦♦Dcpt.of Med, University Hospital Maastricht, The Netherlands 
Background and Aims: Foot examination is the cornerstone for foot ulcer 
prevention and several techniques have been advocated to detect patients at risk. 
However, how these techniques perform in elderly diabetic patients in daily 
practise frequently remains to be determined. In the present study we investigated 
the intra- and intertester reproducibility (Intra and Inter) of commonly used 
techniques. Materials and Methods: To determine Intra 45 diabetic patients, 
mean age 67.4 yrs., with polyneuropathy, were examined twice by the same 
examiner. To determine Inter, 20 identical patients, were examined by 2 
examiners. All examinations were performed on 2 separate occasions and 
consisted of: pinprick (Neurotip); monofilament (10 gram on apex hallux); tuning 
fork (128 Hz on apex hallux); Neuropathy Symptom Score (NSS-questionnaire); 
toe pressure (ToeP: pletysmography); Ankle-Brachial-Index (AB1: Doppler); foot 
type (FT: normal, flat or hollow); metatarsal length (ML: relative length of 
metatarsals in relation to each other); arterial pulsations foot; length and width of 
shoes; weight-bearing goniometry of the MTP1 (G-MTP1) and ankle joint (G- 
ankle). Reproducibility of each measurement and w as scored as: <.40 • poor; .40 - 
.60 = questionable; .60 - .80 = reasonable; > .80 = good. Results: Intra was 
questionable in ML (.44) and FT (.56); reasonable scored ABI (.64), art. pulsations 
(.68), ToeP (.74), G-ankle (.74), pinprick (.75). Good scored: shoe examination 
(.83), monofilament (.87), G-MTP1 (.80),), NSS-score (.89) and tuning fork (.92). 
Inter was poor in ML (.33) and FT (.34); questionable were ABI (.56) and art. 
pulsations (.56). Reasonable scored: ToeP (.66), G-ankle (.67), pinprick (.69), NSS 
(.76), monofilament (.77), shoes examination (.77) and G-MTP1 (.78). Good 
scored tuning fork (.83). Conclusions: Intertester reproducibility was higher than 
intratester in most examinations. Determination of foot type, palpation of 
metatarsal heads, palpation of arteries and ankle pressure measurement probably 
have a too low reproducibility for use in daily clinical practise. Acceptable 
reproducibility had the tests for neuropathy, toe-pressure measurement and shoe 
examination. In contrast to earlier studies, in which joint mobility was tested 
passively, the reproducibly of joint mobility tested during weight bearing was 
acceptable for daily practise. 
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EPIDEMIOLOGICAL STUDY OF TIIE INDICATORS RELATED TO 
DIABETES FOOT PROBLEMS IN BI.ACK SF.A AREA 
S. PRUNA on behalf of the Black Sea Tele Diab Consortium, Inst, of Diabetes, 
Nutrition and Metabolic Diseases, "N.PauIescu", I. Movila 5-7, 79811, Bucharest. 
ROMANIA 

Background and Aims: To demonstrate effective routine implementation of modem 
information and communication technology in the Black Sea area for the epidemiological 
study of the foot complications of diabetes mellitus, the most prevalent and costly of all 
the diabetes-related complications. Materials and Methods: To obtain a usable data set 
for audit, patient data were standardised on the WHO/EUROPE recommended Basic 
Information Sheet diabetes dataset. According to St Vincent Declaration the most 
important factors related to the development of foot ulcers are: regular inspection of foot, 
to identify whether or not is peripheral neuropathy, normal vibratory sensitivity, normal 
pin prick sensitivity, foot pulse present, healed ulcers, acute ulcers/gangrene, 
bypass/angioplasty leg amputations above ankle and leg amputations below ankle.The 
objectives of the Black Sea Tele Diab System (BSTD) were to develop and evaluate the 
use of a fully-computerised healthcare record system in a clinical setting, to promote the 
use of electronic data exchange of healthcare information and to provide a new framework 
for the epidemiological study and monitoring of diabetes care. Data of 3236 diabetics 
(mean duration 9.54 ± 8.35 jts, 1161 diabetics Type 1 and 2075 diabetics Type 2) were 
collected in diabetes clinics using the BSTD system from diabetes centres in Romania, 
Ukraine and Rep. of Moldova. All analysis were done with SPSS 10 for windows 2000. 
Results: 2739 patients (84.6 %) had regular inspection of the foot during the last 12 
months, among them 1381 patients (42.7 %) had peripheral neuropathy, 919 patients (28.4 
%) had no normal pin prick sensitivity, 927 patients (28.6 54) had no normal vibratory 
sensitivity, 335 patients (10.4 54) had no foot pulse present, 139 patients (4 3 54) had 
healed ulcers, 49 patients (1.5 54) had acute ulcers/ gangrene, 15 patients (0.5 54) had 
bypass/angioplasty, 23 patients (0.7 54) had above ankle leg amputations, 22 patients (0.7 
54) had below ankle leg amputations. Conclusions: (1) The BSTD software project has 
succeeded in delivering, free available, a competent piece of diabetes clinic software, in 
step with emerging European standards and the SL Vincent declaration and to ensure that 
all patients are adequately monitored. (2) There are some BS regions which are not 
covered effectively by sufficient number of cases i.e. the case power is not sufficient for 
diabetes foot problem progression analysis. (3) There is a crucial need for information 
from these, since it is not possible to make changes to health care delivery or the allocation 
of resources without data knowledge. 
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Factors associated with increased mortality in diabetic patients undergoing 
amputations 

S. Dcwan, E.B. Jude, S.G. Anderson, A. Middleton, J.P. New and R.J. Young. 
Department of Medicine, Hope Hospital, Salford, UK 

Background and Aims: Patients with diabetes are at increased risk of amputation and 
premature mortality. The aim of this study was to identify factors associated with the 
apparently increased mortality rates among patients with amputations. 

Patients and methods: This retrospective study, from 1990 to 2000, compared those 
patients with a previous amputation (Group A) to an age-matched group without 
amputation (Group B). Data were collected from a carefully validated population 
based diabetes information system that employs data linkage to ensure comprehensive 
capture of amputations and deaths. In group A the metabolic and complications data 
were from the year of their first amputation. In group B the most recent available data 
were used. 

Results: There were 162 patients in group A, age 71.2 ± 14.6 jts (mean ± SD) and 
302 in group B aged 70.4 ± 14.4 (p=NS). Seventy-one patients (43.854) died in group 
A and 53 patients (17.554) in group B (p<0.000l). Patients in group A were 
significantly more likely to be treated with insulin (p<0.0001) and have a longer 
duration of diagnosed diabetes (18.4±12.2 vs 11.9±7.8, p=0.008) compared to group 
B. Group A had an increased incidence of diabetic complications: neuropathy (5454 
vs 2054), peripheral vascular disease (70% vs 454), pre-proliferative and proliferative 
retinopathy (3954 vs 19% and 61% vs 14%, respectively); p<0.0001 for all 
complications. Furthermore, group A had higher HbAlc (8.9±2.7 vs 8.U2.354; 
p<0.01), scrum creatinine (141 ±132 vs 95 ± 62 mmol/1, p<0.001), albumin/crcatinine 
ratio (43.5±67.6 vs 6.6±14.9, p<0.001) and triglycerides (5.2 ± 19.8 vs 2.3 ± 1.5 
mmol/1; p<0.01). Scrum cholesterol, systolic and diastolic blood pressure were 
similar. 35 (2154) patients had more than one amputation of whom 19 (54%) died in 
the follow-up period compared to 52 (40%) who had a single amputation (p>0.05). 
Conclusions: Diabetic patients with amputations do have higher mortality. They also 
have poorer glycaemic control, higher lipids and worse renal function. Furthermore 
they have a higher prevalence of all diabetes related complications. Improving 
metabolic control may help reduce both amputations and mortality in people with 
diabetes. 
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Ethnic Differences in Risk Factors for Diabetic Foot Ukeration. 

C.H.M. van Schie, E Gegios, F Abouaesha and AJM Boulton. 

Department of Medicine, Manchester Royal Infirmary, UK. 

Background and Aims: It has been suggested that Asian diabetic patients have a 
lower prevalence of foot ulceration and amputation than compared to their Furopid 
counterparts. High plantar foot pressure in diabetic neuropathic patients is a major 
risk factor for foot ulceration and is strongly associated to the amount of subcutaneous 
plantar tissue thickness. Preliminary evidence has shown lower foot pressures in 
Asian compared to Europid diabetic patients. Therefore, the aim of this study w as to 
investigate plantar pressures and tissue thickness in these two ethnic groups. 

Materials and Methods: Fourteen age and sex matched Asian and Europid diabetic 
patients with neuropathy but without active or a history of ulceration were studied. 
Weight bearing plantar tissue thickness of all subjects was measured urder each 
metatarsal head (MTH) during weight bearing and dynamic peak plantar pressure was 
measured during barefoot walking. 

Results: Plantar tissue thickness was significantly greater and peak plantar pressure 
was significantly lower at all Mill's in the right foot of the Asian patients compared 
to their Europid counterparts (plantar tissue thickness at MTH 1-5 for Asians vs 
Europids: 12.2 ± 1.9 mm vs 10.1 ± 1.4 mm, 10.5 ±2.3 vs 8.2 ± 1.9, 9.3 ± 1.8 vs 7.4 ± 
1.7, 8.9 ± 1.7 vs 6.9 ± 1.6 and 7.7 ±2.1 vs 5.4 ± 1.1 respectively, and peak plantar 
pressure at MTH 1-5 for Asians vs Europids: 381 ± 191 kPa vs 596 ± 245 kPa, 462 ± 
291 vs 710 ± 275, 388 ± 152 vs 580 ± 252, 278 ± 87 vs 424 ± 281, 220 ± 170 vs 555 
± 375 respectively). Similar results were obtained for the left foot. 

Conclusions: The thickness of the soft tissue under the metatarsal heads w as found to 
be considerably greater in Asian compared to Europid diabetic patients and high 
plantar tissue thickness was significantly associated with lower foot pressures. This 
may explain the relative protection of Asian diabetic patients against foot ulceration, a 
relative uncommon problem in this ethnic group. 
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Treatment of diabetic foot lesions in hospital: results of 2 consecutive five- 
year-time periods, A.Benotmane, K. Faraoun, F. Mohammedi, K. Kadi, ME 
Amani. T. Benkhalifa. Department of Endocrinology and DSabetology, 

University Hospital of Oran. Algeria _ 

Aims: To compare the rates of limb amputations for diabetic foot lesions, the 
present study assessed the number of patients with diabetic foot lesions 
hospitalised in our Department in two five-year-time periods (1989-1993, and 
1994-1998), and the percent and site of amputations performed. 

Patients and Methods: During the first time period, 132 subjects with 166 
lesions (9.16% of the total admissions for diabetes) were hospitalised for 
diabetic foot lesions, while 176 subjects with 183 lesions (10.57%) were 
admitted during the second time-period. Patients mean age was similar in 
1989-1993 (59.64±11.74years) and in 1994-1998 (58.25±13.I3 years) [NS]. 
Results: An infectious lesion without neuropathy or arteriopathy was noticed 
in 6.75% of cases in 1989-1993 and 6.01% in 1994-1998. Most of the foot 
lesions (63.80% in 1989-1993 and 61.75% in 1994-1998) corresponded either 
to peripheral vascular disease or both vascular disease and neuropathy. The 
rest of the lesions (29.45% in 1989-1993 and 32.24% in 1994-1998) 
corresponded to neuropathic foot ulcers without ischeamia. Limb amputations 
were undertaken in 30.30% of the patients in 1989-1993, and in 27.84% in 
1994-1998 (NS). Minimal amputations with heel preservation were performed 
in 14.39% of the subjects in the first time-period and in 10.80% of them in the 
second period (NS). Major amputation rate was similar: 15.91% in the I s * 
period and 17.04% in the 2sd period (NS). The rate of in-hospital mortality 
was similar (9.09% and 8.52%, NS) while percentage of patients who left 
hospital against medical advice increased from 1.52% to 6.82% (p<0.03). 
Conclusions: The number of patients with diabetic foot lesions and the rate 
of limb amputations performed for these lesions did not change significantly 
over 5 years. The causes of the lack of improvement are multiple: lack of 
health programmes, absence of structured prevention, and insufficiency of 
financial resources which is common to developing countries. Civil 
disturbances can major it, like in Algeria since 1991. 
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Femoropopliteal Bypass in Critical Leg Ischemia Related Loner Extremity 
Artcrial Disease With and Without Diabetes Mellitus, in the city of Rio de 
Janeiro, Brazil, 1996-9 

D. Spichler, E.R_S.SpichIer, LLessa.A.C.FortLLJ.Franco. Health Ministry of Rio de 
Janeiro, Brazil 

Background and Alms: Patients most seriously affected with Lower Extremity Arterial 
Disease (LEAD) and Diabetes Mellitus (DM), have critical ischemia that endanger the viability 
of lower extremity and include subject undergoing surgical revascularization procedures or 
limbs amputations.Aims:To determine the frequency od Femoropopliteal Bypass (FPBP) 
performed on patients with LEAD or DM critical leg ischemia related to age, gender, 
hospitalization length of stay (LOS), mortality and governmental disbursement, compared to 
amputations ones. 

Methods: Data were collected from the Brazilian Public Health Care System (BPIICS), in Rio 
de Janeiro municipality. This sy stem comprised 81% of health care assistance, and FPBP came 
from 9 public hospitals units. 1CD-9 and ICD-10, were used to indetify the intersections 
between surgical procedures.Lower Extremity Amputations ( LEAs) registered were 2,132 
(43.6%) cases with LEAD and DM in the same period. There were excluded 2,753 (56.3%) 
LEAS done to trauma, and others causes. The average hospitalization LOS was calculated 
yearly for LEAD and DM discharges. Per-operative LEAD and DM mortality were analyzed 
yearly. Governmental disbursement includes hospital stay, referred to a prefixed FPBP and 
amputations values. 

Results:Data from BPHCS registered 1,108 FPBP, being 341 (32.5%) related to LEAD (in 48 
with DM and 293 without DM). Mean age was SD 9.1 y ( Median 67 y) for LEAD with DM 
and 68 SD 10.5 y. Median 68 y) without DM. (p<0.001). The male / female ratio was 1.18 for 
LEAD with DM, and 1.90 without DM.(p<0.001. The average of hospitalization LOS was: 
LEAD with DM 19 SD 13.4 days (range: 3 to 102), and without DM 20 SD 13.5 days ( range 1 
to 385). In-hospital mortality were not registered for DM, while without DM was 8.6%/y. The 
average disbursement for the total and for each patiently., was respectively: with DM, U$ 
9,836.00 / y, and US 819.00/ y.; without DM, US 80,041.00/y., and US 1,096.00 /. The number 
of amputations was 533 fy., being 341 (63.9%) with DM, and 192 (36.1%) without DM. The 
average amputations disbursement was: DM, US 220,831.00 / y., and 647.00 / y., and without 
DM US 124,224.00 /y., and 647.00 fy. 

Conclusions. FPBP has to be improved as an obvious advantage of preserving limbs. The 
average disbursement was 22.5 folds higher to amputate LEAD with DM, while without DM 
was of 1.5. Non-traumatic amputations are an important and costly problem. Systematic 
approaches to reduce its burden are needed. 
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Major Lower Extremity Amputations Related to Diabetes Mellitus and 
Peripheral Arterial Disease in the city of Rio de Janeiro, Brazil, in the period 
1990-2000. 

E.R. Stambovsky Spichler, D.Spichler, I.Lessa, A.C.Forti, L.J.Franco. Health 
Ministry of Rio de Janeiro, Brazil 

Background and Aims: To estimate incidence rates of Major Lower Extremity Amputations 
(LEAs) related to Diabetes Mellitus (DM) and Peripheral Arterial Disease (PAD), their 
amputation level and age distribution. 

Methods: Amputation data came from Amputation Register (AR) corresponding to 43 
Hospital Units. The population were 4.419.147 inab. aged 30-89 y. and 1.080.141 aged 55-74 y. 
Prevalence rates for DM and symptomatic PAD were based on information from the Brazilian 
Diabetes Census ( 9.2% for the age 30-69 y.) and published population-based studies (17% for 
(he age-group 55-74 y.), respectively. Data from the literature indicated that 23.5% of PAD 
patients, had also diagnosed diabetes. The chi-square test was used to compare proportions. 
Results: From the AR there were 5,339 LEAs and 5,023 (90.7%) of them were related to DM 
and PAD. Patients <29 and >90 y. were excluded, resulting 4,818 amputees for patients aged 
30-89 y. DM accounted for 45.9% and PAD 54%. Mean age was 64.9 SD 10.3 y. (Median 65 
y.) for DM and 66.4 SD 11.9 y. (Median 66 y.) for PAD. p<0.001. The male / female ratio was 
1.12 for DM and 1.61 for PAD. p<0.001. DM related first amputation level was: Above Knee 
(AK) 66.1% Below Knee (BK) 28.2% Foot 5.6% and Hip 0.04% and for PAD, AK76.2% 
BK 20% Foot 3.7% and Hip 0.03%. There were no statistical difference on limb side. Bilateral 
first procedure were reported as 2% for DM and 3.7% for PAD. Reamputation-relatcd do DM 
was 1.61% and 1.5% for PAD. In the population aged 55-74 y., the estimated incidence rates 
for LEAs were: DM 11.8/100,000/y„ (CI95% 11.7-11.8); or 78.6/100,000 diabetics/y. (Cl 78.1 - 
79.0); PAD 13.3/100,000/y (Cl 13.3-13.4); or 78.4/100,000 PAD patients/y., (CI78.2-78.6); 
PAD with DM 334J/l00,000 PAD with DM patients/y., (CI335.2-333.5). The estimated 
incidence of LEAs related to DM in individuals aged 30-54 y., was of 20.1/100,000 
diabetics/y., (Cl 19.8-20.3). 

Conclusions: Amputation level AK/BK either for DM and PAD, was extremely high as the 
first surgical procedure. Incidence of LEAs increased with age in DM and PAD patients, being 
25 folds higher than in the general population when PAD was associated with DM. These 
results stressed the requirement of appropriate health care to DM and PAD. 
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CHARACTERISTICS AND LONG-TERM FOOT SEQUELAE OF PATIENTS 
WITH A DIABETIC FOOT ULCER 

EJG Peters, LB Harkless and LA Lavery. Dept Podiatry, University of Texas Health 
Science Center at San Antonio, San Antonio, TX, USA 

Background and aims: Although literature is scarce on risk profile and 
complications of patients with diabetic foot ulcers, these patients are considered to be 
at high risk for subsequent ulceration and amputation. The aim of this study is to 
evaluate the characteristics and risk profile of further diabetic foot complications of 
people with a diabetic foot ulcer. 

Materials and methods: The study is set up as a 29-month prospective case-control 
study of 81 cases with an ulcer at enrollment and 152 controls without ulcer. 20 
Possible local and systemic risk factors were analyzed and sequelae of ulcers were 
documented. In case an ulcer occurred standard wound care protocols were used that 
included offloading of ulcers, wound debridement and infection control. 

Results: Plantar toe ulcers were most likely to heal during the follow-up period 
(81%). Dorsal toe ulcers were most likely to end in an amputation (27.6%), while 
patients with a submetatarsal ulcer were most likely to get an amputation that was not 
a direct result of the index ulcer (31.6%). Ulceration in the follow-up period occurred 
in 60.5%, of cases and in 10.5% controls (p<0.001, odds ratio 13.0 (95% confidence 
interval 6.6-25.6)). Amputations occurred in 33.3% and 1.3% of the cases and 
controls, respectively (p<0.001, OR 37.0 (8.6-166.7)). Patients with plantar toe ulcers 
seemed to develop significantly more ulcers in the follow-up period (17/21 compared 
to 32/49, p — 0.037). Reulceration of a plantar toe ulcer w as quite common (52.9%), 
especially compared to a reulceration of a dorsal toe ulcer (7.7%). Logistic regression 
analysis suggested that of the documented risk factors, only presence of an index 
ulceration and alcohol abuse are predictive for the development of foot ulcers. 
Conclusions: Patients with a diabetic foot ulcer have more comorbidity and a much 
higher chance of getting another ulceration or an amputation. Ulcers at different 
locations have different outcome patterns. Presence of a foot ulcer and alcohol abuse 
are important indicators for future ulcers. 
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Relaps of diabetic foot lesions in a rural outpatient clinic 

P. Busch, P. Schnulle, H.-P. Hammes, F.J. van der VVoude. Vth Medical Clinic, 
University Clinic Mannheim, Germany 

Background and aims: 

The aim of the study was to describe localisation of relapsing lesions and to 
investigate predictive factors for recurrence in a group of patients with diabetes 
mellitus type 1 and 2 at high risk for amputations. 

Materials and methods: 

58 patients (46% women, 53.5% men, mean age 64 years (range 33 to 87 years old), 
mean duration of diabetes 19.5 years, type 1 6.9%, type 2 89.7%, non 1/non 2 3.5%, 
HbAlc 7.6%) with advanced vascular disease were included. These patients had 
developed ulcers of different Wagner grade (1: 46.5%, 2: 27.6%, 3: 24.1%, 4: 1.7%) 
which were treated by a structured program of a specialised Diabetes Foot Centre. 
After healing of the primary ulcer, all patients received adequate footwear and had 
regular footcare. During a mean observation period of 12 months, all patients were 
screened for recurrence lesions and their localisation. Patients with relapses (n = 41, 
70.7%) and without relapse (n — 17, 29.3%) were investigated retrospectively for 
variables predicting recurrence using a multivariate logistic regression analysis. 
Results: 

Localisation of the relapses were as follows: toes 58.9%, plantar 24.8%, heel 8.6%, 
dorsum or edge of the foot or area of amputation 7.8%. Multivariate analysis revealed 
peripheral arterial desease as a significant risk factor for relapses (OR 6.9, 95% Cl: 
1.3 - 37.6, P < 0.025). Age, duration of diabetes, glycaemic control, hemodialysis and 
lasertherapy were not predictive. 

Conclusions: 

1. ) Besides a variety of localisations, toes should be of special emphasis when 
examining high risk diabetic feet. 

2. ) Results provide empirical evidence for peripheral arterial desease beeing a risk 
factor for relapses of foot lesions in diabetic patients with high risk for amputations. 
Further studies are necessary to establish, w hether early intervention of the peripheral 
artery desease diminishes the risk for recurrence. 
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DIABETIC FOOT: HOW DO WE TREAT THEM? EXPERIENCE OF A 
DIABETIC FOOT CLLNIC 

C. Horta, J.Vilaverde, P.Mendes, L Gonsalves, L. Sena, R_Almeida, P. Sa Pinto, R. 
Carvalho, J. Dores, MB.Serra, Multidisciplinary Diabetic Foot Clinic of Hospital St 
Antonio, Departments of Endocrinology, Orthopedics and Vascular Surgery, Oporto, 
Portugal 

Background and Aims: Several studies have proven that amputation rate can be reduced 
by more than 50% if strategies like prevention, early dia g nosis and multidisciplinary 
approach were implemented. The distinction between neuropathic and ischaemic foot 
allowed us to reduce drastically the major amputations between 1985 and 1987, when our 
Diabetic Foot Clinic began its activity. Since then and until 1995 there were no further 
reductions and the rate of major amputations had stabilized around 8,2%. The aim of our 
study was to analyse if there vvas any change between 1998 and 2000. 

Materials and Methods: A retrospective study was performed reviewing the clinical files 
of 843 new patients (327 first arrived in 1998,260 in 1999 and 256 in 2000). 

Results: Among these patients, 593 had a foot ulcer with or without infection. There were 
359 patients (60,5%) with neuropathic ulcer and 234 (39,5%) with ischaemic ulcer. 
Characteristics of neuropathic foot patients: 51,2% males, 88,7% type 2 Diabetes; overall 
mean duration of Diabetes 13,4+/-9,6 years. Characteristics of ischaemic foot patients: 
49,2% males, 96,6% type 2 Diabetes, overall mean duration of Diabetes 16,6+/-9,8 years. 
Patients with neuropathic or ischaemic foot, presented us with a superficial ulcer or 
infection (68,9% vs 63,8%), deep infection involving tendon, muscle or bone (14,3% vs 
10,3%), interdigital ulceration spreeding into the plantar surface (2,2% vs 2,1%), ulcer of 
the leg (4,5% vs 1,7%) or necrosis (10% vs 22,1%). In patients with neuropathic ulcer, we 
performed minor amputation in 11,6% (n=42) and major amputation in 2,5% (n=8). 
Twenty two patients (9,4%) with ischaemic foot were treated with minor amputation and 
23 (9,4%) with major amputatioa Overall, 31 of the 593 patients (5,2%) with ulcer or 
infection were treated with major amputatioa There were no significant differences in the 
rate of major amputations between 1998 (5,7%), 1999 (4,6%) and 2000 (5%). However we 
found statistical significance between the major amputations outcome and the two types of 
foot (pKO.OOl). Necrosis showed to carry a poor prognosis (30,7% ischaemic vs 8,3% 
neurophatic, p=0,024). There was no further statistical significance for age, sex, type and 
duration of Diabetes as risk factors for major amputation. 

Conclusions: This retrospective study has showed a stable number of major amputations 
in an acceptable range. Poor prognosis was related to necrosis and ischaemic foot Further 
improvement requires harder investement in prevention at the primary health care. 
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NEUROISCIIEMIC FOOT ULCERS HAVE A 4 -FOLD LNCREASED 
HEALING TIME COMPARE TO NEUROPATIC FOOT ULCERS IN 
DIABETES. 

P Hemmingsson, K Brismar. Dept of Endocrinology & Diabetology, 
Karolinska hospital, Stockholm, Sweden 

Background and Aims: 95% of patients referred to the foot clinic at the 
Karolinska Hospital have peripheral neuropathy while 60% have 
neuroischemic foot ulcers. The aim of this study vvas to investigate healing 
time in neuroischemic compared to neuropathic foot ulcers. 

Material and Methods: A retrospective study of 68 out of 141 patients 
referred to the foot clinic in 1999 due to chronic foot ulcers and who healed 
their foot ulcers. They w ere studied regarding sex, age, type of diabetes, kind 
of ulcers and healing time. The treatment of the chronic foot ulcer included 
improved metabolic control with insulin treatment, infection control, non- 
weight bearing treatment, improvement of microcirculation with low' 
molecular heparin and/or treatment of peripheral oedema. None of the 
patient needed vascular surgery. 

Results: 68 patients healed their foot ulcers during 1999 with a medium 
healing time of 27 weeks. 18 had type 1 diabetes of whom 67% had 
neuroischemic ulcers and 50 had type 2 diabetes of whom 52% had 
neuroischemic ulcers. The median age for the type 1 diabetic patients were 
65 years compared to 75 years for type 2 diabetic patients. All patients had 
peripheral neuropathy while 56% had macroangiopathy with neuroischemic 
ulcers. The medium healing time for neuroischemic ulcers were 51 weeks 
compared to 13 weeks for those with neuropathy. 

Conclusions: Neuroischemic foot ulcers in diabetic patients can heal but 
with severely prolonged healing time compared to neuropatic ulcers. Thus 
clinical trials with local treatment of the foot ulcer may take in consideration 
the expected healing time of the chronic wounds in relation to their 
characteristics. 
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Risk of Pressure Damage to Diabetic Feet when Wearing New Footw ear. 

P. Hlavacek, M. Cemekova and M. Novotna, Tomas Bata University, Faculty of 
technology, Zlin, Czech Republic 

Background and Aims: For the diabetic foot is typically reduces moisture in the skin 
and the body temperature of the foot. So-called "cold, dry foot" significantly 
contributes to the occurrence of complications related to w earing newly purchased 
footwear. The speed and degree of deformation of the leather from which the 
footwear uppers are constructed, are influenced most effectively by temperature and 
moisture. The purpose of this experiment was to determine whether there are 
significant differences in the speed of dimensional changes of footwear uppers at a 
group of diabetics and at a group of healthy subjects. 

Materials and Methods: Special serially produced prophylactic footwear for 
diabetics was used. The first group was comprised of 12 type II diabetics with 
diagnoses of neuropathic feet, average age 63.2 years (53 to 68). The second consisted 
of 12 non-diabetics, average age 45.5 years (38 to 65). An internal cast was completed 
for the footwear, which was measured after removal from the shoe. After 
approximately 15 to 20 hours of wear, the subjects returned the shoes to conduct 
another cast. 

Results: For the group of healthy subjects, the internal circumference of the footwear 
increased at the metatarsalphalangeal joint after approximately 70-80 hours of w ear. 
On average, the internal circumference in this group increased by 7-8 mm, which is 
2.5% of the total internal circumference. In the calculation of currently used footw ear 
width grades, this equals 1 to 2 widths. For the group of diabetics permanent 
dimensional change in footw-ear uppers occurred after 140-160 hours of wear, which 
means that diabetics need twice as long a period for shaping the footwear to 
individual shape than non-diabetics. The internal circumference changed by only 4-5 
mm, which is 1.5 % and that is also less than 1 footwear width. 

Conclusions: The period of wear for new footwear is much more critical for diabetics 
than for the healthy population. The period of increased local pressure of footwear on 
the foot is extended. This situation is much more serious because pressure discomfort 
is not felt very intensely by diabetics. 
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Offloading the Diabetic Foot Wound Utilizing the Scotchcast Boot 

E.A- Knowles, D.G. Armstrong, S.A. Hayat, K.L Khawaja, RA. Malik, A.J.M. 

Boulton 

University Department of Medicine, Manchester Royal Infirmary, Manchester, UK 

Background and Aims: To evaluate outcomes associated with treatment of 
diabetic foot ulcers using the Scotchcast boot 

Materials and Methods: We abstracted data from the records of 180 patients with 
diabetes, 83.3% male with a mean age of 55.3 ± 10.9 years undergoing treatment 
for non-infectcd, non-ischemic neuropathic diabetic foot wounds at a university 
teaching hospital’s tertiary care outpatient clinic. All patients were treated with the 
Scotchcast boot as the sole form of pressure relief. The average follow up for each 
patient was 85.9 ± 30.6 months (range 34.2-147.7) 

Results: The mean time to healing for all patients was 130.5 ± 106.7 days. While 
there was not a significant difference in healing time between Grade 1 and 2 
wounds (p = 0.7), superficial (Grade 1) wounds healed significantly faster than 
deep (Grade 3) wounds (111.5 ± 98.2 vs. 180.8 ± 138.8 days, p = 0.01). A total of 
80% of wounds healed during the long follow up period. Of the 20% that did not 
heal with Scotchcast boot therapy, 10 went on to more proximal amputation (5.6% 
of total population), 2 required surgical intervention to heal their w ounds (0.6% of 
total population), one patient died with an unhealed wound (0.6% of total 
population), and 23 patients (12.8% of total population) were lost to follow up. 
During the mean 7.2-year follow up period, 47 patients died (26.1% of total 
population). 

Conclusions: The results of this study detail outcomes of patients undergoing 
treatment with the Scotchcast boot. This removable modality may be useful in 
outpatient care of deeper or complex wounds that require frequent inspection, but 
treatment of superficial wounds may be better suited for a device that ensures 
compliance. 
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Validation of the S(AD)SAD system of classification of foot ulcers. 

K.A. Treece, W.J JefFcoate, N Pound. 

Department of Diabetes and Endocrinology, City Hospital, Nottingham NG5 1PB UK 

The S(AD)SAD system of classifying diabetic foot ulcers attempts to combine 
precision with simplicity. Its objective is to enable identification of groups of similar 
lesions for the purpose of prospective research. It is called the S(AD)SAD system 
because it is based on the grading of five key clinical features: Size(Area and Depth), 
Sepsis, Arteriopathy and Denervation. Each of these is graded 0-3, with 3 being the 
most severe. Although easy to apply, validation is required and the purpose of this 
study was to seek associations between classification at first referral and outcome. 

495 new ulcers were registered between 1/1/2000 and 31/3/2001 and of these 280 had 
true outcomes during this time (healed n= 228, amputated n=25, death n=27). 
Correlations were found between outcome and the five key features of baseline 
classification (Area p<0.001, Depth p<0.001, Sepsis p=0.05, Arteriopathy p<0.001 
and Denervation p<0.05, Spearman rho). There was also correlation between 
outcome and total S(AD)SAD score (p<0.001). 

There were 389 new ulcers classified between 1/1/2000 and 31/12/2000 and similar 
correlations were sought between baseline classification and outcome at three months, 
(healed n=129, unhealed n=231, amputated n=19, death n=10). Correlations were 
observed between outcome type and Area (p<0.001). Depth (p<0.001), Arteriopathy 
(p<0.001) and Total S(AD) SAD score (p<0.001), but not with either denervation or 
sepsis. It has been demonstrated that the healed group of ulcers are significantly 
different from the other ulcers in this population, U=160 p<0.001. It has also been 
verified using Kappa that no two variables are measuring the same aspect of the ulcer 

(p<0.001). 

These and further analyses have established a close association between classification 
and outcome, suggesting that such a system can be used to identify separate groups of 
ulcers with roughly similar prognosis. This will enable a basis for randomised 
controlled evaluation of different interventions. 
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Long time antibiotic treatment for osteomyelitis complicating ulcers of the 
forefoot in diabetic patients with peripheral neuropathy. 

L. Giurato, E. D’Ambrogi, L. Lardieri, S. De Simon, V. Laiini, L.Uccioli. “Tor 
Vergata” University, Rome, Italy. 

Background:There is continuing controversy over the managment of osteomyelitis 
in diabetic patients with foot ulcers. 

Aim: To verity whether conservative treatment with long lasting antibiotic therapy 
alone or associated to bone resection in the patients with exposed bone is useful to 
achieve healing of the ulcer and to verity whether difference can be recorded in 
respect to the healing rate and time to healing achieved with the antibiotic treatment 
associated or not to surgical approach. 

Methods: We reviewed the autcome of 35 patients that in the last two years were 
followed in our foot clinic for neuropathic ulcers of the forefoot complicated by 
osteomyelitis. 

Between them 20 (mean age 65±12) (group A) underwent to the resection of the 
exposed bone, in the reimainig 15 (mean age 59.1±8.7) (group B) no surgical 
approach was addressed to remove the osteomyelitic bone. Both groups were treated 
with a long term antibiotic therapy mainly clindamycin and/or ciprofloxacin till the 
healing of the ulcer. Mean duration of diabetes was 21±U years for group A and 
16.6±7.4 years for group B. 

Results: Healing was achieved in 12/15 (80%) of the patients of group B and 19/20 
(94.8%) of the patients of group A. The time of healing was 3.92±3.1 months in 
group A and 3.3±3.2 months in the healed patients of group B. Patients of both 
groups with non-healed ulcer had a shorter follow-up (2.6±1.2) months. 

Conclusion: no differences between the groups were recorded in time of healing 
rate and time to healing. In the managment of osteomyelitis complicating forefoot 
neuropathic ulcers the surgical removal of the infected bone does not reduce the time 
of healing. A conservative managment with long lasting antibiotic teraphy may be a 
good option to treat osteomyelitis of the forefoot 
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AN ASSOCIATION OF ELASTTN IgA ANTIBODIES WITH THE 
DEVELOPMENT OF RETINOPATHY IN DIABETIC CHILDREN 

G.NicoIoff, S.Baydanoff, N.Stanimirova, Ch.Petrova and P.Cristova, 
Department of Biology & Immunology, University School of Medicine, 
5800 Pleven, Bulgaria 

Background and Aims: One important factor in the development of 
vascular wall alterations is degradation of the elastic fiber major protein - 
elastin. Elastin peptides derived from this degradation are present in the 
circulating blood and they are a stimulus for pathological increased 
production of elastin antibodies. The aim of the present study was to 
examine the possible association between serum elastin antibodies and the 
development of diabetic microvascular complications. Materials and 
Methods: Levels of elastin antibodies (IgG, IgM and IgA) were determined 
by ELISA in sera of 28 children with Type 1 (insulin-dependent) diabetes 
mellitus (mean age 11.6+2.8 years, diabetes duration - 5.1+2.5 years). 
None of the children had clinical or laboratory evidence of vascular 
complications. The children were followed over a period of 6 years, and 24 
healthy children of similar age and sex served as a control group. Results: 
During the study, 3 diabetics developed retinopathy, 6 microalbuminuria and 
2 both retinopathy and microalbuminuria. The elastin IgG antibodies showed 
correlation with diabetes duration (r=0.48, p=0.0007), HbAlc (r=0.28, 
p=0.05), triglycerides (r=0.28, p=0.05) and antibodies to advanced glycation 
endproducts (AGE) (r=0.41, p=0.005). Elastin IgM antibodies correlated 
with HbAlc (r=0.26, p=0.038) and IgA with retinopathy (r=0.32, p=0.017). 
Conclusions: Our results suggest an association between the level of elastin 
IgA antibodies and the development of diabetic retinopathy. 


1093 

PATHOGENESIS OF RETINOPATHY IN YOUNG DIABETIC PATIENTS IN 
BANGLADESH 

N.S. Chowdhury’.S.S. Subhan 1 , A. Saved 2 , K. Begum 3 , AH.S. Rahman 2 and A L 
Ali 1 ; Dept Cell and Molecular Biology , Dept of Ophthalmology 2 , BIRDEM, Dhaka- 
1000, 3 Dept of Biochemistry, NDN, Dhaka-1205, Bangladesh 

Background and Aims: The relative roles of duration of diabetes, glycemic status 
and insulinemic status in the pathogenesis of diabetic retinopathy still remain 
controversial. This issue was investigated by taking advantage of the availability of a 
group of lean, young, normotensive, hypo- to normoinsulinemic, generally 
normolipidemic and insulin treated subjects in a Bangladeshi population. 

Materials and Methods: Ninety-one young diabetic subjects (diabetes diagnosed 
under 30 years of age) were studied for endogenous insulin status by serum C-peptide 
(ELISA), microvascular damage by albumin-creatinine ratio or ACR (albumin by 
immunotubidimetry) and retinopathy (by both fundoscopy and slit lamp bio- 
microscopy and graded by fundus photography). Subjects were grouped as: Group A 
(newly diagnosed, n=22, age in years at diagnosis 25.2+2.8, M±SD), Group B 
(duration 1-4 years, n=25, 20.4+4.1), Group C (4.1-8 years, n=24, 17.8+5.1) and 
Group D (>8 years, n=20, 17.7+4.2). 

Results: All groups were found to be BMI-matched and normotensive. Group D had 
highest prevalence (60%) of retinopathy. Among the ACR+ subjects 95.25% had 
retinopathy. Percentage of retinopathy increased with the duration of diabetes (4.55% 
at diagnosis vs 60% at around 8 years). DR +ve group did not differ in their glycemic 
status with DR -ve group as evidenced by blood glucose and HbAlC. Both ACR +ve 
and DR +ve groups had reduced insulin secretory capacity. 

Conclusions: The data suggest the following: a) Duration of diabetes plays a central 
role in the development of diabetic retinopathy; b) a sudden increase in the prevalence 
of generalized vasculopathy and diabetic retinopathy seem to occur at around 8 years; 
c) almost all subjects with generalized microvascular damage seem to suffer from 
diabetic retinopathy; d) the insulinemic status, in comparison to glycemic status, 
seems to be predominant in determining the development of diabetic retinopathy. 
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Microvascular complications in Bangladeshi Type-2 Diabetic Individuals: 
BIRDEM Diabetes Care and Complication Study (DCCS). 

H. Mahtab, MG Kibriya, FU Mahtab, Z Ikram, MA Sayeed, S Rahman and AK Azad 
Khan. BIRDEM, Diabetic Association of Bangladesh, Dhaka, Bangladesh. 

Background and Aims: In South-East Asia, only a few small studies have been done 
to evaluate the long term complications of type-2 diabetes (DM)- Diabetes Care and 
Complication Study (DCCS) is an ongoing study, designed to evaluate the diabetes 
care delivery and long-term complications of type-2 diabetes in Bangladeshi subjects. 
Materials and Methods: Total 1674 type-2 diabetic patients (M=791, F=883) of 
mean (±SD) age 51.5 ±10.39 yr. were randomly selected from the out-patient 
department of the BIRDEM Institute of the Diabetic Association of Bangladesh. 
Clinical examination, glycaemic & lipid status, funduscopy, fundal photography, 
urinary albumin to creatinine ratio, renal function, monofilament test and ECG were 
done for all patients. Mean (SD) duration of DM was 7.0 ±5.27 yr. 

Results: Prevalence of hypertension (HTN) was 51.0% and that of obesity (BMI>25) 
37.2%. Only 35% had HbAlc =<7%. Dyslipidaemia was found in 71.7% subjects: 
32.1% had isolated hypertriglycerideaemia (>150 mg%), 9.9% isolated 

hypercholesterolaemia (>200mg%) & 19.8% had combined hyper-triglycerideaemia 
& hypercholesterolaemia. Prevalence of diabetic retinopathy, nephropathy & 
neuropathy were 28.3%, 22.0% & 17.6% respectively. All these three microvascular 
complications were significantly related to longer duration of diabetes (p<0.001 for 
all), poor glycaemic control (p<0.02, for all) & higher blood pressure (0.014 for all). 
Retinopathy was more frequent among the poor socioeconomic class (p=0.001) and 
those with BMI<25 (p=0.014). Logistic regression suggested that reduction of HbAlc 
by 1% might be associated with 31% risk reduction for retinopathy, 19% for 
nephropathy. Similarly, reduction of systolic BP by 10 mm of Hg may be associated 
with 19% risk reduction for retinopathy, 20% for nephropathy and 11% for 
neuropathy. 

Conclusions: Our study revealed that among type-2 diabetic subjects every 2nd 
patient has hypertension, every 3rd has BMI>25. More than every 4th patient has 
retinopathy, every 5th has nephropathy and every 6th has neuropathy, all of which are 
significantly related to poor control of glycaemia and blood pressure. 


DECLINING INCIDENCE OF SEYTRE RETINOPATHY IN A POPULATION 
OF TYPE 1 DIABETES 

M.N. Nordwall#, Mats Bojestiga, Hans Amqvista and Johnny Ludvigsson# ,Div of 
Internal Medicine^ and Paediatrics# .University Hospital, Linkeping, Sweden, 
Background and Aims: In a population of Type 1 diabetes the cumulative incidence 
of nephropathy after 30 years of diabetes duration has decreased substantially from 
32% to 12% during the past decades. We wanted to investigate if there is also a 
decrease of severe retinopathy. Materials and Methods: An historical prospective 
population-based long-term follow-up study. We studied all 270 patients in a district 
of south-east Sweden in whom diabetes was diagnosed before the age of 15 years 
between 1961-1985. 92% w ere follow ed until 1996-2000 or to the time of death. The 
rest were followed until their most recent clinic visit. Retinopathy was defined as laser 
treated proliferative retinopathy. Survival analysis was used. The patients were 
divided in five groups according to the year of diagnosi s. 

Results: The cumulative incidence of severe retinopathy after 25 years of duration has 
decreased from 44% to 25%, 21% resp. 2% for the different onset cohorts. 



Duration of diabetes (jrears) 

Conclusions: During the past decades the cumulative incidence of severe retinopathy 
among patients who have had diabetes for 25 years has decreased substantially. 
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Predictive factors of retinopathy in normotensive, normoalbuminuric type 1 
diabetic patients 

L. Duvnjak, S. Vuikovic;, N. Car and Z. Metelko, University Clinic for Diabetes, 
Endocrinology and Metabolic Diseases "Vuk Vrhovac", Dugi dol 4a, Zagreb, Croatia. 
Background and Aims: To investigate factors related to the development of 
retinopathy in normoalbuminuric and normotensive type 1 diabetic patients. 

Materials and Methods: A total of 110 normoalbuminuric and normotensive type 1 
diabetic patients were included and divided into two groups based on the presence of 
retinopathy. Twenty four-h blood pressure measurement with readings at 20-min 
intervals (AMBP) and a combination of autonomic tests based on standard, vector and 
spectral analysis of heart rate variation (Pro Sci Card System) were performed. Tests 
of heart rate variation (HRV) included the coefficient of variation (CV) and the low- 
frequency (LF), midfrequency (MF) and high-frequency (HF) bands of spectral 
analysis at rest, HRV during deep breathing (CV, mean circular resultant), Valsalva 
ratio and maximum/minimum 30:15 ratio. Autonomic neuropathy was characterized 
as an abnormality of more than one test. Fundus was graded by an experienced 
ophthalmologist. Urinary albumin excretion (UAE) was determined by an 
immunoturbidimetric assay and expressed as a geometric mean of three overnight 
collections. Glycosylated HbAlc was determined by immunoturbidimetry. 

Results: Background or proliferative retinopathy was found in 40 patients (group 1), 
in the remaining 70 there were no signs of retinopathy (group 2). Duration of diabetes 
was significantly higher in the group with retinopathy (5.29±4.9; 9.5±5.5 
respectively) (p< 0.05). Patients were similar regarding UAE levels, HbAlc, age, sex 
and physical activity. Patients with retinopathy showed significantly higher maximal 
night systolic and mean night diastolic blood pressure (118.95±+ll; 62.95+±8.14) 
(p=0.04) compared to patients without retinopathy (I14.86±8.91; 59.65±7.17) 
(p=0.03). Autonomic neuropathy was present in 22 (55%) patients with and 
11(15.7%) patients without retinopathy. Maximal night systolic BP was inversely 
related to CV deep breathing (r= -0.20, p- 0.034). Mean night diastolic BP was 
inversely related to MF (r= -0.21, p=0.032), HF (r=-0.25, p=0.011), CV deep 
breathing (r=-0.26, p=0.009) and mean circular resultant deep breathing (r=-0.21, 
p-0.03). In multiple regression analysis retinopathy was associated with the duration 
of diabetes (0=0.596) and autonomic neuropathy (0=0.208) (p<0.001). 

Conclusions: Duration of diabetes and autonomic neuropathy are predictive factors of 
retinopathy in normotensive and normoalbuminuric type 1 diabetic patients. 
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RETINOPATHY IS ASSOCIATED WITH HIGHER SERUM FREE 
TESTOSTERONE IN WOMEN WITH TYPE 2 DIABETES MELUTUS 
C.Phenekos,A.Ginis,M.Goula,C.Lambropoulos and C.Tzioras.Department of 
Endocrinology and Diabetes Center,Red Cross Hospital,Athens,Greece. 
Background and alms:Adrenal and gonadal androgens may affect the 
incidence of macrovascular disease in both men and women.ln women 
increased free testosterone (FT) may be accompanied by increased insulin 
and glucose concentrations.insulin resistance and dyslipidaemia. 
Abnormalities of testosterone concentration have also been reported In 
diabetic patients,in women testosterone levels being higher whereas in men 
lowerWe evaluated the gonadal profile of 74 patients with DM2 (38 men and 
36 women) in association with the occurence of retinopathy. 

Materials and methods:The mean age of the patients was 63.2±10.1 years. 
(mean±SEM).54 were treated with hypoglycaemic agents and 20 with insulin 
Ail women were postmenopausaLThere was no difference between men and 
women in HbAlc levels,body mass Index (BMi),duration of the disease and 
age.Variables not normally distributed were subjected to logarithmic 
transformation for the purpose of the statistical analysis (Mann-Whitney U 
test).Va!ues are expressed as Mean ±SEM. 

Results:When data were analyzed from the whole group it was found that 
patients with retinopathy of any severity presented with longer duration of 
the disease (17.06±1.52 versus 9.41±1.24 years,p<0.001) and higher 
systolic blood pressure (149±4.27 versus 140.25E2.40 mmHg,p<0.05).ln 
both men and women there was no difference In age,BMI,HbAlc,plasma 
fibrinogen,estradiol,growth hormone,IgF-l,insulin,C-peptide,thyroid 
horrnones.sex hormone binding globulin,A4-androstenedione,dehydro- 
epiandrosterone sulphate and lipids between patients with retinopathy and 
those withoutln men there was no association between adrenal androgens, 
sex hormones and retinopathy.On the contrary women with retinopathy had 
higher free testosterone levels (1,26±0.23 versus 0.79±0.14 pg/m!,p=0.027). 
Conclusions:!! is concluded that in DM2 the occurrence of retinopathy is 
positively associated with the duration of the disease and systolic blood 
pressure.Furthermore women with retinopathy present with higher free 
testosterone levels,possibly suggesting a higher degree of insulin resistance. 
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Age at diabetes onset: Is it one of the determinants for diabetic retinopathy in 
type 2 diabetes? 

S. Karadeniz and M.T. Yilmaz. Diabetes Res. and Appl. Unit, Inst, for Exp. Med and 
Div. of Diabetes, Istanbul Medical Faculty, Istanbul University, Istanbul, Turkey. 

Background and Aims: To investigate whether the prevalence and severity of 
diabetic retinopathy (DR) differs among type 2 diabetic patients regarding to their age 
at diabetes onset. 

Materials and Methods: This study includes type 2 diabetic patients (n:308, mean 
chr. age 46.9yrs) with duration of diabetes ll-15yrs (mean 13.2yrs). Patients with 
glaucoma, uveitis, or patients who had intraocular surgery (except vitrectomy for DR) 
were not included. Only the findings in the first fundus examination in our Clinic 
were evaluated. Diabetic retinopathy was classified as no DR, nonproliferative DR 
(NPDR), preproliferative DR (PPDR), proliferative DR (PDR). Patients presenting 
with panretinal photocoagulation scars and no proliferative changes or with no 
previous fundus photo or angiography were considered as panretinal photocoagulation 
group. Patients were grouped regarding their age at diabetes onset as 30-39yrs, 40- 
49yrs, 50-59yrs and 60-69yrs. 

Results: The prevalence of DR in patients with duration of diabetes 11-15>rs was 
59.4%. Regarding the stages of DR, NPDR was present in 41.2% of the patients, 
PPDR in 7.5%, PDR in 5.5% and panretinal photocoagulation in 5.2%. Regarding the 
age at diabetes onset the prevalence of DR was 56.5% between 30-39 yrs, 68.6% 
between 40-49yrs, 51.9% between 50-59yrs and 52.9% between 60-69 yrs. The 
prevalence of DR w as higher in patients with onset of diabetes at 30-49>ts compared 
to 50-69yr$ (64.5% and 52.0%, respectively) (p=0 04). 

Conclusions: Our findings show that the prevalence of diabetic retinopathy decreases 
in patients with age of diabetes onset at 50yrs or older. As in the lower frequency of 
diabetic retinopathy in patients with extensive chorioretinal atrophy, this may be 
explained by the hypoperfusion of retina presumably due to the arteriosclerotic 
changes in older ages. 
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IS DECREASED INSULIN SENSITIVITY A SPECIFIC PREDICTOR OF 
PROLIFERATIVE RETINOPATHY IN TYPE 2 DIABETES? 

A. Parvanova 1 , I. Iliev 1 , P. Ruggenenti 1 , B. D. Dimitrov 1 ’ 2 , R. Trevisan’, M. 
Filipponi 4 , S. Zenoni 4 , A. Fassil, F. Arnoldi 1 , M. Vedovato 5 , A. Tiengo 5 , A. Pema* 
and G. Remuzzi 1 , 6 ^iario Negri Institute for Pharmacological Research, Ranica (BG), 
Italy; department of Social Medicine, Higher Medical Institute, Plovdiv, Bulgaria; 
Units of 3 Diabetology, 4 Ophtalmology and Nephrology, Ospedali Riuniti, Bergamo, 
Italy; 5 Unit for Metabolic Diseases, Policlinico Universitario, Padova, Italy 
Background and Aims: Diabetic retinopathy (DR) is a frequent cause of visual 
impairment in type 2 diabetes. In this cross-sectional study we explored the 
relationship between DR, insulin sensitivity (IS) and other putative risk 
factors/markers of DR (age, BMI, diabetes duration [DUR], BP, GFR, AER, 
cholesterol, triglycerides and HbAlc,) in 124 normotensive or treated hypertensive 
type 2 diabetics with different levels of AER. 

Materials and Methods: IS was measured by hyperinsulinemic euglycemic clamp 
(insulin 80 mU/sq.m./min) and GFR by iohexol plasma clearance. DR was assessed 
by fundoscopy and classified into 3 groups (no retinopathy [DRno, n=61], 
background [DRb, n=35] and proliferative retinopathy [DRp, n=28]. Methods of 
descriptive statistics and regression analysis were used. DUR, AER (meg/min), 
HbAlc(%), HDL and triglycerides were log-transformed (In). 

Results: DRp and DRb differed from DRno for DUR, HbAlc, and AER; DRp 
differed from DRb and DRno for IS. IS was similar in DRb and DRno. There were 
significant associations between DR and AER (chi-square 10.64, p=0.03) as well as 
between DR and IS (M-value, mg/kc/min; chi-square 11.84, p=0.003). The best 
model to predict DR by logistic stepwise backward regression (without covariates) 
included age, InDUR, InllbAlc, InAER (accuracy of 65.32%, p<0.05). However, 
when the stepwise forward method discriminated DRp and DRb (but not DRb and 
DRno), the regression was saturated by M-value alone. The best inverse relationship 
to IS was with accuracy of 60.32% (score b = -0.317, p = 0.016). 

Conclusions: Background and proliferative retinopathies of type 2 diabetes are 
associated with ageing, diabetes duration/control and albuminuria. Decreased insulin 
sensitivity is a specific marker of proliferative diabetic retinopathy. 
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The Role of Combination Therapy in Type 2 Hypertensive Patients with 
Proliferative Retinopathy 

M. Ramazashvili*, R. Kurashvili, Ph. Khidisheli,* L. Tsutskiridze, E. Shelestova. 
Georgian Diabetes Center, *CARAPS Medline, Tbilisi, Georgia 

Background and Aims: It is well-documented that 50% of Type 2 diabetic patients 
have arterial hypertension. Presence of hypertension drastically increases the 
haemoftalm frequency in patients with proliferative diabetic retinopathy (PDR), 
whereas it is less possible to perform laserocoagulation in these subjects. 

Materials and Methods: Two groups of hypertensive patients with PDR were 
studied. 

Results: In Gr. 1 patients (n-20) conventional symptomatic antihypertensive therapy 
with b-blockers/Bisoprolol (Merck) or ACE-inhibitors/Perindopril (Servier) was 
used. Gr. 2 patients (n-20) were treated with Bisoprolol (5mg/once daily) and 
Perindopril (4 mg/once daily) for 6 months. At entry mean fasting blood glucose 
(FBG) and HbAlc levels in both groups were: FBG~130±15mg%; HbAlc— 
12.2±2.5%; SBP— 150±50 mmHg, DBP—SK)±20 mmHg; total cholesterol—9.2±4.5 
mmol/1, LDL—5.2±2.5 mmol/1, BMI>28. Glycemia control w’as achieved with 
Gliclazide(Servier), Glimepiride (Aventis Pharma) and Metformin (Berlin-chemie, 
Menarini Group), in ten case insulin (Actrapid, Insulatard, Novo Nordisk) was also 
used. In Gr. 1 good blood pressure control was not achieved. Fasting plasma glucose 
and HbAlc levels at six month were 105±10 mg% and 7.2±1.1%, respectively 
Results: As a result of combination therapy with Bisoprolol (5mg) and Perindopril 
(4mg) blood pressure decreased to SBP—120±10 mmHg, DBP—70±10 mmHg. 
Frequency of haemoftalm development in Gr. 2 patients decreased by 36%, while 
possibility to successfully perform laserocoagulation increased by 42%, emptying of 
neovascular complexes after laserocoagulation was observed. 

Conclusions: Combination therapy of arterial hypertension in well-controlled Type 2 
diabetic patients with PDR decreases the rate of sever visual complication 
development in these patients. 


Automatic assessment and grading of the quality of digital retinal Images for 
application in a telematic system supporting screening for the diabetic retinopathy 

P. Ladyzynski, J. M. Wojcicki and K. Chihara. Nara Inst of Advanced Science and 
Technology, Nara, Japan; Inst of Biocybemetics & Biomedical Eng. PAS, Warsaw, 
Poland. 

Background and Aims: A web-based telematic system for distant telediagnosis and 
teleconsultation of the diabetic retinopathy was designed and developed. In the developed 
system, a primary care physician or a diabetologist takes a patient’s retinal images with a 
digital fundus camera and uploads them together with additional anamnesis results to a 
distant database through the internet The digital retinal images are retrieved and evaluated 
by an expert ophthalmologist and then annotations of lesions and diagnosis are sent back 
to the physician. The aim of this work was to elaborate a method for automatic assessment 
and grading of the quality of digital retinal images to be applied on the physician's site of 
the developed system. 

Materials and Methods: An index describing quality of digital retinal images in terms of 
sharpness, contrast and visibility of fine structures was elaborated. The designed index 
bases on one-dimensional (1-D) averaged intensity power spectrum normalized by mean 
intensity and size of a digital retinal image. It is defined as average slope of the above 
described 1-D power spectrum over a certain frequency range adjusted by a blur- 
dependant factor. Ability of the developed index to differentiate between good and bad 
quality images was tested basing on a set of 200 color digital retinal images of diabetic as 
well as healthy subjects. The whole set of images was divided into 4 sub-sets with 
different perceived quality (bad, fair, good, excellent) as judged by the authors and values 
of the designed index in each sub-set were studied 

Results: The average quality index for the whole set of 200 images equals to 5.0 +/- 0.7 
(Mean +/- SD). The following results were obtained in the 4 sub-groups with different 
perceived quality: 4.20 +/- 0.3 (bad quality), 4.60 +/- 0.3 (fair quality), 5.10 +/- 0.5 (good 
quality) and 5.70 +/- 0.5 (excellent quality). ANOVA confirmed high statistical 
significance of the obtained differences (p < le-4-4). Differences between all pairs of 
consecutive sub-groups (i.e. bad vs. fair, fair vs. good and good vs. excellent) were also 
statistically significant (t-test, p < le-7). 

Conclusions: The developed index seems to be able to properly differentiate quality of 
digital retinal images. It can be applied in the developed telematic system as a supportive 
tool, ensuring acceptable quality of the digital retinal images taken by primary care 
physicians and diabetologists. 
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HIGH RESOLUTION DIGITAL RETINAL CAMERA: DOES USE OF 
TWO IMAGES PER EYE INCREASE SCREENING TIME? 

L Lovelock, D.Young, M. Shotton And R. Taylor. Newcastle 
Diabetes Centre, Newcastle upon Tyne, U.K. 

Background and aims: The U.K. National Screening Committee 
recommends 2 overlapping digital views of each retina in screening 
for diabetic retinopathy. As the Newcastle service screens 8,800 
patients per year the move from a single macula-centred Polaroid 
photograph per eye to 2 images per eye could potentially cause 
problems of throughput by a small increase in unit time to screen 
each individual. Methods: Since August 2000 a novel high resolution 
imaging system has been in use providing 1360 by 1024 pixels per 
image via a JVC progressive scan CCD camera. The original Polaroid 
system has been maintained during the change over period. The 
actual time taken for the photographic procedure was recorded for 
each system excluding the common factors of visual acuity, 
dilatation, ophthalmoscopy and patient feedback. Results: 
Photographic time per patient was 186±32 (SD) for Polaroid and 
102±34 seconds for digital imaging (p>0.0001). From the patient’s 
perspective the five-fold lower flash intensity was much lower as 
assessed by linear analogue scale (4.8±2.2vs.8.6±1.3; p<0.0001). The 
resolving power of the digital image meets the new stringent National 
Screening Committee criteria. Viewing on 15 inch monitors avoids 
the operator eye strain of examining Polaroid prints and facilitates the 
process of patient feedback. Conclusions: The new generation high 
resolution digital camera improves patient acceptability and image 
resolution. Despite the doubling of retinal photographs per patient, 
unit time for photography is markedly decreased. 


PROGRESSION OK RETINOPATHY WITH INSULIN GLARGINE OR 
NPH INSULIN - A MULTI-TRIAL ANALYSIS 

J Foijanic-Klapproth' and P D Home 2 . ’Frankfurt, Germany and ’Newcastle, UK 
Background and Aims: As part of the development programme for insulin 
glargine (Lantus), progression of retinopathy in diabetes was assessed to provide 
reassurance on safety. Materials and Methods: In four large randomized, 
multicentre, open-label studies, 2207 patients received insulin glargine (Lan) or 
NPH insulin (NPH) for 28-52 weeks. Change in retinopathy was evaluated by 
ophlhalmological examination, fundus photography, and reports of retinal adverse 
events. The findings were evaluated by a pane! of four ophthalmologists and one 


Finding 


Type 1 diabetes 

Type 2 diabetes 

3001 (%) 

3004 (%) 

3002 (%) 

3006 (%) 


Lan 

NPH 

Lan 

NPH 

Lan 

NPH 

Lan 

NPH 

Progression 

Clinical exam 

4.8 

5.7 

9.5 

7.1 

8.4 

130 

9.2 

10.7 


Photography 

5.3 

3.4 

3.2 

3.9 

5.9 

9.1 

7.5 

2.7 

New PDR 

Clinical exam 

1.9 

1.1 

1.3 

1.7 

0.7 

0 

2.7 

1.3 


Photography 

2.2 

2.6 

1.8 

3.8 

2.1 

18 

4.1 

2.2 

New ME 

Clinical exam 

3.7 

1.9 

0.9 

1.3 

1.8 

2.4 

3.1 

3.0 


Photography 

6.9 

7.9 

0.9 

1.3 

11.2 

6.5 

2.8 

2.2 

Retinal AEs 


18.0 

12.0 

9.8 

10.4 

3.1 

2.5 

22.0 

24.7 

Disc swelling 

0 

0 

0 

0 

0 

0 

0 

0 


PDR: proliferative diabetic retinopathy; ME; macular oedema; AEs: adverse events 
Conclusions: The comparison of fundus photography and ophlhalmological 
examination showed little agreement between the methods. Two observed 
differences on photography were found to be inconsistent between methods of 
assessment and between studies (ME in study 3002; p3-step progression in study 
3006). These results taken as a whole do not suggest any increased risk in the 
development or progression of diabetic retinopathy in patients treated with Lantus 
compared with NPH insulin. 
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RETINOPATHY IN MONKEYS WITH SPONTANEOUS TYPE 2 DIABETES 

Mary A. Johnson*. D. Scott McLeod, Scott SteidI*, Nora L. Bodkin#, Robert W. Flower*, 
and Barbara C. Hansen# 

Wilmer Ophthalmological Institute, Johns Hopkins Hospital, Baltimore, MD 
Department of Ophthalmology* and the Obesity and Diabetes Research Center#, U. of 
Maryland School of Medicine, Baltimore, MD 

Background and Aims. Type II diabetes occurs spontaneously in Rhesus monkeys and 
shows an extraordinary similarity to human diabetes in terms of clinical features and 
relative time course. The purpose of this study was to clinically and histopathologically 
investigate ocular vascular changes in these monkeys. Methods. Bilateral ICG and 
fluorescein angiograms, duplex Doppler ultrasounds of the carotid and retrobulbar 
circulations, ganzfeld ERGs, and ophthalmoscopic examination were performed on aged 
normal and diabetic monkeys. A multifocal ERG (mERG) was performed on the most 
severely affected of the animals. Retinas from 10 diabetic monkeys were incubated for 
ADPase activity (labels viable retinal blood vessels) and nonspecific esterase (label 
PMNs) and flat-embedded. Two micron sections were taken through areas of interest 
Results. Cotton wool spots, intraretinal hemorrhages, arteriolar narrowing, and hard lipid 
exudates in the macula were observed by ophthalmoscopy in some monkeys. ICG 
angiograms showed areas of delayed choroidal filling and'or non-perfusion in some 
monkeys. The Doppler measurements of posterior ciliary peak systolic velocity were 
significantly reduced in two monkeys. ERGs were profoundly reduced in both inner and 
outer retina in some animals. The multifocal ERG (mERG) recorded from a severely 
affected eye showed a large reduction in amplitude in the inferior retina as well as an area 
of reduction nasal to the macula, approximately corresponding to the areas of ICG filling 
abnormalities. Large nonperfused areas extending from disk to midfovea were observed in 
two monkeys. Other diabetic monkeys had smaller nonperfused areas. There were 
apparent fluid filled spaces in the outer plexiform layer in one of these maculas suggesting 
macular edema. Dotblot hemorrhages, cotton wool spots, and microaneurysms were 
documented in retinas. The greatest number of PMNs in vascularized retina were in the 
posterior pole, and specifically, in the parafoveal area. The animals with the most severe 
diabetes had the greatest number of PNINs, and a normal control monkey, who was 15 
years old, had the fewest PMNs. The most severe retinopathy was observed in diabetic 
monkeys with hypertension. 

Conclusions. Monkeys with type II have many of the angiopathic changes associated with 
human diabetic retinopathy. Severity in diabetes and retinopathy was associated with 
increased PMNs in retina. Reductions in ERG corresponding to areas with ICG filling 
abnormalities suggest poor choroidal perfusion as the source of these ERG reductions. 
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INTERCELLULAR ADHESION MOLECULE - 1 ( ICAM - 1, CD 54 ) IN 
PATIENTS WITH DIABETIC RETINOPATHY ( DR ). 

T.Kochemasova/M. Shestakova, 1 N. Smirnova 1 V.Gorelysheva, 1 T.Milenkaya, 

’E.PoIosuckina, 2 A-Baryshnikov 2 and LDedov 1 ( Russian Research Centre for 
Endocrinology 1 , N.N.Blokchin Cancer Research Centre 2 , Moscow, Russia ) 
Background and Aims : Cell adhesion molecules ( CAMs ) have been demonstrated 
to be elevated in diabetes mellitus and implicated in die course of micro- and 
macrovascular complications. One of the CAMs - ICAM — 1 ( CD 54 ) is expressed 
by different cell types. The aim of the study was to elucidate the clinical significance 
of ICAM — 1 expression on leucocytes ( lymphocytes and granulocytes ) in Type 1 
DM and DR. Materials and Methods : 83 patients ( 37 females and 4 6 females, age 
mediana 26.4 years old ) with Type 1 DM & various stages of DR were estimated on 
the ICAM - I ( CD 54 ) expression cm blood lymphocytes and granulocytes by Gow 
cytometry using FACScan ( Beet on - Dickinson ) & compared with healthy controls ( 
n — 17 ) JlesultS and Conclusions Table 1. ICAM - I(CD 54 ) Expression on Lymphocytes & 
Granulocytes in Patients With Type I Diabetes and Diabetic Retinopathy. __ 


Character! 

sties 

DR0 

DR1 

DR 2 

DR 3 

( active ) 

DR 3 

( quiescent) 

Healthy 

Controls 

N.of 

patients 

17 

12 

9 

17 

5 

17 

HbAlc 

8.0±0.2 

8.1 ±0.3 

8.3±0.3 

8.6 ±0.5 

8.5±0.4 

5.1 ±0.3 

lymphocy 
Us CD 54* 

11.8*2.9 

11.05±2.07 

16.1314.8 

25.13±4.8“ 

UJ0±3.‘ 

I2.4li3.02 

Granulocy 
tesCd 54+ 

5.7±5.02 

13.59i3.62 

1S.68±4.89 

52.Sil.6T 

S.2S±1.6t 

8.33i3.01 


a - versus controls, DR 0, DR I (p<0,01) ; b -versus DR 2, DR 3 active (p<0,01) 


We observe the rising CD 54 expression tendency in patients with DR 3 (active ) and 
the low in DR 0, DR 1 & DR3 ( quiescent ), reflecting the incresead & decreased 
activative and adhesive ability of the mentioned cells cm these stages accordingly. 
There needs further investigation of this mechanism, its correlation with metabolic 
control & DR prognosis. 
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Prevention of retinal leukostasis by glklazide in streptozotocin-induced diabetic 
rats 

A. Kakehashi,! N. Kinoshita,l Y. Ito.I Y. Takahashi.l T. Yasu,2 M. Kuroki,2 S. 
Inoda,3 M. Kawakami,2 Y. Kanazawa2 

Department of Ophthalmology, 1 and Department of Integrated Medicine 1,2 Omiya 

Medical Center, Jichi Medical School, Omiya, Japan 

Department of Ophthalmology, Jichi Medical School, Minamikawachi, Japan3 

Background and Aims: Some sulfonylurea anti-diabetic agents might affect vascular 
function. However, gliclazide, a sulfonylurea, was reported recently to reduce 
neutrophil and monocyte adhesion to cultured endothelial cells in hyperglycemia. 
This study was designed quantitatively to evaluate the effectiveness of gliclazide 
treatment in vivo on leukostasis in the retinal microcirculation of diabetic rats. 
Materials and Methods: Diabetes was induced in male Brown-Norvvay rats by 
intravenous injection of streptozotocin (65 mg/kg). Gliclazide or glibenclamide was 
mixed with bait and administered orally during a 3-weck period of diabetes. Retinal 
leukostasis was quantitatively evaluated in vivo with acridine orange leukocyte 
fluorography using scanning laser ophthalmoscopy. 

Results: The number of leukocytes trapped in the area around the optic disc (radius, 3 
disc diameters) in diabetic rats (32.5±1.3 cells; n=4) w r as significantly increased 
compared with nondiabetic control rats (20.3±3.4 cells; n=4) (P<0.05). However, 
gliclazide-treatment significantly reversed the number of leukocytes trapped in the 
retina (22.0±5.3 cells; n=4) (P<0.05). In contrast, no significant reduction in retinal 
leukostasis was found in the glibenclamide-treated diabetic rats compared with the 
untreated diabetic rats. 

Conclusions: Treatment with gliclazide decreases leukostasis in the retinal 
microcirculation in early diabetes. From this observation, gliclazide might contribute 
to improved retinal blood flow and have a therapeutic effect on diabetic retinopathy, 
preventing microcirculatory disturbances caused by trapped leukocytes. 
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STUDY ON THE MECHANISM OF NEUTROPHIL ADHESION TO 
RETINAL CAPILLARY ENDOTHELIAL CELLS UNDER HIGH 
GLUCOSE CONDITION 
Y.K. Kim, S.D. Yoo*, S.M. Son, IJ. Kim 

Department of Internal Medicine, College of Medicine, Pusan National 
University, Pusan, Korea 

♦Department of Internal Medicine, College of Medicine, DongGuk University', 
Kyeongju, Korea 

Background and Aims: Diabetic retinopathy is a leading cause of adult vision 
loss and blindness. Much of the retinal damage that characterizes the disease 
results from retinal vascular leakage and occlusion. Capillary occlusion is the 
result of micro vascular thrombi in which erythrocytes, platelets and leukocytes 
each may play a role. We investigate the pathogenesis of leukocyte stasis by 
exposing bovine retinal capillary endothelial cells(BRCECs) for high glucose 
concentration. Materials and Methods: We examined the adhesion of 
neutrophils to BRCECs incubated in media containing 5.5-30 mmol/L D- 
glucose for 24 hours. We also measured the expression of E-selectin on 
endothelial cells and the activation of NF(nuclear transcription factor)-KB in 
nuclear fractions of endothelial cells by using electrophoretic mobility shift 
assay. Results: We observed that 30 n;mol/L D-glucose significantly increased 
the adhesion of neutrophils to BRCECs(I2.5% vs. 3.0%, p<0.01) and migration 
of neutrophil across cultured BRCEC monoIayers(41.0% vs. 21.0%, p<0.05) in 
respect to 5.5 mmol/L D-glucose. The expression of E-scIectin was increased 
incubated with 30 mmol/L D-glucose compared with 5.5 mmol/L D- 
glucose(1.45 OD vs. 0.54 OD, p<0.01). Electrophoretic mobility shift assay of 
nuclear extracts of BRCECs exposed for 24 h to 30 mmol/L D-glucose revealed 
an intense NF-kB activation compared with cells cultured in 5.5 mmot/L D- 
glucose(8.72XJ04 countsXmm 2 vs. 1.88X104 countsXmm 2 , p<0.01). 
Conclusions: These results suggest that high glucose concentration promote 
neutrophil adhesion to the BRCECs through upregulation of cell surface 
expression of E-selcctin, possibly depending on NF-kB activation and may have 
implications for the induction of microvasculopathy of diabetic retinopathy. 
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Free Insu lin -like Growth Factor-1 and Vascular Endothelial Growth Factor in 
vitreous fluid of patients with diabetic retinopathy: study of their relationship and 
behaviour. 

R. Simo, C. Hernandez, M Garat, I- Sararols, J. Garcia-Arumi, R.M. Segura and J. Mesa 
Diabetes Research Unit and Department of Ophthalmology. Hospital General Vail 
dllebron, Barcelona, Spaia 

Background and Aims: The aim of the study was to investigate the relationship between 
free Insulin-like Growth Factor-I (IGF-I) and Vascular Endothelial Growth Factor (VEGF) 
in the vitreous fluid of diabetic patients with proliferative diabetic retinopathy (PDR). 
Material and Methods: 37 diabetic patients in whom a vitrectomy was performed were 
compared to 21 non-diabetic patients with other conditions requiring vitrectomy, but in 
whom the retina was not directly affected by neovascularization. Statistics: Mann-Withney 
U-test and the Spearman rank correlation coefficient The results are expressed as the 
median and range. 

Results: Vitreal levels of both free IGF-I and VEGF were higher in diabetic patients with 
PDR than in control subjects (0.16 ng/ml [0.06-0.47] vs. 0.11 ng/ml [0.06-0.21]; p<0.01, 
and 1.38 ng/ml [0.11-7.61] vs. 0.009 ng/ml [0.009-0.038]; p<0.0001, respectively). We 
also detected higher intravitreous protein concentration in diabetic patients with PDR than 
in control subjects (3.01 mg /ml [1.05-13.8] vs. 0.73 mg/ml [0.27-2.62], p<0.0001). After 
adjusting for total intravitreous protein concentration, VEGF (ng/mg of proteins) remained 
significantly higher in diabetic patients with PDR than in control group (0.38 [0.01-4.72] 
vs. 0.01 [0.003-0.033]; pcO.OOOl). By contrast, the ratio of free IGF-I/vitreal proteins 
(ng/mg of proteins) was higher in control subjects than in diabetic patients (0.15 [0.06- 
0.65] vs. 0.06 [0.01*0.45]; p< 0.0001).The vitreous concentrations of VEGF were higher 
in patients with active PDR than in patients with quiescent PDR (2.06 ng/ml [0.22-6.66] 
vs. 0.57 ng/ml [0.11-1.26]; p<0.005). However, vitreous free IGF-I was not related to PDR 
activity. VEGF was 10-fold higher in vitreous fluid than in serum from patients with PDR 
(p<0.0001). By contrast, in the control group VEGF was higher in serum than in the 
vitreous fluid (p<0.000l). Free IGF-I was higher in serum than in vitreous fluid in diabetic 
patients with PDR (p<0.001), and also in control subjects (p<0.001). Finally, we did not 
observe a correlation between the vitreal levels of free IGF-I and VEGF, neither in 
diabetic patients, nor in the control group. 

Conclusions: We conclude that free IGF-I and VEGF behave differently and that they are 
not related within the vitreous fluid of diabetic patients with PDR. In addition, our results 
suggest that VEGF but not free IGF-I is directly involved in the pathogenesis of PDR. 
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REPLICATION OF BOVINE RETINAL PERICYTES FOLLOWING 
INHIBITION AND ACTIVATION OF PROTEIN KINASE C 

F. Pomero, A. Allione, E. Beltramo, E. Ponte, F. D’Alu and M. Porta. Department of 
Internal Medicine, University of Turin, Turin, Italy. 

Background and Aims: Protein kinase C (PKC) is a family of enzymes involved in die 
regulation of various cell functions. Abnormal PKC activity could be involved in the 
pathogenesis of diabetic microangiopathy. The aim of this study was to evaluate the effect 
of an activator (phorboI-12-myristate-l 3-acetate, PMA) and an inhibitor of PKC bl- and 
b2-isoforms (LY379196, generously provided by Ely Lilly, Indianapolis) (iPKC) in the 
presence of physiological (5.6 mmol/1) or high (28 mmol/1) glucose concentrations. 
Materials and Methods: To study the effects of PKC inhibition, bovine retinal pericytes 
(BRP) were incubated with either physiological or high glucose, with or without 500 
nmol/1 or lpmol/l iPKC. Cells were counted after 7 days and DNA synthesis through 
BrdU incorporation was measured after 4 days by ELISA. To study PMA effects on cell 
replication, BRP in normal or high glucose were exposed for 60 minutes every day to 100 
or 500 nmol/1 PMA. To confirm that PMA effect was due to PKC activation, BRP were 
stimulated by PMA, followed by iPKC 1 pmol/1. Results are expressed as percentages of 

5.6 mmol/1 glucose. Results: Means ± SD of cell counts were: 89.7+1!.4% for 28 glucose 
(p=0.003 vs 5.6 glucose), 65.1± 14.4 for normal glucose + 500 nmol/1 iPKC (p=0.000 vs 

5.6 glucose), 61±1L5 for 28 glucose + 500 nmol/1 iPKC (p=O.001 vs 28 glucose), 
52.3+22.8 for 5.6 glucose + 1 pmol/1 iPKC (p=0.001 vs 5.6 glucose), 44.9±IL5 for 28 
glucose+1 pmol/l iPKC (p=0.000 vs 28 glucose); 581.3+328% for 5.6 glucose + PMA 
100nmol/l (p=0.016 vs 5.6 glucose), 696.9±276.6 for 5.6 glucose + PMA 500 (p=0.003 vs 

5.6 glucose), 391.1+139.2 for 28 glucose + PMA 100 (p=0.001 vs 28 glucose), 
566.8+272.7 for 28 glucose + PMA 500 (p=0.005 vs high glucose), 310.9+100 for 5.6 
glucose + PMA 500+ iPKC lpmol/1 (p=0.003 vs 5.6 glucose), 145.2+36.2 for 28 glucose 
+ PMA 500 + iPKC lpmol/1 (p=0.007 vs high glucose). Absorbances of cells grown in 28 
mmol/1 glucose were lower than in normal glucose (83.2+15.8%, p=0.03); iPKC reduced 
absorbances both in addition to normal (66.4+14.6%, p=0.003) and high glucose 
(70.8+18.8%, p=0.02), whilst PMA addition increased them in either condition 
(167.2+38.9%, p=0.006 in normal glucose and 154+35.1%, p=0.01 in high glucose). 
Conclusions: The addition of an activator and an inhibitor of PKC is able to influence 
BRP replication in the presence of physiological and high glucose. These data confirm 
results we obtained previously with endothelial cells and suggest that the increased 
activity of PKC induced by high glucose, as described by other Authors, may not be 
responsible for impaired cell replication in diabetic retinopathy. 
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EFFECTS OF ANGIOTENSIN II AND INSULIN ON TGF-p PRODUCTION 
BY BOVINE RETINAL PERICYTES. 

A. Allione, F. Pomero, C. Berardi, P. Del Rizzo, E. Beltramo, F. F. D’Alu, E. Ponte, 

P. Limone and M. Porta. Department of Internal Medicine, University of Turin, Turin, 
Italy. 

Background and Aims; TGF-p is a cytokine involved in several cell functions, such 
as regulation of proliferation and turnover of extracellular matrix, inducing synthesis 
of type IV collagen, fibronectin, laminin and proteoglicans. TGF-P levels appear to be 
elevated in type 2 diabetes, particularly in retinopathy. Thickening of the basement 
membrane is peculiar of diabetic microangiopathy and could be mediated by 
increased synthesis of TGF-p. Angiotensin II (AT II) and insulin were reported to 
induce TGF-b production in mesangial cells. Since retinal capillary pericytes are 
homologous to mesangium, we hypothesized that AT II and insulin could increase 
TGF-b release also in pericytes. This study aimed at verifying this hypothesis in 
bovine retinal pericytes (BRP) in culture. 

Materiab and Methods; BRP were cultured in 6-we!l plates until subconfluent. Cells 
were then incubated overnight with insulin or AT II 10-10 mol/1, 10-8 mol/1, 10-6 
mol/1 or 10-4 mol/1. TGF-P concentrations were measured in the supernatants by 
ELISA and expressed as pg/ml/106 cells. 

Results: AT II and insulin addition did not modify significantly TGF-p production by 
BRP. AT II; basal 6133.8 ± 4281, 10-10 mol/1 3502.3 ± 3077, 10-8 mol/1 2951.6 ± 
2804, 10-6 mol/1 3654.3 + 3186, 10-4 mol/1 3583 ± 3146. Insulin: basal 4404.3 ± 
3196, 10-10 mol/1 3737.3 ± 4879, 10-8 mol/1 3637.3 ± 4929, 10-6 mol/1 3003 ± 2540, 
10-4 mol/12440 + 2240. 

Conclusions; TGF-P production by pericytes does not appear to be stimulated by 
addition of AT II or insulin. This suggests that thickening of the basement membrane 
in retinal capillaries may not be mediated by these hormones. 
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ENDOGENOUS mRNA LEVELS OF ANTIOXIDATIVE ENZYMES IN THE 
RETINA OF RATS WITH STZ-INDUCED DIABETES. 

E. Agardh, B.K. Israelsson, B. Thuesen-OIsen and C.-D. Agardh. Wallenberg 
Research Laboratory, Malmo University Hospital, Sweden. 

Background and aims: Long-term hyperglycemia results in microvascular 
complications, like diabetic retinopathy, but the mechanisms behind the development 
of microangiopathy are not clear. Oxidative stress, either due to increased production 
of reactive oxygen species or a deficient endogenous defense, has been suggested. 
The aim of the present study was to study effects of hyperglycemia on the 
endogenous antioxidative enzyme systems in the retina in vivo and if so, whether 
aminoguanidine or probucol, drugs that can act as an inhibitor of advanced glycated 
end products or as a free radical scavenger, had any influence. Materials and 
methods: Male Wistar rats, body weight 250-300 g, were injected intraperitoneally, 
1-2 times, with streptozocin (STZ) (60 mg/kg body weight). Only rats with blood 
glucose levels > 15 mmol/L were included. Diabetic as well as strain matched 
control animals were fed either 1) a normal diet, 2) addition of probucol (1% w/w) in 
the pellets or 3) aminoguanidine (0.5 g/L for diabetic and 1 g/L for control rats) in 
the drinking water. After one and six months, respectively, the retina was snap 
frozen, RNA was extracted, and the mRNA levels for CuZnSOD, MnSOD, catalase 
and glutathione peroxidase (GSH-Px) were analysed using Quantitative Competitive 
Polymerase Chain Reaction (QC-PCR). Results: The mRNA catalase levels in the 
retina were low, about 1/10 of those of the other enzymes but there was a 100% 
increase after six months of diabetes (0.012.+0.004 vs. 0.006+0.002; p=0.006). 
Neither aminoguanidine nor probucol had any influence on this elevated 
concentration. There was a 50% increase of relative mRNA concentrations of GSH- 
Px after six months of diabetes, (0.83+0.25 vs. 0.54+0.18; p=0.042), which was 
inhibited by probucol.. Conclusion: The elevated retinal mRNA levels of catalase 
and GSH-Px after six months of diabetes, and the normalization of the GSH-Px 
levels by probucol, suggest that long-term exposure to hyperglycemia results in 
increased oxidative stress in the retina. 
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Concentrations of AdrenomeduUin(AM) and VEGF in the Aqueous Humor of 
the Anterior Chamber at Each Stages of Diabetic Retinopathy 
T. Kawata, A- Ohta, Y. Ogawa, N. Saito, T. Yoshizawa*, T. Sugino* 

Department of Internal Medicine, St. Marianna University School of Medicine 
•Department of Ophthalmology, St. Marianna University School of Medicine 

Background and Aims, In order to elucidate pathophysiology of diabetic retinopathy 
from the standpoint of microcirculatory hemodynamics, the roles of AM and VEGF in 
the onset and progress of retinopathy were studied at each stage of retinopathy. 
Materials and Methods; Enrolled in the study were 32 diabetic patients and 28 non- 
diabetic patients, that is, the control group. Aqueous humor was collected during 
ophthalmologic operations excluding that of neovascular glaucoma, and AM was 
measured by RIA method and VEGF by EIA method. Concentrations of AM and 
VEGF were compared according to duration of diabetes mellitus, HbAIc and stages of 
retinopathy. 

Results; AM concentration(mean±SD fmol/ml) in the aqueous humor of the anterior 
chamber also seemed to increase as duration of diabetes mellitus lengthened. VEGF 
concentration(mean±SD pg/ml) in the aqueous humor of the anterior chamber was 
217.929±254.734 in the diabetic group, or a significant increase(p<0.01) in the 
diabetic group. 

Conclusions: AM concentration in the pre-proliferation group was significantly 
higher than that in the simple group(p<0.01) and the highest among three groups. 
Increases in AM concentration in the aqueous humor of the anterior chamber in the 
simple and pre-proliferation retinopathy are thought to substantiate the increase in 
retinal blood flow at these stages. It is also inferred that the decrease in blood flow at 
the proliferation stage accompanies the decrease in AM. The distribution dynamics 
are similar to changes in blood concentrations of AM, suggesting the possibility of the 
association between the increase in VEGF and the change. 
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IS HOMOCYSTELNEMLA A MARKER OF DIABETIC RETINOPATHY IN 
HYPERTENSIVE TYPE 2 DIABETICS? 

I. Iliev 1 , A. Parvanova 1 , J. Zaletel 1 , B. D. Dimitrov 1 ’ 2 , D. Fenili’, A. Pemal and P. 
Ruggenenti 1 ’Mario Negri Institute for Pharmacological Research, Clinical Research 
Centre for Rare Diseases’Aldo e Cele Dacco’, Villa Camozzi, Ranica (BG), Italy; 
department of Social Medicine, Higher Medical Institute, Plovdiv, Bulgaria; 
3 OspedaIeTreviglio Caravaggio’, Treviglio (BG); Italy 

Background and Aims: Fasting hyperhomocysteinemia is a marker of cardiovascular 
disease. In this cross-sectionaJ pilot study we tested whether homocysteinemia (HCY, 
mcmol/1) is an independent marker of retinopathy (DR) in hypertensive type 2 
diabetics. 

Materials and Methods: 37 consecutive patients with median (range) GFR 88.5 (32- 
137 ml/min/1.73 sq.m.) and AER 69 (2.4-1609 meg/min) were assessed by 
fundoscopy for DR. GFR was measured by iohexol plasma clearance. Methods of 
descriptive statistics and logistic regression were used. HCY, diabetes duration (DUR, 
months) and AER were logarithmically transformed to correct for skewed distribution 
and/or outliers. 

Results: The patients with DR (DRy, n=ll) and without DR (DRn, n=26) were 
homogeneous for age (mean 60 years, SD 7 years), HbAIc (6.2%, 1.5%) and serum 
lipids. The patients with DR had higher InllCY, lower BMI (kg/m2), longer InDUR, 
higher systolic BP (SBP) and higher InAER (see mean and SD in Table, p<0.05). In 
the stepwise conditional logistic regression, as being partially independent, InllCY 
(score b=4.5) together with InDUR (b=2.1) and SBP (b=0.1) predicted DR with 
accuracy of 86.5% (p<0.05). The study was underpow ered to confirm GFR as a likely 
marker. 

Retinopathy_InHCY_BMI_InDU R SBP_InAER 

DRy_2.8(0.4)_27.4(5.I)_4.9(0.8)_155(I5)_5.1(1.4) 

DRn_2.5(0.3)_31.3(5.3)_3.9(0.9)_145(12)_3.8(2.0) 

Conclusions: Fasting homocysteinemia is a marker of diabetic retinopathy in 
hypertensive type 2 diabetics, additionally to diabetes duration and systolic blood 
pressure, and might be used as likely predictor of its progression. 
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INHIBITION' OF ADVANCED GLYCATION/LIPOXIDATION ENDPRODUCTS 
(AGES/ALES) PREVENTS RETINOPATHY IN EXPERIMENTAL DIABETES 
AAV. Stitt*, T.A. Gardiner*, N. Duffy*, A.M. Lichanska*, C. Boyle*. D.A.C. Simpson*, 
N.L. Alderson§, A.F. Janu$zewski§, J.W. Baynes§, and SR. Thorpc§. *Queen’s 
University of Belfast, N. Ireland; §University of South Carolina, USA 
Background and Aims: Pyridoxamine (PM) is a new AGE/ALE inhibitor that traps 
carbonyl intermediates in advanced glycation and lipoxidation reactions. We examined the 
ability of PM to protect against diabetic retinal disease and compared it with the 
antioxidant vitamin E (VE) known to prevent retinopathic lesions in diabetic rats. 
Materials and Methods: Streptozotocin (STZ) was used to induce diabetes in Sprague- 
Dawley rats and after one week the animals were treated with either PM (lg/1 drinking 
water) or VE (2000 IU/Kg diet). Glycated haemoglobin was monitored throughout and 
maintained at -12% with injection of insulin (3IU, 3 times/ week). After 29 weeks of 
diabetes the animals were sacrificed and a range of AGEs / ALEs w'ere measured in skin 
collagea The eyes from each animal were removed and the retinas examined for 
retinopathic change. Retinas from at least 8 animals per group were subjected to trypsin 
digestion and the number of acellular capillaries estimated. The retinas from the fellow 
eyes (n=8/group) were extracted for total RNA, cDNA produced by reverse transcriptase 
and quantitative real-time PCR conducted to determine regulation of extracellular matrix 
(ECM) mRNAs. 

Results: The results demonstrated a >3 fold increase in acellular capillaries and significant 
upregulation of fibronectin (2 fold) and laminin (b chain) (2.6 fold) raRNA expression 
when diabetic controls were compared to non-diabetics. PM treatment resulted in 
considerable protection against capillary drop-out (p<0.01) and a significant reduction in 
ECM mRNA expression over diabetic controls; fibronectin (p<0.02); laminin (p<0.001). 
VE treatment of diabetics did not cause statistically significant protection from retinal 
capillary death nor was fibronectin expression altered although there was a reduction in 
diabetes-related laminin mRNA-induction (p<0.01). The retinal data also correlated with 
AGE/ALE levels in other non-ocular tissues with PM lowering levels more effectively 
than VE. 

Conclusions: The results suggest that AGE/ALE-inhibition during experimental diabetes 
using PM can prevent several of the recognised parameters of diabetic retinopathy. While 
the antioxidant VE had a less significant protective effect than PM, it would appear that 
hyperglycaemia-related advanced lipoxidation and advanced glycation processes may play 
a role in retinal vascular dysfunction during diabetes. 



A 291 


PS 86 

Autonomic Neuropathy 

1115 

RELATIONSHIP BETWEEN IMPAIRED 0,1 HZ VASOMOTION AND 
PARASYMPATHETIC AND SENSORY NEUROPATHY IN DIABETES 
M.F. Meyer, C.J. Rose, J.-O. HOlsmann, M. Pfoh! and H. Schatz. 

Department oflntemal Medicine, University Hospital Bergmannsheil, 

Ruhr*University Bochum, Germany 

Background and Aims: In diabetic patients a reduction of 0,1 Hz skin blood flow 
fluctuations was found, which points to a decreased efferent sympathetic activity to 
the skin. We investigated the relationship between impaired 0,1 Hz vasomotion and 
parasympathetic and sensory neuropathy. Materials and Methods: 20 type I and 19 
type 2 diabetic patients were investigated. Vasomotion was recorded in single 
capillaries at the dorsal middle phalangeal area of the left ring finger by means of 
laser Doppler anemometry. Parasympathetic neuropathy was assessed by spectral 
analysis of heart rate variation during rest and recording heart rate responses to deep 
breathing and Valsalva manoeuvre. Sensory neuropathy was investigated by 
measuring pain, vibration and thermal sensory thresholds. Results: Loss of 
spontaneous variations in skin blood flow was found in 43,7% of all patients. 
Vasomotion (0.09-0.1 Hz) was more frequently (p<0.05) impaired in diabetic 
patients, types 1 and 2, with at least one altered test for parasympathetic neuropathy 
(81.3%), but it was already reduced in those with normal heart rate variability 
(47.4%). Especially in type 1 diabetic patients loss of spontaneous fluctuations in 
skin blood flow was found in all persons (100%) with parasympathetic neuropathy 
but even in 41,7 % of those with normal tests for cardiac autonomic neuropathy 
(p-0.01). The prevalence of impaired vasomotion was higher in type 2 diabetic 
patients with an abnormal cold threshold compared to those with normal cold 
sensation (66.7% vs. 14.3%; p<0.05). Impairments of vibration sensation and 
vasomotion were not related. An abnormal warm thermal threshold was only found 
in 2 patients. No one had a reduced pain sensation. Conclusions: These results 
indicate that reduction of 0.1 Hz microcirculatory fluctuations as evidence of 
sympathetic dysfunction occurs in parallel with the parasympathetic diabetic 
neuropathy and impairment of cold sensation. Thus, reduction of vasomotion, 
detected by laser Doppler anemometry, might be an early index of autonomic 
dysfunction and precedes abnormalities in warm and pain sensation. 
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CONTRIBUTION OF DIABETIC AUTONOMIC NEUROPATHY TO 
HYPOGLYCEMIA UNAWARE NESS IN LONG-TERM TYPE 1 DIABETES 
M. Koek, B E. de GaJan, J.W. Lenders, A.L. Verbeek, and C.J.Tack. Departments of 
Medicine and Epidemiology and Biostatistics, University Medical Center Nijmegen, 
Nijmegen, The Netherlands 

Background and Ainu: Iatrogenic hypoglycemia is an established, but reversible, 
risk factor for impaired glucose countenegulation and hypoglycemia unawareness in 
type 1 diabetes. Diabetic autonomic neuropathy (DAN) may cause irreversible 
damage to glucose counterregulation, but its contribution has not been evaluated in a 
large group of patients. We conducted a cross-sectional study in long-term (>I0 
years) diabetic patients to assess the role of DAN in hypoglycemia unawareness. 
Materials and Methods: 75 Consecutive patients (mean age ±SD, 44±13 y) with 
type 1 diabetes of 25±11 years duration were included. Hypoglycemia unawareness 
was assessed using structured questionnaires and scored between 0 (maximal aware) 
and 10 (maximal unaware). The presence of DAN was based on standard 
cardiovascular reflex tests, and scored as being normal, pure parasympathetic lesion 
(DAN-p), pure sympathetic lesion (DAN-s), or combined lesion (DAN-p+s). HbAlc 
was measured using HPLC. 

Results: 59 Patients (78%) scored at least 1 point on the unawarencss scale and 21 
(29%) had 3 or more points, indicating moderate to severe hypoglycemia 
unawareness. Hypoglycemia unawareness was related to HbAlc (r=-©293, P=0.01) 
and diabetes duration (r=0 215, P^.Ofi). As many as 52 patients (69%) had 
abnormalities in cardiovascular reflex tests: 8 DAN-p (11%), 14 DAN-s (18%), 30 
DAN-p*s (40%). No relation was found between hypoglycemia unawarencss and 
DAN for the whole group. Subgroup analysis showed a trend towards higher 
unawareness-scores in poorly controlled (IIbAlc>8.3%) patients with DAN-s 
(P 3 '0.096), and lower scores (i.e. more aware of hypoglycemic symptoms) in patients 
with >20 years diabetes and DAN-p (P=0.04). 

Conclusions: In this group of long-term diabetic patients, hypoglycemia unawareness 
is fairly prevalent and still mainly determined by HbAlc and diabetes duration. The 
contribution of DAN to hypoglycemia unawareness for the entire group was small, 
but DAN-s may become relevant in poorly controlled patients. Remarkably, DAN-p 
appears to be related to increased aw areness of hypoglycemia. 
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NEUROPATHY STATUS, GASTRIC EMPTYING AND DIGESTIVE 
SYMPTOMS IN TYPE-1 DIABETES MELLITUS: IS THERE A 
RELATIONSHIP? 

•TT. VSrkonyi, 4 R. R6ka, 4 R. Takdcs, •?. L6gr5dy P r **M. Uzlr, *L. Maddcsy, 
4 C$. Lcngyel, 44 L. Pivics, ••*P. Kempler and 4 j. Lonovics. 4 l“ Dept, of 
Medicine and 44 Dept. of Nuclear Medicine, University of Szeged and 444 1* Dept, 
of Medicine, Scmmelweis University, Budapest, Hungary 
Background and aims: the etiology of the motility disorders and the nature of the 
associated complaints in diabetes mcllitus (DM) are still poorly characterized. The 
aim of this study was to determine the correlations between the neuropathy status, 
gastric emptying and the severity of digestive symptoms in long-standing type-1 
DM. Materials and methods: 23 patients with type-1 DM of long duration 
(duration of DM: 26.U2.3 >ts, age: 45.2±2.7yrs, mearUSE) were included. The 
stomach function was evaluated by a scintigraphic gastric emptying procedure. 
Autonomic neuropathy (AN) was assessed by means of the five standard 
cardiovascular reflex tests. The sensory nerve function was studied with a 
Ncurometer (Ncurotron Inc. Baltimore, Md), using transcutaneous electrical 
stimulation. The digestive complaints were characterized by calculation of 
symptom scores. Results: A positive correlation was observed between the half¬ 
time of gastric empty ing (HTE) and the AN score (r^O.59, p<0.01). In accordance 
with this finding the correlation was negative between the heart rate response to 
breathing and HTE (r=-0.45, p<0.05) and between the Valsalva ratio and HTE (r=- 
0.46, p<0.05). A positive association was found between orthostatic hypotension 
and HTE (r=0.56, p<0.01). The gastric hypomotility was not correlated w ith the 
severity of digestive complaints, while a positive correlation w as proven between 
the AN score and the overall digestive symptom score (r^0.44, p<0.05). Separate 
analysis of the different complaints revealed a positive correlation between 
abdominal pain and the AN score (r=0.42, p<0.05) and between the symptoms of 
dysmotility and the AN score (r=0.50, p<0.05). The peripheral sensory nerve 
dysfunction was not correlated with HTE or the degree of complaints. 
Conclusions: Autonomic neuropathy seems to be the major determinant of gastric 
hypomotility in type-1 DM. The severity of the digestive symptoms is more 
frequently associated with the progression of autonomic neuropathy than with the 
degree of gastric hypomotility or the peripheral sensory nerve dysfunction. These 
findings may suggest that autonomic neuropathy is primarily responsible for both 
gastrointestinal hypomotility and the genesis of digestive complaints in DM. 
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Aortic disteasibility is reduced in diabetic patients with autonomic neuropathy 
S. Liatis, N. Tentolouris, I. Moysakis 4 , P. Tsapogas, M. Psallas, E. Diakoumopoulou, 
M. Kyriakidis 4 and N. Katsilambros. Athens University Medical School and 
•Department of Cardiology, Laiko Hospital, Athens, Greece. 

Background and Aims: Recent studies have shown an association between 
cardiovascular risk factors and aortic distensibility (AD) in non-diabetic persons. A 
few studies have been conducted in persons with diabetes (DP) and, in addition, there 
is no any information concerning the relationship between diabetic autonomic 
neuropathy (DAN) and AD in type 2 diabetes. 

Materials and methods: Sixty-twt) subjects with type 2 diabetes as well as thirty-four 
healthy individuals (C), mean age (SD): 58.3 (9.2) and 54.3 (11.6) years, males n(%): 
34 (58.4) and 15 (44.1) respectively; mean duration (SD) of diabetes: 9.1 (7.1) years, 
without evidence of macrovascular disease, were studied. AD was assessed with high- 
rcsolution ultrasonography, 3cm above the aortic valve. Short-term power spectral 
analysis of the heart rate variability (PS AHRV) and the battery of the classical Ewing 
tests w ere used to evaluate DAN. 

Results: AD was significantly lower in DP than in C [1.87 (0,44) vs 2.54 (0 29) 10-6 
dyn-1. cm2 respectively, P<0.0001). In addition, AD was significantly lower in DP 
with DAN compared to DP without DAN [1.66 (0.54) vs 1.96 (0.54) 10-6. dyn-1 cm2 
respectively, P=K).02). Multivariate analysis after adjustment for a number of 
confounding factors such as age, sex, plasma lipids, blood pressure and smoking, 
showed that AD was related significantly and independantly with duration of diabetes 
[B=-0.04, SE(B)=0 008, P<0.0001] and the total power of the PS AHRV [B--0 27, 
SE(B)-0.13, P=0.05] 

Conclusions: Patients with type 2 diabetes and especially thos evvith autonomic 
neuropathy have reduced aortic distensibility. The lack of association between the 
elastic properties of the aorta and the classical risk factors for atherosclerosis probably 
indicates that diabetes per se is more important in the initiation and progression of the 
atherosclerotic process. 
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Oxidative Stress is Associated with Abnormal Myocardial Blood Flow 
Regulation in Subjects with Type 1 Diabetes and Mkroangiopathy 

R.Pop-Busui, D.Raffel, V.Marinescu and M.J.Stevens. Div.of Endocrinology 
&Metabolism, University of Michigan, Ann Arbor, MI, USA. 

Background and Aims: Cardiovascular autonomic neuropathy (CAN) has disabling 
clinical manifestations and may facilitate malignant arrhythmias by altering electrical 
stability and/or impairing myocardial blood flow. The etiology of CAN is unknown, 
but oxidative stress has recently emerged as a contributing factor. The aim of this 
study was to characterize the relationships of left ventricular (LV) sympathetic 
dysinnervation and microangiopathy (MA) to altered myocardial vascular 
responsiveness and oxidative stress in diabetic subjects ± CAN. 

Materials and Methods: Quantitative dynamic myocardial blood flow assessment 
using positron emission tomography (PET) and [13N]-NID at rest and during 
sympathetic stimulation (cold pressor test) was performed in type 1 diabetic subjects 
with CAN and MA (retinopathy and nephropathy) (n=6) , diabetic subjects with MA, 
but no CAN (n=6), healthy diabetic control (DC) subjects (n=7) and age and sex 
matched healthy nondiabetic subjects (ND) (n=6). CAN was assessed using a battery 
of standardized autonomic function tests and PET using [UCJ-hydroxyephedrine. 
Urinary F2-isoprostanes (a measure of lipid peroxidation) w ere measured as an index 
of oxidative stress. 

Results: In response to sympathetic stimulation global coronary flow reserve (CFR) 
increased by 60% and 28% (p<0.05) respectively in ND and DC subjects. In contrast, 
global CFR decreased by 14% (p<0.05) and 3% in the MA and CAN subjects, 
respectively. In the CAN subjects, paradoxical vasoconstriction was limited to the 
proximal innervated myocardial segments. Urinary F2-isoprostanes levels were 
markedly elevated in diabetic subjects with MA (51 A 2 pg./mMol creatinine) as 
compared with ND subjects (26 ± 2 pg/mMol creatinine (p<0.0 5 ). 

Conclusions: In conclusion* diabetic subjects with NIA demonstrate increased 
oxidative stress and paradoxical myocardial vasoconstriction on sympathetic 
activation. Cardiac dysinnervation, oxidative stress and endothelial dysfunction may 
predispose to life-threatening myocardial electrical and chemical instability 
complicating diabetes. 
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THE EFFECTS OF LIPOIC ACID ON ANTIOXIDANT STATUS AND 
PLATELET AGGREGATION LN TYPE 2 DIABETIC PATIENTS WITH 
CARDIOVASCULAR AUTONOMIC NEUROPATHY 

L.M. Serhiyenko, AM.Urbanovich, AA. Serhiyenko, V.O.Serfiiyenko. Department of 
Endocrinology & Clinical Pharmacology, Lviv Medical University, Lviv, Ukraine 

Background and Aims:CardiovascuIar autonomic neuropathy (CAN) affects » 30-40 % 
of the patients with Type 2 diabetes mellitus. The present study had examined the effect of 
a-Iipoic acid (LA the lipophilic free radicals "cleaner") on the antioxidant status, platelet 
aggregation, prostacyclin I2-thromboxane A2 system in patients with Type 2 diabetes 
mellitus and CAN. Materials and Methods: 49 patients (54±7 years, 27nV22f) were 
allocated in two treatment groups. All patients were randomized to receive either a daily 
ijvenous (2 weeks) and then per os dose of 600 mg a-LA (n=32) or placebo (n=l7) during 
2 months. Parameters of platelet function, other biochemical and instrumental 
investigations were observed at baseline stale and at the end of 1 and 2 months period. 
CAN assessed by reduced heart rate variability (HRV), Ewing’s battery tests and QTc 
interval parameters disturbances. Platelets were exposed to different agonists (1 U/ml of 
thrombin; 0,1; 0,5 and 5 mM of ADP). ADP-induced platelet aggregation was measured 
by automatic system. Results: Analysis of aggregatory curves shows that platelets in 
patients with CAN began to aggregate earlier and the speed (0,70±0,01 U/min, p<0,001) 
and the stage of aggregation (23,60±1,09 MU/min, p<0,01) increases. Obtained results 
could witness about increase in platelet sensivity towards thrombin and ADP in Type 2 
diabetic patients with CAN. There was an increasing of 1251-thromboxane B2 (TXB2) 
level (198,92±11,23 pg/ml, p<0,001), decreasing of 1251-6-ketoprostaglandin Fla (6- 
ketoPGFla), (95,9±9,11, p<0,01) in plasma blood, activity of superoxide dismutase (SOD, 
9,14±1,25 RJ/ml Rbc's, p<0, 001), glutation peroxidase (GPO, 287,40*21,89 GSH/min 1 g 
Hb) and catalase in platelets and RBC’s, content of reduced gluthatione (GSH, I,66±0,03 
mcM/lg Hb, p <0,001) simultaneously. After 2 months a course of treatment with LA a 
decrease of a degree and speed of an aggregation of thrombocytes was marked. 
Simultaneously, concentration of 6-ketoPGFla, (p<0,001), and activity of SOD, GPO and 
GSH concentration were authentically augmented, and the contents of TXB2 was 
considerably reduced (p<0,01) The above-stated changes were accompanied by positive 
dynamics of tool and functional samples permitting to troubleshoot a cardiac padiology, 
and, especially, CAN in patients with Type 2 diabetes mellitus. Conclusions: a-iipoic acid 
improves an antioxidant status and platelet aggregattion parameters of Type 2 diabetic 
patients with CAN. 
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LEFT VENTRICULAR FUNCTION ASSESSMENT WITH RADIONUCLIDE 
VENTRICULOGRAPHY AT REST IN RELATION TO AUTONOMIC 
NEUROPATHY IN TYPE 1 DIABETES MELLITUS. 

T. Didangelos, G. Arses*, D. Karamitsos and V.Athyros and N. Karatzas*. 
Diabetes Center and Laboratory of Nuclear Medicine*, Aristotelian University of 
Thessaloniki, Hippocration Hospital of Thessaloniki, GREECE. 

Background: A controversy exists about the relation between diabetic 
autonomic neuropathy (DAN) and left ventricular (LV) function (systolic and 
diastolic). Patients - methods: To investigate this relational patients with type I 
diabetes mellitus (DM) were studied. We tested 22 women and 19 men with mean 
age 36.2±12.8 (16 - 66) years and mean duration of DM 18.4±7.8 (6 - 45). The 
presence of DAN was established if 2 or more of the following 4 standard 
cardiovascular reflex tests were abnormal. The R-R variation during deep 
breathing (assessed by expiration/inspiration ratio, mean circular resultant and 
standard deviation), Valsalva maneuver, 30:15 ratio and blood pressure response 
to standing were used. LV function was investigated with radionuclide 
ventriculography (RNV) at rest. Ejection fraction (EF) was used to assess LV 
systolic function, while peak filling rate (PFR), first third filling fraction (1/3FF), 
and atrial contribution to ventricular filling (A/V) were used to investigate LV 
diastolic function. All patients were free from coronary artciy disease. Twenty 
three subjects of similar age were used as normal controls (NC), Results: Twenty 
five patients had not DAN (GROUP A) and the rest 16 had definitive DAN 
(GROUP B). Heart rate (HR) for all patients with type 1 DM was higher than HR 
of controls, thus values of diastolic indices were corrected for HR._ 



GROUPA 

GROUP B 

NC 

p(A-NC) 

P(B-,NC) 

HR 

74.2110.7 

82.4112.7 

65.218.6 

0.006 

0.0001 

EF 

66.116.0 

69.9±10.4 

64.414.8 

0.124 

0.02 

PFR 

4.6+1.0 

3.811.3 

4.6+1.3 

0.665 

0.024 

1/3 FF 

56.2±16.3 

37.7111.0 

48.5±12.6 

0.142 

0.01 

A/V 

13.417.5 

21.1112.7 

14.4±11.9 

0.841 

0.079 


Conclusions: It is concluded that LV systolic function is not negatively affected 
by DM, regardless of DAN presence. LV diastolic function is significantly 
impaired in patients with type-1 DM and DAN. LV diastolic function is normal in 
patients with type-1 DM without DAN. 
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Postural catecholamine response in Type I diabetes mellitus with chronic renal 
failure 

P. Boucek, F.Saudek, P.Husek, J.Vrbikova and J.Skibova. Institute for Clinical and 
Experimental Medicine and Institute of Endocrinology, Prague, Czech Republic 

Background and Aims: Orthostatic hypotension as a sign of autonomic neuropathy 
is frequently present in advanced diabetic nephropathy. However, information on 
catechoIaminefCA) kinetics during postural change in diabetic patients with chronic 
renal failure is scarce. The aim of the study was the assessment of 
norepinephrine(NE) and epinephrinc(E) responses to standing up in Type 1 diabetic 
paient$(DM) with chronic renal failure or end-stage renal disease. 

Materials and Methods: We have examined 14 patients (M/F: 8/6, mean+SD age 
44.1*8.8 years, DM duration 22*6 years) from the pancreas and kidney transplant 
waiting list and 10 healthy sex- and age-matched controls(C). After 30 min in the 
supine position, systolic(s) and diastofic(d) BP and venous plasmatic levels of NE and 
E were measured (min -1, 0, 1, 3, 5 and 10) during standing up. BP was measured by 
cuff sphygmomanometry, CA levels were determined by HPLC (Shimadzu LC-6A 
pump, Kyoto, Japan) with fluorimetric detection (Shimadzu RF-551 fluorescence 
monitor) after condensation with diphenylethylenediamine. Data were analysed with 
the use of ANOVA; Wilcoxon paired test was used for intra-group comparisons, 
w hen appropriate. 

Results: Apart from sBP (DM vs C: 144*24 vs 112*13 mmHg, pO.OI), no other 
parameters differed between the groups at rest BP fell significantly in the DM group 
after standing up (min 5-0: sBP -30*29 mmHg, p<0.001, dBP -9*13 mmHg, 
p<0.05), while such a response did not occur in the C subjects (min 5-0: sBP +1*7 
mmHg, DM vs C p<0.01, dBP +6*5 mmHg, DM vs C p<0.001). Blood NE levels 
increased similarly in both groups (min 5-0: DM +0.85*0.85 nmol/1, C +0.97±0.85 
nmol/1, DM vs C p>0.05). In both groups, no postural changes of E levels were found. 
A doubling of NE levels (min 5 vs 0: 2.28 vs 1.13 nmol/1) occurred in 3 DM patients 
who were unable to remain standing due to severe symptomatic hypotension. 
Conclusions: Despite a significant decrease in BP, no changes of catecholamine 
kinetics during standing up were found in Type I DM patients with chronic renal 
failure. Other factors may be responsible for orthostatic hypotension in these subjects. 
Supported by IGA NB/6394-3 and ND/5295-3 grants of the Czech Ministry of Health 



A 293 


1123 

AUTONOMIC NEUROPATHY AND QT-INTERVAL PROLONGATION IN 
NONALCOHOLIC DIABETICS, NONDIABETIC ALCOHOLICS AND IN 
ALCOHOLIC DIABETIC PATIENTS 

P. Kempler, £. Kiddr, I. Istenes, Z. Hermanyi and K. Keresztes, 
l.Dept. of Medicine, Semmelweis University, H-10S3 Koranyi S. u. 
2/a, Budapest, Hungary 

Background and Aims: Sudden death is not rare in patients with 
cardiovascular autonomic neuropathy (CAN) and corrected QT-interval 
(QTcI) prolongation is thought to be important in this respect. Materials 
and Methods: Evaluating the relationship between CAN and QTcI, heart 
rate responses to deep breathing, standing and Valsalva maneouvre just 
as blood pressure responses to standing and sustained handgrip were 
assessed. QTcI was determined with Bazett’s formula. Results: 82 
controls had normal results in all five tests and a mean QTcI of 397 (SD 
21) ms. 70/94 nonalcoholic patients with Type II diabetes mellitus, 
14/36 nondiabetic alcoholics and 21/22 alcoholics with Type II diabetes 
mellitus had CAN. Significant linear regression was found between 
severity of CAN - based on the number of abnormal reflex tests on 
patient - and QTcI prolongation (p'.0,001 in all three groups). Abnormal 
QTcI (>440 msec) was seen significantly more often in patients with 
CAN compared to those without CAN (p<0,001 in nonalcoholic 
diabetics and nondiabetic alcoholics, p<0,05 in alcoholic diabetic 
subjects). Analysing the connection between QTcI and the five reflex 
tests separately, significant negative correlations indicate that beside the 
previously established role of sympathetic imbalance even 
parasympathetic damage contributes to the development of QTc- 
lengthening. Conclusions: Our data provide evidence of a relation 
between the presence and severity of CAN and degree of QTcI 
prolongation in all groups examined. Changes in diabetic patients 
appear to be attributable to CAN, rather than to diabetes per se. 
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INCREASED INTESTINAL PERMEABILITY AS A CAUSE OF FLUCTUATING 
BLOOD GLUCOSE LEVELS. 

T Damci, I Nuhoglu, G Devranoglu*, Z Osar, M Demir*, H llkova. Istanbul 
University, Cerrahpasa Medical Faculty, Department of Internal Medicine, 
’Department of Nuclear Medicine, Istanbul, Turkey. 

Aim: In type 1 diabetic patients postprandial glucose excursions have a major impact 
on metabolic control. Some type 1 diabetics have highly variable glucose 
measurements at a given hour of the day in different days under same insulin regimens 
and very similar diet and physical activity. The present study adresses whether type 1 
diabetic patients have increased intestinal permeability and intestinal permeability 
predicts postprandial blood glucose variability. Material and methods: 30 type 1 
diabetic patients on intensive insulin treatment ( 14 M, 16 F, age: 26.7 ± 6.86, diabetes 
duration: 5.63 ± 4.6 HbAlc: 9.1 ± 2.5 %) together with 15 age and sex matched 
healthy controls were enrolled in the study. None of the patients and controls had 
gastrointestinal disease. All medications except for insulin were withdrawn 48 hours 
before the test procedure. After an overnight fasting all patients and controls received 
lOOpCi (3.7MBq) of Cr-51 EDTA as a radioactive tracer. The percentage of the 
isotope excreted in a 24 hour urinary specimen was the permeability measure. Instant 
blood glucose was measured just before the test and patients performed and recorded 
self monitoring of blood glucose four times a day (fasting and 2 nd hour postprandial 
levels after each meal) during the following week. Autonomic neuropathy was tested 
with measurement of R-R interval during deep inspiration and Valsalva maneuver. 
Results: When compared to healthy age matched controls type I diabetic patients 
have increased intestinal permeability. (4.53 ± 1.35 vs 2.3 ± 1.0 %, p<0.05). 

Increased intestinal permeability correlated w ith instant blood glucose (r:0.38, p:0.03) 
and patients with autonomic neuropathy had increased intestinal permeability than 
others (4.08 ± 1.36 vs 5.56 ± 1.03 %, p:0.05). Intestinal permeability did not change 
with gender, diabetes duration, HbAlc, total daily insulin dose, glomerular filtration 
rate, presence microalbuminuria, defecation frequency (p>0.05). Cr-51*EDTA 
excretion rate significantly correlated with the coefficient of variation of postprandial 
blood glucose measurements (r: 0.55, p: 0.001).Conclusion: Type 1 diabetic patients 
have increased intestinal permeability when compared to age matched healthy 
controls. Intestinal permeability correlates with instant blood glucose and is increased 
in patients with autonomic neuropathy. Increased intestinal permeability significantly 
predicts the variability in postprandial blood glucose measurements. 
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Withdrawn 
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Erectile Dysfunction 
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ERECTILE DYSFUNCTION AND DIABETES: A POPULATION-BASED STUDY 
A. Nicolosi. M. Villa, E. Moreira, D. Glasser 

Department of Epidemiology (ITBA), National Research Council, Milan, Italy 
Background and Aims: Most studies of erectile dysfunction (ED) have been carried out In 
selected clinical populations, using varying definitions of ED. We conducted a multinational 
population-based survey in Brazil, Italy, Japan, and Malaysia to study the preva'enco and 
correlates of ED among subjects with varying genetic, cultural, and environmental 
backgrounds. Materials and Methods: In each country, a random sample of approximately 
600 men aged 40 to 70 were interviewed about medical history, lifestyle habits, and sexual 
behavior using a standardized questionnaire (Oct 1997-June 1998). ED was classified by 
how often the subject had the 'ability to attain and maintain an erection satisfactory for sexual 
intercourse.* Men were classified as normal if the response was "a'ways" or "usually* and as 
having ED if it was ’sometimes" or 'never.' Men who reported ever having received a 
diagnosis of diabetes or taking medications for diabetes were classified as ’diabeb'c." Men 
with no diagnosis of cardiovascular disease, prostate disease, diabetes, ulcer, or depression, 
nor taking hormones, were classified as 'healthy.* Age-adjusted odds ratio (OR) and 95% 
confidence intervals (Cl) were calculated for the bivariate associations between ED and other 
factors. Results: The preva’ence of ED among diabetic men rose from 25% at age 4044 to 
70% at age 65-70. The age-adjusted OR for ED in diabetic patients vs. healthy men was 2.6 
(95% 0=1.9-3.6). Prevalence of ED was 16.1% in healthy men, 31.7% in 1M men with 
diabetes only (OR=2.4,95% Cl= 1.6-3.7), 40% in 30 men with diabetes and heart disease 
(OR=3,5,95% 01=1.7-7.3), 46.5% in 71 men with diabetes and hypertension (OR=4.5,95% 
01=2.8-7.4), and 55.6% in 10 men with diabetes and prostate disease (OR=6.5,95% Cl=2.5- 
16.7). The age-adjusted OR for ED by duration of diabetes (>10 years vs. <10 years) was 2.0 
(95% 01=1.1-3.7). Diabetic men reporting current smoking and lower than average physical 
activity had a 4-fold increase in the preva'ence of ED (OR=3.9,95% 0=1.4-10.9). 
Conclusions: The preva'ence of ED in diabetic men is substantially higher than in healthy 
men the same age. Increasing age. duration of diabetes, presence of concomitant diseases, 
lack of physical activity, and smoking are significantly associated with this increased 
prevalence. Funding provided by Pfizer Inc. 
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Sildenafil la the treatment of erectile dysfunction in an outpatient population of men 
with type 1 and type 2 diabetes. Demand for treatment, eligibility and results of a 1Z 
week self reported flexible dose escalation study. 

L. Behrend, J. Vibe-Pctersen and 1L Perrild. Internal Medical Department, Bispebjerg 
Hospital, Copenhagen, Denmark. 

Background and Aims: Erectile dysfunction (ED) is increased in both type I and type 2 
diabetes, especially after age 40. Sildenafil (Viagra) is an effective oral agent for the 
treatment of ED irrespective of etiology, but its use and efficacy in ED in diabetes may be 
limited by late onset complications. The aim of this study was to describe the demand for 
treatment, eligibility of patients and results of a 12 week selfreported, flexible dose 
escalation study in an outpatient population. 

Materials and Methods: Patient journals of an outpatient population of 187 men over the 
age of 40 with either type 1 or type 2 diabetes complaining of erectile dysfunction, were 
evaluated by a diabetologist, followed by written invitation of 118 patients and subsequent 
screening of 55 patients for treatment with Sildenafil in a 12 week open-label, flexible 
dose escalation study. Efficacy was assessed using the International Index of Erectile 
Function, a patient log and a general satisfaction questionnaire. 

Results: 69 patients (36,9%) were excluded by journal evaluation, primal exclusion 
criteria being cardiovascular disease and treatment with nitrates. 49 (41,5%) of the 118 
remaining patients approached for the study declined to participate, listing primarily age 
(44 ,954) and concommittant disease (28,6%) as reasons to decline. 33 patients, ages 45-75 
years (mean 58,l4/-7,2), completed the 12 week intervention. 12 patients (36,4%) reported 
side effects, but only 1 had to discontinue treatment 12 patients (36,4%) had satisfactory 
treatment effect every time they used Viagra after the initial doscadjustment, 9 patients 
(27,2%) had varied effect, and the remaining 12 patients (36,4%) had no treatment effect 
at all. The following scores were significantly improved during treatment with Sildenafil 
(p<0,0001): erectile function, intercourse satisfaction and overall satisfaction. 

Conclusions: Sildenafil significantly improved sexual function in men with type 1 or type 
2 diabetes and erectile dysfunction, as measured by a validated instrument, that a dr esses 
the relevant domains of male sexual function. As expected in a population of men over the 
age of 40 with diabetes, a large number of patients had to be excluded beforehand or at 
screening, primarily due to late onset complications, and a considerable group of patients 
had no treatment effect As such. Sildenafil is no'cure all’, and patient and partner 
counseling, including alternative treatment possibilities, is still much needed in the 
outpatient setting. 
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STRATIFYING TYPE 2 DIADETIC PATIENTS AT RISK OF ERECTILE 
DYSFUNCTION. 

G. Dc Bcrardis, F. Pellegrini, M. Franciosi, M.Belfiglio.A. Nicolucci and the QuED 
Study Group. Consorzio Mario Negri Sud, S.Maria Imbaro (Ch). 

Background and Aims: In the framework of a nation-wide outcomes research 
program in type 2 diabetes, we estimated the prevalence of self-reported erectile 
dysfunction (ED) and identified subgroups of patients for whom the interaction among 
the different factors determined a substantial increase in the risk of FD. 

Materials and Methods: The study involved 1460 patients enrolled by 114 Diabetes 
Outpatients Clinics and 112 General Practitioners. Patients were asked to fill in a 
questionnaire investigating their ability to achieve and maintain an erection. Clinical 
information was collected by the participating physicians. CES-D scale was also used 
to detect depressive symptoms. The main results were obtained by using a tree- 
growing technique (RECuxsive Partitioning and AMalgamation - RECPAM), that 
permits to identify homogeneous and distinct subgroups expressing a different ED risk. 
Results: Overall, 34% of patients referred erectile problems. The RECPAM algorithm 
led to the identification of seven ED risk classes. The most important variable in 
discriminating ED risk was represented by diabetes treatment: patients on diet alone 
showed the lowest probability of ED (prevalence of 19%) and represented the 
reference category. The subgroup of patients treated with insulin and affected by 
neuropathy showed the highest risk, with a prevalence of 65% (OR=7.2; 95% Cl 3.9- 
13.2). Among subjects managed with oral agents, levels of risk differed in relation to 
the presence of depressive symptoms, smoking and cardiovascular (CV) disease; ED 
prevalence was >40% in patients with depressive symptoms (OR=2.7; 95% Cl 1.8-3.9) 
and in current/past smokers with CV disease (OR=2.4; 95% Cl 1.5-3.8) while it did not 
differ from the reference category for non-smokers with no depressive symptoms 
(OR=l.l; 95% Cl 0.7-1.9). Patients* age, tested as continuous global variable, was 
correlated with ED risk (OR=1.05; 95% Cl 1.04-1.07). A final logistic regression also 
retained the presence of retinopathy (OR=l .6; 95% Cl 1.2-2.2) in the final model. 
Conclusions: Our data underline the interplay between clinical and psychological 
factors in determining the risk of ED and can be of help in identifying those patients 
for whom a much greater attention is needed in the detection of erectile problems. 
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What determines response or non-response to Viagra in diabetic erectile 
dysfunction? - is it vascular, neuropathic, hormonal or psychogenic factors, or is 
it severity? 

R.E.J. Ryder, M.M. Kitchen, J.A. Dewsbury, M G. Howells, P.G. Ryan, K.G. Taylor 
and S.L. Jones. Diabetic Unit, Department of PyschosexuaJ Medicine and 
Department of Urology, City Hospital, Birmingham, U.K. 

Background and Alms: Sildenafil (Viagra), a potent inhibitor of phosphodiesterase 
type 5, has proved an effective oral agent for some diabetic men with erectile 
dysfunction, but others do not respond. We aimed to use extensive assessments to 
identify whether any particular aetiological factors were associated with response or 
non-response to Viagra. 

Materiids and Methods: We undertook a randomised, double blind crossover study 
of Viagra (lOOmg) versus placebo in 31 married men with diabetes complaining of 
impotence; median age 54 (range 35-73) years, median duration of diabetes 9 (range 2 
32) years, median duration of impotence 4 (range 1-10) years. Prior to treatment 
patients underwent an extensive assessment for diabetic autonomic neuropathy 
(acetylcholine sweatspol test, pupil test (PD%), battery of five cardiovascular tests), 
for evidence of a vascular component (erectile response to 60 mg papaverine and 20 
pg alprostadil on separate occasions), for psychogenic factors (detailed assessment of 
patient, and where possible his wife, by a specialist in psychoscxual medicine), for 
severity of impotence (four grades) and for hormonal factors (testosterone, prolactin). 
Results: The results suggested the following aetiological factors: diabetic autonomic 
neuropathy in 16/31 (52%); probable vascular component in 9/31 (29%), possible 
vascular component in a further 19/31 (61%). psychogenic factors in 12/29 (41%), 
depression in 3/31 (1054); testosterone below 11 nmol/1 in 12/26 (46%). There were 
13 responders to Viagra, 5 partial responders, 11 non-responders and 2 dropouts. 
Diabetic autonomic neuropathy, evidence of a vascular component, low testosterone 
and psychogenic factors were equally distributed amongst the responders and non 
responders, as were duration and severity of erectile dysfunction. All three patients 
with clinical depression were non responders. 

Conclusions: Apart from noting that all 3 patients with clinical depression were 
Viagra non responders, in our study using extensive investigations, none of the classic 
factors contributing to diabetic impotence, nor duration or severity of the impotence, 
seemed to identify response or non-response to Viagra. 
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THE EFFECT OF AS-NEEDED IC351 TREATMENT OF ERECTILE 
DYSFUNCTION IN MEN WITH DIABETES 
I Sicnz de Tejada 1 , J Emmick 2 , G Anglin 1 . P Fredlund 4 , and W Pullman 2 . 

'Hospital Ramon y Cajal, Madrid, Spain; *Eli Lilly and Co, Indianapolis, USA; 

*Eli Lilly, Scarborough, Ontario, Canada; 4 ICOS Corp, Bothell, USA. 

BACKGROUND AND AIMS: IC351 is a potent and selective inhibitor of 
phosphodiesterase type 5. The purpose of this multiccntcr, double-blind, placebo- 
controlled study was to assess the efficacy and safety of IC351 taken as needed by 
diabetic men with mild-to-severe erectile dysfunction (ED). MATERIALS AND 
METHODS: Two hundred sixteen men (mean age: 56 years) with mild-to-severe 
ED and diabetes (type 1 or 2) were enrolled. Baseline (BL) Internationa] Index of 
Erectile Function (IIEF) scores and Sexual Encounter Profile (SEP) diary 
information were collected during a 4-week treatment-free run-in period. Patients 
were randomized to receive placebo (PBO) or 1C351 10 or 20 mg for 12 weeks. 
Endpoints included the percentage of “yes” responses to a global assessment 
question (GAQ), and the change from BL in IIEF Erectile Function domain scores 
and SEP diary data. RESULTS: IC351 10 and 20 mg were superior to placebo in 
the percentage of “yes” responses to GAQ (IC351 10 mg [56%] and 20 mg [64%], 
versus PBO [25®o]; /* <0.001). Both doses of IC351 significantly improved IIEF 
Erectile Function domain scores when compared w ith PBO (change from BL: 1C351 
10 mg [6.4j and 20 mg 17.3], versus PBO [0.1]; P <0.001). In addition, 1C351 10 
and 20 mg improved erectile function (IIEF Erectile Function domain) and 
successful intercourse attempts (SEP Questions 2 and 3) in a greater percentage of 
diabetic patients than PBO. IC351 10 and 20 mg were generally well tolerated. 
There were no treatment-related changes in lab values, ECG, or vital signs. Most 
adverse events were mild to moderate in intensity. The most common treatment- 
related adverse events occurring in more than 5% of 1C351-trcated patients were 
dyspepsia and headache, which were mild to moderate in intensity. 
CONCLUSION: In this study, IC351 10 and 20 mg demonstrated superiority to 
PBO when administered as needed for the treatment of mild-to-severe ED in diabetic 
men and was well tolerated. 
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a-LIPOIC ACID IN TREATMENT OF DIABETIC ERECTILE 
DYSFUNCTION IN PATIENTS WITH TYPE 2 DIABETES MF.II.miS 

V.O. Scrhiyenko, A. A. Scrhiyenko, A-MUrbanovich and L.M. Scrhiyenko. 
Department of Endocrinology & Clinical Pharmacology, Lviv Medical University, 
Lviv, Ukraine 

Background and Aims: Erectile dysfunction (ED) is a common problem amongst 
men with Type 2 diabetes mellitus. The present study has examined the effect of a- 
lipoic acid (LA, the lipophilic free radicals 'cleaner") on the warm temperature 
discrimination threshold (TDT) in feet, vibration perception threshold on the great toe 
(VPT), ankle brachial pressure index (ABPI), heart rate variability (HRV), QTc 
parameters and standard cardiovascular autonomic tests in Type 2 diabetes mellitus 
with ED. Materials and Methods: 78 patients (56±7 years) were allocated in two 
treatment groups. All patients were randomized to receive either a daily intra venous 
(2 weeks) and then per os dose of 600 mg LA (n=47) or placebo (n=»31) during 2 
months. Parameters were observed at baseline state and at the end of 2 month period. 
Results: All patients with ED had reduced HRV, abnormal cardiovascular autonomic 
tests (Ewing's score K) f 7, total score 9 1,0); QTc prolongation, higher the mean TDT 
(8,7o c, p<0,001), abnormal VPT and normal parameters of the ABPI. After 2 months 
of treatment there was a VPT parameters, root mean square of succesive difference 
(RMSSD, r=0,6i, p<0,05) and low frequency band, (LF, 1*0,83, pO.OOl) parameters 
w ere increased, TDT (5,2o c, p<0,001) and QTc parameters (r=0,90, p<l,001) were 
decreased significantly in patients from 1st group. Also, we observed more significant 
improvment of cardiovascular autonomic tests. Efficiency of LA was also valued in 
agreement with questions, shown in International Index of Erectile Function. After 2 
months treatment course with LA, 79,8 % of the patients have answered positively to 
the question: "Did treatment improve your erection ?\ The general index in the 1-st 
group, including the answer to a question about achieving and maintaining of an 
erection, has appeared considerably higher (p<0,01). Conclusions: ED is strongly 
associated with CAN. LA may be used for treatment of erectile dysfunction in 
patients with Type 2 diabetes mellitus. 
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Which is the more effective in incorporeal agent for diabetic erectile dysfunction - 
6Gmg papaverine or 20pg prostaglandin El (atprosladil)? 

A D. KamafM.G. Howells, M.M. Kitchen, J.A. Dewsbury, P.G. Ryan, R.F. Femcr, R.E.J. 
Ryder. Department of Diabetes, Urology, Pyschosexual Medicine and Clinical 
Therapeutics, City Hospital, Birmingham, U.K- 

Background and Aims: Despite the emergence of sildenafil (Viagra) as an orally active 
agent for diabetic erectile dysfunction, there remain many patients who do not respond to 
this agent or for whom there are contraindications such as nitrate treatment for ischaemic 
heart disease. Self-injected intracorporeal vasoactive agents remain an important part of 
the therapeutic armamentarium. The direct acting smooth muscle relaxant papaverine was 
the original agent used. It is cheap and has had extensive clinical use despite not having 
marketing authorisation. Prostaglandin El (alprostadil) is a newer vasoactive agent; it has 
marketing authorisation, but it is also more expensive than papaverine. It is therefore 
important to know if there is a therapeutic difference between the two agents. We aimed to 
compare die efficacy of alprostadil (Caverject) with papaverine sulphate in diabetic men 
with impotence. 

Materials and Methods: 30 married men with diabetes complaining of impotence were 
recruited to the study. The mean age wus 54 years (range 35-73), duration of diabetes 9 yrs 
(range 2-32), and duration of impotence 4>ts (range 1-10). All patients had the 
intracorporeal injection of alprostadil and papaverine on separate days in random order. 
The response to the medication was graded from grade 0 (no reaction) to grade 3 (full 
erection). For papaverine the dose used was 60mg (30mg followed by a further 30mg 15 
minutes later) and for alprostadil the dose was 20pg (lOpg followed by a further lOpg 15 
minutes later). 

Results: Only 3/30 (10%) patients had a full erection (grade 3) response to papaverine 
whereas 13/30 (43%) had a full erection following alprostadil. 2/30 (7%) had no response 
(grade 0) to papaverine whereas there were no patients with a grade 0 response to 
alprostadil. The other grades of response, papaverine versus alprostadil, were grade 2, 
17/30 (60%) versus 12/30 (40%); grade 1, 7/30 (23%) versus 12/30 (40%). Thus patients 
had a significantly greater erectile response with alprostadil than with papaverine. The 
median difference in scores was 0.5 (95% Cl 0 to 1.0), P-=O.007. 

Conclusions: The erectile response to 20pg of alprostadil in diabetic men with impotence 
is significantly greater than that to 60mg papaverine. Though alprostadil is more expensive 
than papaverine, it does have marketing authorisation and as it also appears from our study 
to be more effective, it is probably the preferred agent for clinical use. 
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IC351 ENHANCES NITRIC OXIDE-MEDIATED RELAXATION OF HUMAN 
ARTERIAL AND TRABECULAR PENILE SMOOTH MUSCLE 
J Angulo 1 , M Gadau 2 , A Fernandez 1 , S Gabancho 1 , P Cuevas’, T Martins 2 , V Florio 2 , K 
Ferguson 2 , and I SScnz de Tejada*. ’Fundacion para la Investigaci6n y el Desarrollo 
en Andrologia, Hospital Ram6n y Cajal, Madrid, Spain; 2 ICOS Corporation, Bothell, 
USA. Funding for this study provided by Lilly ICOS LLC. 

BACKGROUND AND AIMS: The nitric oxide/cyclic GMP (NO.'cGMP) pathway is 
central to the neurogenic relaxation of penile smooth muscle needed to achieve and 
maintain erection. Inhibition of cGMP degradation by inhibiting phosphodiesterase 
type 5 (PDE5) activity is a target for treatment of erectile dysfunction (ED). This study 
evaluated the selectivity of the novel PDE5 inhibitor 1C351. In addition, its effect on 
NO-mediaied relaxation, and cGMP accumulation in human trabecular penile smooth 
muscle was assessed. MATERIALS AND METHODS: IC351 selectivity for various 
human PDEs was determined using human recombinant PDEs 1A-C, 2,3A-B, 4A-D, 
5,7-10, and of PDE6 from human retinas, using in vitro PDE assay. Human corpora 
cavernosa tissues w ere collected from men with ED during penile prosthesis 
implantation. Penile arteries from these tissues were mounted on Halpem-MuJvany 
myographs. Strips of cavernosal smooth muscle were placed in organ baths. Sodium 
nitroprusside was used to directly activate the endogenous guanylyl cyclase. Transmur¬ 
al electrical stimulation (0.5-12.0 Hz) was used to evaluate neurogenic relaxation of 
trabecular smooth muscle. RESULTS: IC351 potently and selectively inhibited PDES 
activity. In comparison to 1C351’$ inhibition of PDE5 (ICjo 0.9 nM), a 780-fold higher 
concentration of the compound is needed to inhibit the retinal enzy me PDE6 (IC 50 730 
nM). Still greater concentrations of IC351 are needed to obtain any appreciable 
inhibition of other human PDEs (PDE 1-4, 7-10, >9000-fold). Neurogenic relaxation of 
trabecular smooth muscle was enhanced by IC351 (30 nM), producing a significant 
increase of maximum relaxation to nitrergic nerv e stimulation (67.4 ± 10.8% versus 
42.4±8.2% at 6 Hz). 1C351 treatment (30 nM) produced a significant potentiation of 
cGMP accumulation produced by sodium nitroprusside (l fiM) in human cavernosa! 
tissue (cGMP; 0.99*0.18 versus 0.47±0.12 pmoL’mg protein, n=6). IC351 also 
potentiated the relaxation of penile smooth muscle induced by acetylcholine. 
CONCLUSIONS: In this study, IC351 demonstrated potent and selective inhibition of 
PDE5. IC351 potentiated responses mediated by exogenous and endogenous sources of 
NO in human penile smooth muscle by promoting cGMP accumulation. IC35I is 
presently being evaluated as an oral therapy for ED. 
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A METABOLIC MODEL OF RAT SCIATIC NERVE SORBITOL. 

P.J. Oates, C.A. Ellery, J.B. Coutcher and D.A. Beebe. Dept. Metabolic Diseases, 
Pfizer Global Research and Development, Groton, USA 

Background ind Alms: Sorbitol is produced by aldose reductase (AR) and 
consumed by sorbitol dehydrogenase (SDH). Reduction of nerve sorbitol has been 
used as a key endpoint to assess inhibition of nerve AR in patients with diabetic 
neuropathy. We aimed to create and evaluate a model of nerve sorbitol, [S]„, to 
define its dependence on AR inhibition. Materials and Methods: At steady-state in 
a single compartment where coenzyme concentrations are not rate limiting, (1): 

[S]„ = (K^k AR [AR][G]J/(ks D1 ,[SDH]K rt: 4k SDH [SDH](G]„-k A ,[ARJ[G] u ) 

where, respectively, K„g and Kms arc Michaelis constants of AR for glucose 
and of SDH for sorbitol, k A , and k SD H arc catalytic rate constants, [AR], 
[SDH] and [G] u are tissue concentrations of AR, SDH, and (straight-chain) 
glucose. [AR] and [SDH] in homogenates of sciatic nerve from normal and 
streptozocin-diabetic rats were measured on Western blots with antisera 
raised to human rAR and rSDH. Enzyme kinetic constants of rat rAR and 
rSDII were determined at 37°C and pH 7.1 by standard methods. Values for 
[G]„ and [S]„ were taken from literature. Results: [AR] and [SDH] in 
normal and diabetic nerves were similar and were pooled: [AR], 9.1 ±2.7 pM 
(16); [SDH], 1.5±0.8 pM (13). K m and k., : for straight-chain glucose with 
AR: 4.9 pM and 32.7 min ', respectively. K m and k,,. for sorbitol with SDH: 
1.6 mil and 104 min' 1 , respectively. Calculation of [S]„ from (1) with the 
assumption that [AR]/[SDH] activity = 24 gave a good fit of published data 
(R - 0.9). Of particular note, the relationship between [S]„ and [AR] was 
nonlinear at [AR]/[SDH] ratios greater than 10. Conclusions: These results 
suggest that a high degree of inhibition of sorbitol, i.c., >95%, corresponds 
to a similar degree of AR inhibition, but lesser reductions in [S]„, e.g., 
-80%, may overestimate the extent of neural AR inhibition. 
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EFFECT OF CERIVASTATIN ON NERVE DYSFUNCTION IN DIABETIC 
RATS. 

Behar A, F. Cohen-Boulakia, R. Lestrade, F. Barouki, H. Bischoff, and P. Valensi. 
Laboratory of Biophysics, Paris 6 University. Laboratory of Nutrition and 
Metabolic diseases, Paris 13 University - Bayer Pharma, France. 

Background and aim: We have shown that in diabetic rats, cerivastatin may 
prevent the increase of capillary filtration of albumin. The aim was to study the 
effect of cerivastatin on motor and sensory nerve conduction velocities (MCV and 
SCV) and duration of the sensory nerve potential in rats with STZ-induced diabetes. 
Material and methods: 40 STZ rats aged 82 ± 6 days were randomised in 2 
groups, one treated by cerivastatin (group T), the other untreated (group U). The 
electrophysiological measurements were repeated twice ; at mean age of 3 months, 
before treatment (TO) and after 5 months of treatment (Tl). ResultsA TO, in 
diabetic animals, MCV and SCV and duration of the sensory nerve potential did not 
differ significantly from control animals : respectively 41.4 ± 0_5 m/s vs 42.2 ± 0.8 
m/s ; 54.1 ± 0.6 m/s vs 54.2 ± 1 m/s ; and 2.7 ± 0.03 s vd 2.5 ± 0.01s. At Tl, MNV 
w-as 45.2 ± 1.4, 47.2 ±1.1 and 51.1 ± 0.8 m/s respectively in group U, T and in 
controls, SNV was 60.4 ± 1.4, 62.1 ±1.6 and 64.4 ± 0.7 m/s respectively; duration 
of the sensory nerve potential was 2.6 ± 0.07, 2.4 ± 0.05 and 2.3 ± 0.08 s 
respectively. The three parameters differed significantly between group U and 
controls (p <0.01) but not between group T and controls. Conclusion: This 
preliminary study suggests a beneficial effect of cerivastatin in the protection 
against diabetic injury of large fibers. This effect, associated with the 
microcirculatory effect, plays fer a role of cerivastatin in endothelial and nerve 
function protection in diabetes. 
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EFFECT OF NICOTINAMIDE AND N1COTLNOVL-GABA ON BRAIN GABA- 
BF.N70DIAZEPINE COMPLEX LN STREPTOZOTOCTN-LN'DUCED DIABETES 

T.Kuchmerovska, A.Fomenko, I.Shymansky, G.Donchenko, S.Stepanenko, 
N.Kuchmerovsky, A.V.Palladin Institute of Biochemistry, Kyiv, Ukraine 

B ackcround and Aims . For a better understanding of biochemical mechanisms 
underlying diabetic encephalopathy the present study was designed to investigate the 
functional state of brain GABA-bcnzodiazepinc complex in diabetes and elucidate how 
NAm and nicoiino>l-GABA(pycami!on, P) may potentially regulate its functioning. 
Ma terial and Methods, All studies were carried out after four weeks of STZ-induced 
diabetes in rats treated with or without NAm or P (200 mg/kg daily, injected i.p. for 10 
days). Brain synaptosomes and synaptic membranes were obtained by stepwise 
ultncenlrifugation in a sucrose gradient. Specific binding of ligands was assessed by 
radio-ligand assay. Results. Studies of [U- M CJGABA uptake by brain synaptosomes 
have demonstrated its elevation by 60% in STZ-diabetic rats as compared to control. 
GABA uptake was normalized after P administration and slightly decreased after NAm 
treatment. To evaluate the functional state of GABA receptors a pharmacologically 
active GABA analogue muscimol was used. The findings have shown twofold 
lowering effect of diabetes on I’HJmuscimol specific binding by brain synaptic 
membranes. P exerted negligible stimulating effect on this parameter, whereas effect of 
NAm administration was statistically insignificant. Despite the impairment of 
inhibitory function of GABA-ergic system in diabetes a crucial activation of 
benzodiazepine receptors was determined as it was shown a threefold increase in 
binding of [ 5 H]flunitrazepam by synaptic membranes. Exposure of synaptic 
membranes to exogenous lO^M GABA (in vitro studies) resulted in a marked 
elevation of [ J H]nunilrazcpam specific binding in control but had no influence in 
diabetes. These results are in line with assumption that diabetes-induced alterations 
exists in coupling GABA and benzodiazepine receptors that might be accompanied by 
changes in conformational state of this membrane-bound complex. Both P and to a less 
extent NAm treatment resulted in a reduction of a number of benzodiazepine binding 
sites that led to normalization of [’ityflunitrazepam specific binding. In contrast with * 
diabetes, exogenous GABA has activated benzodiazepine receptors in membranes 
obtained from treated rats. Conclusions. Our study suggests that NAm and especially P 
play a role in improving the functioning of brain GABA-bcnzodiazepine complex 
impaired in diabetes through specific ligand-mediated mechanism and can be useful in 
the management of diabetes-associated brain failures. 
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CHANGES IN CALCIUM SIGNALLING IN RAT NOCICF.PTIVE NEURONS 
DURING EXPERIMENTALLY-INDUCED DLVBETES 
E.Kostvuk. I.Kruglikov. V.SltisIikin, N. Voilcnko, A.Efimov and P.Kostyuk 
Instuitute of Endocrinology and Bogomolctz Institute of Physiology, Kiev.Ukrainc 
Background and Aims. Alterations in Ca : * signalling responsible for synaptic 
transmission of nociceptive volleys may be one of the mcclianisms leading to 
neuropathic complications; therefore the possibility of such dianges were studied in 
nociceptive sensory neurons of rats with experinnentally-induced diabetes mellitus 
Materials and Methods. Control and strcptozotocin-trcatcd diabetic rats with serum 
glucose level of 16-25 mM were used. Ca 2 ’ transients evoked by high-potassium 
depolarization were measured fluoromctrically in primary nociceptive neurons 
isolated from dorsal root ganglia and secondary' neurons from spinal dorsal horn. 
Results. Ca 2f transients induced in these neurons by membrane depolarization did not 
reveal substantial difference in their peak amplitudes in control and diabetic 
conditions. However, a definite prolongation of the decay phase of transients was 
observed in diabetic conditions. The residual [Ca 2 *l, elevation measured 60 sec after 
termination of depolarization reached in primary neurons 17.7±2.9% of the peak value 
compared with 6.8iO,8% in control, and in secondary neurons 14.1±i.2% compared 
with 2.8±0.5% in control. To analyze the mcclianisms of these changes, alterations in 
the Ca 2 *-accumulating function of endoplasmic reticulum and mitochondria were 
analyzed. In control primary nociceptive neurons no Ca 2 * uptake by ryanodine- or 
InsPj-scnsitive stores could be revealed, and in tliis case only release of Ca 2 * from 
mitochondria could be responsible for prolongation of the calcium signal. Suitching- 
of mitochondrial Ca 2 * accumulation by CCCP abolished such prolongation. In 
secondary - nociceptive neurons effective Ca 2 * uptake by the reticulum was present, but 
in diabetic conditions substantially decreased: application of caffeine increased [Ca 2f ], 
by only 41 ±9 nM compared with 268±29 nM in control, P<0.01. Tlius in (his case the 
failure of both endoplasmic reticulum and mitochondria may participate in the 
retardation of Ca 2 * elimination from the cytosol. 

Conclusions. Substantial prolongation of calcium transients induced by excitation of 
nociceptive neurons is a regular sequence of diabetic hyperglycemia and in fact may 
be the reason for ncuropailiic potentiation of synaptic transmission of pain signals. 

The work was funded by grants from Juvenile Diabetes Found. Intcmat. 1-2000-31 
and INTAS-99-019I5 and approved by Bogom.Inst. Clinic of Animal Care and Use. 
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SMALL FIBER NEUROPATHY LN IMPAIRED GLUCOSE TOLERANT GK- 
RATS 

Murakawa Yl, Zhar.g Wl, BrismarT2, Ostenson CG2, Efendic S2, Sima AAF1. 

1 Wayne State University, Detroit, MI 48201 USA. 

2KaroIinska Institute, Stockholm, Sweden. 

Background and Aims: Differences between diabetic neuropathy (DM) in the two 
types of diabetes have been reported, suggesting that factors in addition to 
hyperglycemia are involved in hs pathogenesis. 

Materials and Methods: In this study, the functional and structural neuropathy was 
examined in 18 mo impaired glucose tolerant (IGT) GK-rats and 18mo control. 
Results: GK rats showed decreased body weight (454 ±31 vs 627 ± 80 g; p<0.001), 
increased blood glucose levels (4.4*1.3 vs 3.2±0.4 mmol/1, p<0.02) and impaired 
glucose tolerance (p<0.001). IGT rats showed decreased nerve conduction velocity 
(49.8*5.1 vs 61.814.9 m/sec; p<0 001). Sural nerve morphometry showed increased 
fascicular area (p<0.01), normal fiber number (N.S) and decreased fiber density 
(p<0.001), indicating endoneurial edema. Myelinated fiber parameters showed 
decreased axon/myelin ratio (p<0.05), normal mean axonal area (N.S), increased 
mean fiber area (p<0.001) and myelin area (p<0.01). These data suggest that small 
myelinated fibers are preferentially affected with preservation of large myelinated 
fibers. This was confirmed by fiber size distribution histograms which showed a 
significant relative increase in fibers>45 pm2 in diabetic rats (42.6*2.9 vs 29.8*3.8%; 

p<0.001). 

Conclusions: These findings differ from those in type 1 or type 2 diabetic neuropathy 
(STZ-, BBAV-, and BB/Z-rats), which are characterized by fiber loss (STZ- and 
BB/W-rats) and axonal atrophy affecting all fiber categories and lack of endoneurial 
edema in the chronic stage of neuropathy. These findings are consistent with those in 
IGT humans. We conclude that long-term IGT affects selectively small myelinated 
fibers, rather than all fiber categories. 


1140 

MOLECULAR PATHOLOGY OF THE NODE OF RANVIER IN TYPE I 
DIABETIC NEUROPATHY: A ROLE FOR INSULIN AND C-PEPTIDE 
DEFICIENCIES? 

A. Sima 1 , W. Zhang 1 , Y. Murakawa 1 , J. Wahren 2 , C. Pierson 1 . Detroit, MI 1 ; 
Stockholm, Sweden 2 . 

Background and aims: C-peptidc replacement in type I BBAV-rats prevents the 
metabolic and chronic structural changes of the node of Ranvier. Nodal integrity 
depends on specialized molecules including ankyrinG and caspr. AnkyrinG interacts 
with Na+ channels, Na+K+-ATPase, LI and NCAM sequestering them to the node. 
Caspr localizes to the axoglial junctions responsible for the specializations at the 
node. The insulin receptor (IR) is localized to paranodal membranes, suggesting that 
insulin signaling is critical to nodal activity. In addition, insulin signaling is 
potentiated by C peptide. In vitro studies suggest an interaction between caspr and 
PI3K via a SH3 domain. We hypothesize that these molecules are altered in type I 
neuropathy and that insulin and/or C peptide deficiencies underlie these changes. 
Materials and methods: Sciatic nerves from 2 and 8 mo type I BB/Wor-rats, C- 
peptide treated and control rats were used for RT-PCR, immunoblotting and 
immune histochemistry. Human neuroblastoma cells were used for 
immunoprecipitaiion studies. Results: Immunoblotting (sciatic nerve) and semi- 
quantirathe RT-PCR (DRG) revealed no differences in ankyrinG and its associated 
molecules between control; C peptide treated (75ng/kg/d), and untreated diabetic 
BBAV-rats at 2 and 8 mo. AnkyrinG is post-translationally modified by O-linkcd N- 
accty lglucosamine (O-GlcNAc). Immunoprecipitaiion of ankyrinG in SH-SY5Y cells 
treated with C peptide (3.3nM), insulin (4.0nM), or both for 2 hr. showed increased 
O-GlcNAc modification of ankyrinG with insulin only. Cells exposed for 20 hr 
showed decreased O-GlcNAc modification by insulin alone but was enhanced with C 
peptide. Therefore, C peptide potentiates the effect of insulin long term (20 hr) but 
blunts its effects short term (2 hr). Immunoblotting (sciatic nerve) and semi- 
quantitativc RT-PCR (DRG) rev ealed no difference in the expression level of caspr at 
2 mo. At 8 mo caspr protein expression was decreased in diabetics but increased in C 
peptide treated animals. Immunohistochemical studies showed that caspr is laterally 
displaced from the parnnodc in diabetic rats at 2 mo, w hich is prevented by C peptide. 
Conclusions: These findings suggest that localization and post-translational 
modifications may be more important than alterations in the expression of these nodal 
molecules in type I diabetic neuropathy. 
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Effects of rosuvasUtin on small nerve fibre function, ganglion Mood flow and 
endothelium-dependent relaxation in diabetic rats. 

M R. Nangle, M E. Inkster, M.A. Cotter and N.E. Cameron. Biomedical Sciences, 
Aberdeen University, Scotland UK 

Background and Aims: Impaired nerve perfusion contributes to the aetiology of diabetic 
neuropathy and elevated blood lipids are a neural and vascular risk factor. In a previous 
study, we demonstrated beneficial effects of the potent statin, rosuvastatin (AstraZeneca), 
on large myelinated nerve fibre function in experimental diabetes. The aim was to extend 
this analysts to small nerve fibre function, ganglionic perfusion and endothelial vasodilator 
function. Materials and Methods: Diabetes was induced by streplozotocin (45 mg/kg) in 
mature male Spraguc-Dawley rats. After 4 weeks, corpus cavemosum and mesenteric 
vascular beds were removed for in vitro study. In separate groups of rats, studied after 6-8 
weeks of diabetes, pain fibre-mediated dysfunction was estimated using a behavioural test 
for thermal (plantar test) hyperalgesia. In final experiments, under butabarbital 
anaesthesia, superior cervical ganglion blood flow was estimated by hydrogen-clearance 
microcfectrode polarography. In treated diabetic groups, rosuvastatin (20 mg/kg p.o.) was 
given preventively or in an intervention study for 2 weeks after 6 weeks of untreated 
diabetes Results: Adrenergic nerve-mediated contraction of corpus cavemosum was 48.6 
± 6.6% reduced (p<0.001) by 4 weeks of diabetes. Rosuvastatin treatment attenuated this 
deficit by 71.2 * 12.4% (p< 0.01). Nitrergic nerve-mediated relaxation of phenylephrine- 
precontracied corpus cavemosum was isolated in the presence of guanethidine and 
atropine. Diabetes caused 24.9 * 6.7% (pO.OOl) reduction in maximum relaxation and 
this was 69.8 * 22.6 % (p<0.02) prevented by rosuvastatin treatment Cumularive dose- 
response data from mesenteric vessels revealed an approximately 54% diabetic deficit 
(p<0.001) in acetylcholine-stimulated vasorelaxation mediated by endothelium-derived 
hypcrpolarizing factor, which was completely prevented (p<0.01) by rosuvastatin 
treatment A diabetic deficit (52.5 ± 3.1%) in superior cervical ganglion blood flow was 
96,7 ± 11.2% corrected (p<0.001) by 2 weeks rosuvastatin treatment Diabetic rats 
exhibited thermal hyperalgesia, evidenced by a 33.7 ± 3.4% (p<0.001) reduction in foot 
withdrawal latency to noxious stimulation, which was 86.7 * 15.7% (p <0.01) corrected 
rosuvastatin. Conclusions: Diabetes caused dysfunction of small autonomic and pain fibre 
systems, which was markedly attenuated by rosuvastatin treatment It is plausible that 
elevated neural blood flow consequent on improved endothelium-dependent relaxarion 
contributed to these beneficial effects, which could be the subject of fiirther investigation 
in mart 
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THE EFFECT OF C-PEPTIDE ON CELL PROLIFERATION AND 
APOPTOSIS IN HUMAN NEUROBLASTOMA CELLS 
ZHEN-GUO LI, WEIXIAN ZHANG AND ANDERS AF. SIMA Wayne State 
University, Detroit, Michigan USA 

Background and Aims: Previous studies have indicated that C-peptide has anti- 
apoptotic and neuroprotective functions in type 1 diabetic BBAV rats. In this study we 
examined the anti-apoptotic and mitogenic effect of C-peptide in human 
neuroblastoma SH-SY5Y cells and explored possible mechanism. 

Materials and Methods: SH-SY5Y cells were exposed to C-pcptide alone or in 
combination with insulin. Cell proliferation was monitored by an electric coulter 
counter and neurite outgrowth was measured by an image analysis system with 
image-pro plus 3.0 program. Apoptosis of SH-SY5Y cells were induced by high 
concentration of glucose and confirmed by DNA fragmentation. Immuoblotting (IB) 
and immunoprecipitaiion (IP) of the cell lysate w ere applied. 

Results: The increase in cell number (4 days) with C-peptide alone was: 164*9 
(±SD); 188*6; and 172*10% (p<0.001) for 1.0, 3.3 and 10 nM respectively. The 
combination of maximal C-pcptide and insulin doses significantly (225 fcI3%, p<0.05) 
increased cell proliferation over that of C-peptide alone. The average length of neurite 
outgrowth increased when C-peptide was added together with insulin (P<0.001). 
Upon addition of C-peptide to high glucose (150 or 300 mM) culture medium, the 
extent of apoptotic cells was reduced. IB and IP showed increased phosphorylation of 
insulin receptor (IR) and MAP kinase by C-peptide addition to insulin, indicating C- 
peptide enhances insulin activity and its downstream signaling. Increased p38 
phosphorylation and decreased JNK phosphorylation also was induced by C-peptide 
w hich may be involved in the IGF-I receptor (IGF-IR) mediated anti-apoptotic effect. 
Conclusion: C-peptide appears to have an insulin-like mitogenic effect on cell 
proliferation and neurite outgrowth in addition to anti-apototic effect in this in vitro 
system. These effects may be mediated by enhanced activity of the IGF-IR / IR 
signaling pathways. 
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RISK FACTORS ASSOCIATED WITH SYMPTOMATIC PERIPHERAL 
NEUROPATHY LV A DIABETES POPULATION IN TANZANIA: A 
CASE-CONTROL STUDY 

Z. G. Abbas, J. K. Lutale, and L. K. Archibald. MuhimbiJi University 
College of Health Sciences, Dares Salaam, Tanzania 
Back Ground: Although peripheral neuropathy (PN) remains a significant cause 
of morbidity in adult diabetes patients in sub-Saharan Africa, associated risk 
factors for PN in this patient population remain unknown. 

Aims: (1) To characterize the epidemiology of PN and (2) document risk factors 
for PN in an adult population attending the diabetes outpatients clinic at 
Muhimbili National Hospital, Dar es Salaam, Tanzania. 

Material and Methods: During 1/97-12/00 (study period), we conducted a case- 
control study. Non-selective, consecutive, adult diabetes patients were enrolled 
after informed consent. Detailed clinical and epidemiological data were recorded 
for each patient followed by a comprehensive physical examination. A case- 
patient was defined as any diabetes patient with symptom and/or signs of PN. 
Control-patients were randomly chosen diabetes patients with no history or 
clinical evidence of PN. 

Results: Two hundred patients met the case-definition and 206 control-patients 
were identified. Case-and control-patients were similar for region of residence, 
presence of micro- and macrovascular disease, alcohol use, or diabetes type. 
However, compared with control-patients, case-patients had significantly higher 
median duration of diabetes (188 vs 21 months, p <0.05), median age (54 vs 50 
years, p <0.001), or lower median body mass index (24 vs 27, p <0.001). On 
multivariate analysis, factors that were independently associated with PN included 
African race (p <0.001), male sex (p <0.001), duration of diabetes (p <0.001), 
tobacco intake (p <0.01), presence of a foot ulcer (p <0.05), or body mass index 
<30. On stratified analysis, the only independent risk factor for foot ulcers was 
type 1 diabetes (p <0.001). 

Conclusions: We have identified independent risk factors for PN and foot ulcers 
in an adult diabetes population in Tanzania. Patient management algorithms 
should reflect these factors. Initial preventive efforts should be targeted towards 
male smokers with type 1 diabetes and relatively low BMI 
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Peripheral neuropathy is associated with raised plasma triglyceride levels - 
Cross-sectional analysis of a diabetic clinic population. 

M. Spruce, R Guzder and D Coppini. Poole Diabetes Centre, Poole Hospital, UK. 

Background and Aims: The association between neuropathy and increased mortality 
in diabetes is well known. The causal association is however speculative and mainly 
linked to autonomic abnormalities. The main aim of this study was to try and identify 
possible metabolic abnormalities related to this complication 

Materials and Methods: The analysis was performed on all 1908 patients attending 
our clinics between 31.01.00 and 01.02.01The mean age of patients was 60.2 (SD+7- 
15.7) years and the mean duration of diabetes was 12.7 (SD+Y-12.7) years. Peripheral 
neuropathy was defined as a Toe VPT (Horwell Neurothesiometer) >25 volts. The 
following plasma metabolic measurements were studied using ANOVA and student's 
t test: Fasting glucose, glycated haemoglobin (HbAlc), total cholesterol, HDL 
cholesterol, LDL cholesterol, fasting triglycerides and creatinine. 

Results: 480 patients (25%) had a VPT>25 volts. These patients with neuropathy had 
higher triglyceride levels (2.16+/-1.4 mmol/L vs. 1.90+7-1.16 mmol/L, p<0.0001) and 
lower HDL cholesterol levels (1.18+7-0.38 mmol/L vs. 1.28+7-0.57 mmol/1, 
p=0.0002) than those with a VPT <25volts. Creatinine was also positively associated 
with peripheral neuropathy (116+7-67.5 vs 98.9+/-29.8, p<0.0001). Fasting glucose, 
HbAlc, Total cholesterol and LDL cholesterol showed no significant correlation with 
this complication (p values 0.27, 0.89, 0.62 and 0.63 respectively) 

Conclusions: This interesting observation may partly explain a causal association 
between neuropathy and increased cardiovascular risk related to raised triglyceride 
levels in diabetes. Hypertriglyceridaemia has been implicated as a cause of a distinct 
type of non-diabetic neuropathy and may also be contributory to the development of 
neuropathy in diabetic patients. 
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Increased Incidence of Diabetic Neuropathy on Smokers: The Sheffield 
Prospective Diabetes Study 

S.M. Rajbhandari, M.T. Dent, M.E. Plater, N.D. Harris, S. Tesfaye & J.D. Ward. 
Diabetes Research Unit, Royal Hallamshire Hospitaal, Sheffield, UK. 

Background and Aims: A number of macrovascular risk factors have been 
associated with the development of diabetic neuropathy (DN), however, the 
relationship of smoking to DN has not been clearly established within the context of a 
prospective study. The aim of Sheffield Prospective Diabetes study was to identify 
the early abnormalities of clinical, biochemical, neurophysiological and 
haemorrheological functions for the development of complications of type 1 diabetes. 
Materials and Methods: 66 newly diagnosed diabetes subjects (mean age 31 +/- 9 
(SD) duration (3 years +/- 2) were identified and followed up for 9 years. They had 
detailed smoking history and neurological assessment (symptoms and sign score, 
nerve conduction, vibration perception threshold, warm thermal discrimination 
threshold and cardiac autonomic function test) done at baseline and at follow up. 
Dyck’s criteria were used to define DN. 9 subjects who had high c-peptide and 10 
subjects who had neuropathy at baseline were excluded from the analysis. 

Results: 40 subjects (12 smokers and 28 non-smokers at baseline) were followed up 
at 9 years and 7 (17.5%) developed DN. Smokers at baseline were more likely to 
develop DN than non-smokers (41.6% vs 7.1%; p <0.0001) and this was significant 
after adjusting for the HbAlc. Cigarette smoking was associated with significant 
(p<0.05) reduction in sural nerve conduction and rise in vibration perception 
threshold. Smokers were also likely to develop microalbuminuria (p<0.0001) and 
there was a trend for the development of retinopathy (p=0.07). 

Conclusions: This prospective study which has carefully defined the presence and 
extent of neuriopathy, confirms that smoking is a significant risk factor for the 
development of DN suggesting a vascular aetiology. Diabetic subjects who smokes 
should be actively encouraged to stop this to prevent/reduce the likelihood of both 
macrovascular and microvascular complications. 
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CANDIDATE GENE POLYMORPHIC MARKERS AND ASSOCIATION 
WITH DIABETIC NEUROPATHY IN RUSSIAN IDDM PATIENTS 
E.V. Zotova 1 , I.A. Strokov 2 , D.A. Chistyakov 1 , I.I. Galeev 2 , A.S. Ametov 2 , and 
V.V. Nosikov 1 (1) National Research Centre “GosNII genetika", and (2) 
Russian Medical Academy of Post-Graduate Education, Moscow, Russia 

Background and Aims: In this research an association of diabetic neuropathy (DN) 
with polymorphic markers located within six candidate genes: catalase gene ( CAT) - 
Cl 1677 polymorphism, mitochondrial superoxide dismutase gene ( SOD2 ) - 
Ala(-9)Val polymorphism, extracellular superoxide dismutase gene ( SOD3 ) - 
Arg2J3Gly polymorphism, gluthatione peroxidase gene ( GPX1 ) - Pro 197Leu poly¬ 
morphism, neuronal NO synthase gene (A ’OS1) - polymorphic STR located at the 
exon 29 and aldose reductase gene (ALR2) - polymorphic STR located at the 5’- 
region, have been studied. Materials and Methods: To overcome probable 
predominance and masking effects of metabolic risk factors on DN phenotype 
expression, we have formed two groups of patients with type 1 diabetes: DN+ group 
(n=42) with the overt diabetic neuropathy and DN- group (n=87) in which all 
patients had no clinical neuropathy. To identify alleles of polymorphic markers we 
used PCR technique in combination with restriction endonuclease cleavage and gel 
electrophoresis. Results: We have not found statistically reliable differences in allele 
and genotype frequencies between DN+ and DN- groups in case of polymorphic 
markers of SOD2, GPX1 and ALR2 genes. In case of A 'OS1 gene the allele 16 and 
genoty pe 16/16 have been risk factors (OR = 1.45 and 2.34, respectively). In case of 
SOD3 gene Arg/Arg genotype was significantly higher (5.05 times) in DN+ group in 
comparison with DN- group {OR = 5.09). All these differences were statistically 
reliable (p < 0.05). The study of allele distributions of Cl1677 marker of CA7 gene 
have show n that the prevalence of the C allele was higher (1.3 times) and 7 allele 
was lower (1.8 times) in the DN+- group in comparison with DN- group and these 
differences were statistically reliable (p <0.05). Conclusions: Our data allow us to 
suppose that polymorphic markers of A 'OS1, SOD3 and CA7 genes can be associated 
with development of diabetic neuropathy among patients with type 1 diabetes in a 
Moscow population. 
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ASSESSMENT OF CEREBRAL METABOLISM IN VIVO L\ PATIENTS 
WITH TYPE 1 DIABETES MELLITUS 

B.N.Mankovsky 1 , Z.Z.Rozhkova 2 , V.ARogozin 2 , and O.E.Lipskaya 1 Institute of 
Endocrinology and Metabolism 1 , Kiev, Ukraine; Radiological Center AMS, Kiev, 
Ukraine 2 

Background and Aims: The brain's metabolism and functions could be affected in 
patients with diabetes mellitus. However, this complication of disease is commonly 
overlooked and there is no data regarding the cerebral metabolism assessed in vivo in 
diabetic patients. Therefore, the purpose of the study was to investigate cerebral 
metabolism in patients with long-term type 1 diabetes mellitus by in vivo magnetic 
resonance spectroscopy (MRS). 

Materials and Methods: We studied 12 diabetic patients (age: 29.3+8.0 years, 
diabetes duration: 12.6+3.50 years, HbAlc: 8.4+1.35%, mcan+SD) and 19 control 
subjects (age: 32.6+5.2 years). There were no clinical signs of overt cerebral disorders 
in subjects studied. The content of cerebral metabolites (N-acetylaspartate (NAA), 
total creatine (Cr) and choline-containing compounds (Cho) were measured in the 
gray matter of brain occipital region by 1H MRS using Magneton Vision Plus System. 
Selection of regions studied was made by T1 and T2*weighted images in the axial 
plan. Statistical analysis w-as performed by Student’s paired test. 

Results: We found significant decrease of NAA peak levels in brain in diabetic 
patients - 39.6+19.9 vs. 52.6+11.6 and 37.2+16.5 vs. 50.9+13.1 in diabetic and 
control subjects in left and right hemisphere, respectively, p<0.05. Moreover, it was 
decrease of cerebral Cr in left occipital region in patients with diabetes (17.3+9.2 vs. 
26.3+6.6, p<0.05) while the changes of Cr in right (20.7+15.1 vs. 27.6+10.7, p>0.05) 
and Cho in both hemispheres were not statistically significant. Furthermore, the traces 
of glucose and lactate in the brain were detected more frequently in diabetic patients 
compared to controls. 

Conclusions: The revealed changes of cerebral metabolites content could reflect the 
disturbances of brain's metabolism in patients with long-term diabetes and their 
clinical significance requires further investigation. 
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Morphological Validation of a Clinical Scoring System for Diabetic 
Polyneuropathy 

V. Bril, and B. A. Perkins. University Health Network, University of Toronto, 
Toronto, Canada 

Background and Aims: Clinical scoring systems for diabetic sensorimotor 
polyneuropathy (DSP) range from the simple to complex, and are commonly 
referenced to a gold standard which is integral to the scoring system. Recently, a 
clinical scoring system (CSS) independent of an electrophysiological gold standard 
was used to determine severity of DSP in a cohort of subjects enrolled in a study of 
simple screening tests for DSP. The CSS successfully stratified subjects into non- 
neuropathic, and mild, moderate and severe DSP groups. Although 
electrophysiological results correlate with clinical scores and morphological changes, 
it is unknown how well clinical scores correlate with morphological changes. We 
aimed to determine whether the Toronto CSS reflects the morphological severity of 
DSP as indicated by changes in fibre density (FD) on sural nerve biopsy. 

Materials and Methods: Ninety-six patients underwent comprehensive medical and 
neurological history and physical examinations; electrophysiological tests, 
quantitative vibration perception thresholds, and sural nerve biopsies. Application of 
the Toronto CSS determined a point value ranging from 0 to a maximum of 19 points 
for each subject. Correlations between the CSS value and myelinated FD were 
determined. Relationships between the FD and electrophysiological parameters were 
evaluated. 

Results: The total clinical score showed a significant inverse correlation with the 
sural nerve FD (R2=0.256, p<0.0001). The mean FD declined as the severity of CSS- 
defined DSP increased. Based on categorical HbAlC *8 compared to those >8, those 
with good control had a significantly lower (p= 0.0025) total clinical score compared 
to those with poor control. Electrophysiological parameters showed significant 
correlations with morphological changes. Sural nerve FD inversely correlated with an 
amplitude score (R2=0.4S1, p<0.0001) and a conduction velocity score (R2=0.515, 

p<0.0001). 

Conclusions: This study confirms the validity of the Toronto CSS in reflecting the 
presence and severity of DSP, and underscores the tight inter-relationships between 
clinical neuropathy, electrophysiological findings and morphological changes. The 
Toronto CSS may prove useful in documenting and following DSP in the clinic 
setting. 
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LAMININ LEVELS ARE REDUCED LN PROAPOPTOTIC SERA OF 
PATIENTS WITH DIABETIC NEUROPATHY. 

AI. Vinik, T. Erbas, KB. Stansberry, N. Burcus, and GL. Pittenger. Eastern Virginia 
Medical School, The Strelitz Diabetes Institutes, Norfolk, VA, USA. 

Background and Aims: Laminin (Lm) exerts a neuroprotective, antiapoptotic effect 
on neuronal cells (N1E-115 neuroblastoma) in culture exposed to toxic sera from 
patients with diabetic neuropathy (DN). We hypothesized that Lm levels would be 
low in patients with DN. 

Materials and Methods: In order to test this hypothesis, we studied serum Lm levels 
by ELISA in 27 neuropathic patients with type 2 diabetes mellitus, 20 patients with 
autoimmune neuropathies (AL\) and 15 healthy controls. 

Results: In sera of patients with DN, Lm was significantly lower than in patients with 
AIN (537.99+35.4 vs. 674.10+41.1 ng/ml, p^0.045), but not significantly lower than 
controls (634.10+23.9 ng/ml). There were no significant differences between DN 
patients and AIN patients regarding age, neuropathy duration, blood pressure, and the 
severity of neuropathy. HbAlc and BMI were significantly higher in type 2 diabetic 
patients than those patients with AIN. Lm levels showed an inverse correlation with 
BMI (r=-0.327, p=0.024) and fasting blood glucose (r=-0.412, p=0.05). Lm was also 
positively correlated with scores for motor symptoms (r=0.31, p=0.031), weakness 
(r=0.356, p=0.011), wasting (r=0.456, p=0.0009), reflexes (rO.429, p=0.0019), total 
motor (r=0.426, p=0.002), and total disability (r=0.337, p=0.016). Serum Lm 
concentration was also positively correlated with indices of neurotoxicity of sera in 
NlE-115 cell culture in diabetic patients (r=0.379, p=0.035). Lm levels in neuropathic 
patients with nontoxic sera were higher than in patients with toxic sera, but the 
difference bordered on statistical significance (659.18+46.2 vs. 564.60+30.6 ng/ml, 

p=0.082). 

Conclusions: The differences in serum Lm levels between diabetic and AIN are most 
likely related to differences in metabolic and autoimmune pathogenetic factors. The 
close correlation between motor disability score and Lm suggests that Lm may be 
important for the integrity of large, myelinated motor fibers. Furthermore, the 
reduction in Lm levels in DN as opposed to AIN suggests a specific role in the 
neuropathy of diabetes. DN may thus derive from impaired Lm-mediated integrin 
signaling and constitute a prospective therapy. 
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GLYCAEMIC EXCURSIONS AND PAINFUL DIABETIC PERIPHERAL 
NEUROPATHY 

S.O. Oyibo, Y.D.M. Prasad, N.J. Jackson, E.B. Jude, A.J.M. Boulton. Department of 
Diabetes and Medicine, Manchester Royal Infirmary, Manchester, UK. 

Background and Aims: Chronic sensory peripheral neuropathy affects 30% of type 1 
diabetic patient. Some patients have painful symptoms whilst a majority are 
asymptomatic. The mechanism by which these disabling symptoms occur is poorly 
understood and the treatment of symptoms is often less than adequate. The aim of this 
study was to examine the relationship between glycaemic excursions and painful 
symptoms in patients with painful peripheral neuropathy. 

Materials and Methods: Twenty type 1 diabetic patients with clinically significant 
peripheral neuropathy (10 painful and 10 painless) were asked to wear a MiniMed 
Continuous Glucose Monitoring System for three days. Patients with symptoms were 
asked to keep a record of painful episodes on a Visual Analogue Scale. We 
determined the Mean Amplitude of Glycaemic Excursions (MAGE), the M-value and 
percentage number of hypoglycacmic readings (<3.0 mmol/1) to assess glycaemic 
stability. 

Results: Patients were matched for (mean ± SD) age: 52.0 ±11.1 yrs; duration of 
diabetes: 24.8 ± 10.7 yrs; duration of neuropathy: 5.6 ± 2.6 yrs and number of glucose 
readings per 3-day period: 832 ± 87. The painful group had a greater mean glucose 
reading (12.1 ± 2.9 mmol/1 vs. 9.3 ± 1.9 mmol/L, p = 0.02) and a greater M-value 
(107.8 ±51.3 vs. 53.8 ± 31.1, p = 0.02), compared to the painless group. Additionally, 
the painful group showed a slight trend towards having more glycaemic excursions 
(5.0 vs. 3.0) and a greater percentage of hypoglycaemtc readings (4.1% vs. 3.2%) 
over the 3-day monitoring period, but this did not reach statistical significance. There 
was no difference in the MAGE between the painful and the painless group (4.7 ±1.9 
mmol/l vs. 5.0 ± 1.9 mmol/1, p = 0.6). In the painful group there was no significant 
correlation between the number of glycaemic excursions and the number of painful 
episodes. 

Conclusions: Diabetic patients with painful neuropathy have poorer diabetic control, 
greater blood glucose flux and possibly more hypoglycaemic episodes, when 
compared to patients with painless neuropathy. Therefore, strict glucose regulation to 
.improve glycaemic stability could be the best form of analgesia for painful diabetic 
neuropathy. 
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a-LTPOIC ACID ACCELERATES GALLBLADDER CONTRACTION 
ACTIVITY IN PATIENTS WITH DIABETIC CHOLECYSTOPARESIS 
S.M.Tkach 1 , O.P.Klimenko 2 , ‘institute of Endocrinology and Metabolism, Kyiv, 
2 Institutc of Pediatrics, Obstetrics and Gynecology, Kyiv, Ukraine 
Background and Aims: Reduced gallbladder contraction is one of the risk 
factors in cholesterol gallstones. Impaired gallbladder motility is associated with 
diabetic autonomic neuropathy, a-lip : acid has a positive effect on diabetic 
cardiovascular autonomic neuropathy. The aim was to estimate the efficacy of 
a-Iipoic acid in patients with diabetic cholecystoparesis. Subjects and 
Methods: Thirty four type 1 diabetic patients (age: 26.0±2.5 jts; mean±SEM) 
with diabetic autonomic neuropathy adequately controlled with insulin were 
randomly divided into two groups. Twenty patients received a-lipoic arid, 600 
mg once daily for 20 days. The other 14 sex and age matched patients 
represented the control group. We evaluated contraction activity of the 
gallbladder using real-time ultrasonography and function of autonomic nervous 
system by short-term spectral analysis of heart rate variability. Results: The 
patients treated with a-lipoic acid, unlike the control group, had a positive 
dynamics of clinical symptoms of gastrointestinal autonomic neuropathy and an 
increase in gallbladder ejection fraction at 30, 40, 60 min after egg yolk from 
14.2±9.7%, 32.9±7.3%, and 27.6±12.6%, before to, respectively, 43.3±7.6%, 
54.1±7.0%, and 64.816.6%, after treatment (P < 0.05). The residual 
gallbladder volume decreased from 20.414.4 cm 3 to 9.412.8 cm 3 (P < 0.05), 
versus control 20.416.4 cm 3 and 17.015.5 cm 3 (P > 0.1), respectively, 
before and after treatment. An increase in gallbladder motility after a-lipoic 
arid, in contrast to the control group, occurred with an increase in spectral 
power heart rate components: VLF - from 22.714.3 ms 3 to 87.2122.1 ms 3 
(P < 0.02), LF - 2.410.5 ms 3 to 9.012.7 ms 3 (P < 0.05), and a tendency to 
a rise in HF from 12.112.6 ms 3 to 27.117.2 ms 3 (0.05 <P<0.1). 
Conclusions: a-lipoic acid had a positive effect on the gallbladder 
contraction in patients with diabetic gastrointestinal autonomic neuropathy. 
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Type 2 diabetic subjects with ischaemic heart disease: Postprandial lipaesme 
hyperres ponders? 

M. Carstensen, Claus Thomsen and Kjeld Hermansen. Dept of Endocrinology & 
Medicine, Aarhus Amtssygehus, Aarhus University Hospital, Denmark. 

Background and Aims: Postprandial lipaemia seems to play an important role for the 
development of coronary heart disease through an elevation of triglyceride-rich 
lipoproteins, e g. chylomicrons (CM), very low density lipoproteins (VLDL), and remnant 
panicles. Our aim was to compare postprandial metabolic profiles in two groups of type-2 
diabetic patients, i.e. with and without ischaemic heart disease, respectively. 

Materials and Methods: 32 male type-2 diabetics were included in the study. We 
matched 17 cases with a verified history of acute myocardial infarction with 15 controls 
according to age. Body Mass Index, glycated haemoglobin, diabetes duration, smoking, 
and treatment of diabetes. The only anti-hyperglycaemic treatment accepted was diet, 
Acarbose, and/or sulfonylurea. The patients underwent a hyperinsulinacmic, euglycaemic 
clamp to measure the insulin sensitivity. Furthermore, we studied the postprandial 
lipaemic responses. After an overnight fast, the patients took an oral fat load, consisting of 
150 ml soup with 100 g butter, 25 g raw leek, and 94 g white bread. Total energy content 
v.ns 4297 1J with 76.6% of energy as fat and 20.1% as carbohydrate. 30 mg vitamin A 
was taken with the fust spoonful of soup as a marker of lipoproteins of intestinal origin. 
During the next eight hours blood samples were drawn for the analysis of glucose, insulin, 
and triglyceride in total plasma, in a CM-fraction (Sf > 1000) and in a non-CM fraction 
(VLDL-rich fraction) (Sf < 1000). 

Results: Insulin sensitivity was similar in the case- and control groups with M-values 3.6 
± 1.8 vs. 4.9 ± 3.2 mg glucosc/(kg x min) (p = 0.40), respectively. No differences between 
the two groups were found in responses measured as incremental Area Under the Curve 
(iAUC) for glucose (p « 0.2) or insulin (p *= 0.33). Plasma TG levels in the C3se group 
were significantly higher after 360 minutes (4.6 ±3.1 vs. 2.8 ± 1.8 mmol/1, p = 0.64) and 
480 minutes (3.6 ± 2.2 vs. 2.4 ± 2.4 mmol/1, p = 0.03), as were the iAUC for the whole 
period (560 ± 452 vs. 297 ±214 mmol/1 x min., p = 0.048). Furthermore, the retinyl 
palmitate responses in the CM-fraction from the case-group were significantly higher with 
an iAUC of 311502 ± 194933 vs. 187004 ± 102928 ng/mlxmin, p = 0.035. No differences 
were found in the retinyl palmitate responses in the non-CM fractions (p = 0.4). 

Conclusions: Type-2 diabetic subjects with prior myocardial infarction had impaired 
clearance of postprandial triglyceride-rich lipoproteins. Impaired clearance of postprandial 
chylomicrons might be a candidate risk marker for the development of ischaemic heart 
disease in type-2 diabetes. 
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W-3 POLYUNSATURATED FATTY ACIDS LN THE TREATMENT OF 
CARDIOVASCULAR AUTONOMIC NEUROPATHY IN PATIENTS WITH 
TYPE 2 DIABETES MELLITUS 

A. Serhiycnko, A-M.Urbanovich, V.O.Serhiyenko and L.M.Scrhiyenko. Department 
of Endocrinology & Clinical Pharmacology, Lviv Medical University, Lviv, Ukraine 
Background aDd Aims: The aim of this study w-as to assess the long term effect of 
docosahcxanoic acid (DHA) and eicosapentar.oic acid (EPA) on the heart rate 
variability (HRV), standart cardiovascular autonomic tests and QTc interval 
parameters, the activities of protein-kinase C (PK-C), Na+, K+-ATPase, Ca2±, Mg2+- 
ATPase, levels of fatty acids in the membranes of erythrocytes and the state of the 
prostacyclin 12-thromboxane A2 system in patients with Type 2 diabetes mellitus and 
cardiovascular aunonomic neuropathy (CAN). Materials and Methods: CAN 
assessed by reduced HRV, standart cardiovascular autonomic tests and QTc interval 
parameters. 42 patients (54±5 years, 25m/17f) were allocated into two treatment 
groups. The 1st group (n=23) was receiving capsules of fish oil every day (2,0 g EPA, 
2,0 g DHA and 0,1% a-tocopherol acetate) and the 2nd group (n=19) was receiving 
placebo capsules of olive oil. All patients were on the same diet. Results: After 2 
months of treatment there was a decreasing of 1251-thromboxane B2 (TXB2) level 
(152,5 ±16,9 pg/ml, p<0,001), activity of PK-C (12,37±4,11 pmol 32P/mg protein per 
1 min, p<0,001) with simultaneous increasing of EPA level, EPA/arachidonic acid 
ratio, activities of Na±, K+-ATPa$c (from 0,04±0,003 to 0,09±0,004 mMol Pi/mg 
protein per 1 hour, p<0, 001), Ca2+, Mg2f-ATPasc and the level of the 1251-6- 
ketoprostaglandin Fla in the blood plasma in the first group. Also, we observed 
significant improvement of cardiovascular autonomic tests, HRV parameters, 
decreasing of QTc interval (p<0,01). Increasing of the level of EPA, EPA/arachidonic 
acid ratio and the activities of membrane-bound enzymes lead to increasing of RBC's 
deformability. This effect is conditioned also by increased prostacyclin 12 production 
as well as by inhibition of platelet activity. Therefore it seems that a 4,0 g fish oil 
treatment during following 2 months result the tendency of normalizing the state of 
prostacyclin 12-thromboxane A2 system, activity of membrane-bound enzymes, HRV, 
QTc parameters and cardiovascular autonomic tests. Conclusions: In conclusion, 
DHA and EPA at moderate doses may exert antithrombic effects and may be used for 
effective prophylaxis and treatment of diabetic cardiovascular autonomic neuropathy. 
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POSTPRANDIAL LIPJDAE.MLA AND LDL SIZE IN TYPE 2 DLABETES 
MELLITUS. 

A. Perez*, AM Wagner*, R Bonet, O Jorba, R Arcelus, J Ordortez-Llanos. 
Endocrinology* and Biochemistry Depts. Hospital Sant Pau. Barcelona, Spain. 
Background and aims: Small LDL particles and postprandial hypcrtriglyceridaemia 
are considered components of diabetic dyslipidaemia. Our aim was to assess 
postprandial lipidaemia and LDL size in normolipidaemic non-obese type 2 diabetic 
patients, and find predictors of both. 

Materials and methods: 12 type 2 non-obese, normotriglyceridaemic diabetic 
patients (8 male, BMI 25.77±2.64 Kg/m2, age 52.42± 10.36 years, HbAIc 6.80± 
0.67%) on diet, and 14 control subjects (8 male, 24.3U2.40 Kg/m2, age 54.0±6.14 
years) with similar fasting triglyceride were selected. A test meal (55g fat, 100.000 IU 
vitamin A) was given. LDL cholesterol (LDLc, betaquantification), HDL cholesterol 
(HDLc, direct) and apolipoprotein B (immunoturbidimetry) were measured in the 
fasting state. Triglyceride (Tg), retinylpalmitate (RP, IIPLC) and LDL size 
(electrophoresis) were measured before and 2,3,4,5,6 and 8 hours after the meal. 
Lipoprotein (Lpl) and hepatic (HL) lipase activities were measured (artificial 
substrate, radiolabelled trioleate) on a separate day, after a heparin injection (100 
IU/Kg). 

Results: Patients showed lower fasting HDLc (1.1210.26 vs 1.40±0.28, p 0.016) and 
smaller LDL particles 4 hours after the meal (25.86±0.40 vs 26.1610.30, p 0.041). 
No differences were found in the area under the curve of Tg (AUC-Tg) or RP. Lpl 
was similar, but HL activity was higher in patients than in controls (156.63±23.89 vs 
118143.27, p 0.011) 

Tg at 4 and 5 hours after the meal were the best predictors of AUC-Tg (r 0.944 and 
0.949, respectively, p < 0.01), LDLc/apoB ratio was the best predictor of LDL size in 
the fasting state. Not onaly fasting LDL size (r 0.84S, p < 0.0005), but also fasting 
LDLc/apoB ratio and HL activity were good predictors of LDL size at 4 hours 
postprandially (r 0.520, p < 0.0005 and r -0.442, p < 0.05, respectively). 

Conclusions: This group of well-controlled, non-obese normolipidaemic type 2 
diabetic patients, with normal postprandial triglyccridaemia, shows low postprandial 
LDL size, associated with increased hepatic lipase activity. LDLc/apoB ratio is a good 
predictor of both fasting and postprandial LDL size. 
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REPAGLINIDE REDUCES POSTPRANDIAL CHYLOMICRON-DEFICIENT 
PLASMA TRIGLYCERIDES IN PATIENTS WITH TYPE 2 DIABETES 
N. Tentolouris, M. Kolia, AD. Tsclepis 1 , D. Perea, E. Kitsou, V. Alcvizou, A.P. 
Tambaki 1 , S-AP. Karabina 1 , C. Sala 2 , V. Fragoulopoulos 2 and N. Kalsilambros. 1“ 
Department of Propaedeutic Medicine, Athens University Medical School, Laiko 
Hospital, 'Laboratory of Biochemistry, Department of Chemistry, University of 
Ioannina, J Novo Nordisk Hellas, Greece. 

Background-Aims: Postprandial lipaemia is important in athorogenesis in both 
diabetic and non-diabetic subjects. The aim of this study was to investigate the 
effect of a single dose of rcpaglinide (R) on postprandial triglycefidaemia in 
patients with type 2 diabetes. Materials and Methods: After an overnight fast, 20 
diabetic subjects [mean (SD) age: 57 (8.9) years], who had acceptable diabetes 
control with diet alone (HBAi c <8%), consumed a standard meal (485 Kcal: 
carbohydrates 40%, lipids 45%, proteins 15%) on two separate days: once with 
placebo (P) and once with 2 mg R per os in a blind order. Venous blood samples 
were drawn just before, and lh, 2h, 4h and 6h after meal consumption. 
Triglycerides contained in chylomicrons (CMT) and in CM-deficient plasma 
(CMDT) were determined by ultracentrifugation. In addition, plasma total 
triglycerides (TR), total cholesterol (CHOL), HDL-cholestCTol (HDL), LDL- 
cholesterol (LDL), free fatty acids (FFA), glucose, insulin and C-peptide levels 
were also measured. Results: As expected, there was a significant reduction in 
postprandial glycaemia after R administration compared to P [mean AUC (SD): 
33.8 (7.8) vs 45.8 (13.4) mmol T’ bh respectively, P=0.0007]. AUC for insulin and 
C-peptide were significantly higher after R administration than P [472.2 (414.2) vs 

247.7 (168.9) IUml'-6h respectively, P-0.01 and 50.9 (36.9) vs 32.4(215) ng-ml' 
*-6h respectively, P^O.03]. TR and CMT showed a trend to be lower after R 
compared to P but the difference was not significant. However, a significant 
reduction in postprandial CMDT was noted after R compared to P [AUC: 42.9 
(13.4) vs 46.3 (14.4) mmol l ' ^h respectively, P-0.05]. Postprandial levels of 
CHOL, HDL, LDL and FFA were not significantly different between the two 
meals. Cone las iocs: Acute administration of repaglinide reduces postprandial 
triglyceride levels of Iiver-but not of intestinal-origin in patients with type 2 
diabetes. This effect might be due to either the substantial improvement of 
postprandial glycaemia after R or to the drug-induced insulin secretion per sc. 
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SERUM PARAOXONASE ACTIVITY AND LIPID PEROXIDATION IN 
TYPE 2 DIABETIC WOMEN WITH DIFFERENT MENOPAUSAL STATUS 
M.Gorshunska and O.Bilezka. Kharkiv Postgraduate Medical Academy, Ukraine 
Background and Aims: Women with diabetes are denied estrogens- 
associated cardioprotection. In view of accumulating evidence as to the role of 
oxidative stress and damage to lipoproteins in atherogenesis we evaluated the 
impact of menopausal status on lipid peroxidation parameters, lipid profile 
and antioxidant defence in Type 2 diabetic women (DW). Materials and 
Methods: 78 pre-, peri-, or postmenopausal DW 35 to 65 years old were ex¬ 
amined (duration of diabetes: 6.9±0.7 yrs; fasting blood glucose: 5.1 ±0.1 
mmol/L, HbAlc: 6.010.2 %; BMI: 31.210.7 kg/m ! ). 21 healthy, sex-, age 
matched subjects acted as controls. Paraoxonasc (PON), HDL-associaicd en¬ 
zyme capable of hydrolysing lipid peroxides, was assessed using paraoxon as 
a substrate. HOMA algorithm was employed to evaluate insulin resistance 
(IR). Results: Compared w ith controls DW had significantly (p<0.001) higher 
values for serum triglyceride (TG), total cholesterol (TC), malonic diaidchydc 
(MDA), conjugated dienes (CD), preformed hydroperoxides (HPO) contents 
in VLDL+LDL and IIDL and HOMA-IR indices. Serum I1DL-C, PON acti¬ 
vity and (VLDL+LDL)- and IIDL-a-tocophcroI (TPH) contents were lower 
than in controls (p<0.001) in diabetics by 32, 33, 39 and 60 %, respectively, 
with no differences observed between pre-, peri-, and postmenopausal DW. 
Strong negative relationship (p<0.00i) was revealed between PON activity 
and indices of lipid peroxidation, i.e. CD (r=-0.687), (VLDL+LDL)- and 
HDL-HPO (r=-0.478, r=-0.472, respectively). PON activity was significantly 
(p<0.01) inverse correlated with MDA (r=-0.413), TC (r -0.352) and LDL-C 
(r=-0.362) levels at the same time as it was directly associated with 
(VLDL+LDL)-a-TPH (r=0.442, p<0.001) and HDL-a-TPi! (r-0.408, 
p<0.01). Conclusions: Thus, despite good glycemic control Type 2 diabetic 
women with insulin resistance show reduced antioxidant defence, in particu¬ 
lar, serum paraoxonase activity, and augmented lipid peroxidation in the lack 
of modulatory effect of menopausal status on these parameters. 
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TIIE EFFECTS OF OESTROCENS ON POSTPRANDIAL LIPID 
METABOLISM IN WOMEN WITH TYPE 2 DIABETES 

M.G.Masding, A-J.Stcan, S.A.If'oorton and D.D.Sandeman. Institute of Human 
Nutrition, University of Southampton, UK 

Background and Alms: Women with type 2 diabetes (DM) lose the protection 
against cardiovascular disease (CVD) afforded by oestrogens, compared to healthy 
controls. We have investigated the effects of oestrogen replacement on postprandial 
lipid metabolism in women with DM. Materials and Methods: Postmenopausal 
diabetic subjects on and off hormone replacement therapy (HRT) were contrasted 
with matched healthy controls. Subjects consumed a mixed meal labeled with 1,1,1- 
,3 C-tripa1mitin, with blood sampled over the next 6 hours. Concentrations of plasma 
triglyceride (TAG), non-esterified fatty acids (NEFA) and 13 C-palmitic acid ( 13 C-PA) 
in the TAG and NEFA fractions were measured over the next 6 hours using gas 
chromatography-combustion-isotope ratio mass spectrometry. Results: (median 
(range)) In the control groups, HRT did not affect fasting TAG (C-HRT vs C+HRT 
1.2 (0.5-2.7) vs 1.0 mmol/1 (0.4-1.8), p=0.15) or NEFA (C-HRT vs C+HRT 120 (84- 
158) vs 152 (91-183) mmol/1, p=0.12), but did improve postprandial TAG 
metabolism (TAG area under the curve (AUC) C-HRT vs CM1RT 9.7 (4.7-18.5) vs 

7.7 mmol/I per 6h (4.1 -12.8), p-0.018; U C-PA AUC 41.1 (15.5-77.2) vs 25.0 ug/mi 
per 6h (10.3-47.7), p-O.05). NEFA U C-PA rose due to HRT (C-HRT vs C+1IRT 
AUC 1.9 (1.2-2.6) vs 2.5 (1.6-3.5) mmol/1 per 6h, p=0.046). There was no difference 
between diabetic groups in fasting TAG, TAG AUC, TAG ,3 C-PA AUC, fasting 
NEFA, or NEFA l3 C-PA AUC (DM-HRT vs DM 4 HRT: fasting TAG 2.3 (0.6-5.8) vs 

2.7 mmol/1 (1.2-4.8), p-O.40; TAG AUC 16.9 (5.8-40.8) vs 15.8 mmol/l per 6 hours 
(6.8-30.7), p-0.75; TAG ,3 C-PA AUC 51.5 (13.5-121.6) vs 39.9 ug'ml per 6 hours 
(18.8-59.8), p-0.18; fasting NEFA 176 (129-327) vs 172 (144-220) mmol/l, p-0.46; 
NEFA ,3 C-PA AUC 2.1 (0.9-6.5) vs 2.3 (L7-3.4) mmol/l per 6h. p=0.12). 
Conclusions: Oestrogens improve postprandial lipid metabolism in healthy 
postmenopausal women but in type 2 diabetes, independently of fasting lipid levels. 
This may affect IIDL and LDL metabolism, contributing to CVD in women with DM. 
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EFFECTS OF ATORVASTATIN VS GEMFIBROZIL ON DIABETIC 
DYSLIPIDAEMIA. 

A M Wagner 1 , O. Jorba 1 , R- Bonet\ X. Masramon 3 , J. Morales 3 , G. HemAndez 1 , J. 
Ord6flez-Llanos\ A P^rez. Endocrinology and Biochemistry 1 Departments, Hospital 
Sant Pau, Barcelona, Spain Pfizer 2 , Spain. 

Background and Aims: Both statins and fibrates are useful in the treatment of 
diabetic dyslipidaemia. Our aims were to compare their effect on lipoproteins and 
LDL size in type 2 diabetes. 

Materials and methods: A group of 44 type 2 diabetic patients (age 57.7 +/- 9.0 
years, BMI 27.8 +/- 3.5 Kg/m2, HbAlc 6.9 +/- 0.6 %) with LDL cholesterol (LDLc) 
>2.6 mmol/l and triglyceride (Tg) <5.65 mmol/l were included in an open, 
randomised, cross-over study comparing 12-week treatment with 900-1200 mg 
gemfibrozil vs 10-20 mg atorvastatin, separated by a 4-weck wash-out period. Total 
cholesterol (TC) and Tg, HDL cholesterol (HDLc, direct method), LDLc (Fricdcwald/ 
ultracctrifugation) LDL size (gradient gel electrophoresis) and apolipoproiein B 
(apoB, immunotuibi dime try) were measured at baseline and after intervention. 
Results: At baseline, TC was 5.8+/-0.8, Tg 1.7+/-1.0, LDLc 3.8+/-0.5, HDU 1.1+/- 
0.3 mmol/l, apoB 1.2+/-0.1 g/1, and LDL size 25.6+/-0.5 nm (41% show ed phenotype 
B), without difference between groups starting with gemfibrozil or atorvastatin. 
Atorvastatin and gemfibrozil significantly reduced Tg (-0.24+/-010 vs -0.51+/-0.10 
mmol/l, respectively, p=0.068 between groups), and increased HDU (0.040+/-0.02 ys 
0.039+/-0.02 mmol/l, p 0.94 between groups). Atorvastatin was more effective in 
decreasing LDLc (-1.28+/-0.08 vs -0.18 +-/-0.08 mmol/l, p<0.0001), LDLc/HDU 
ratio (-1.17+/-0.08 vs -0.23+/-0.08. p <0.0001) and apoB (- 0.30+/-0.02 vs -0.07+/- 
0.02 g/1, p<0.0001). Gemfibrozil was more effective in reducing VLDU (-0.10+/- 
0.04 vs -0.24+/-0.04, p 0.012), and it increased LDL size (0.22+/-0.07 nm, p 0.0041 
vs baseline, but p -=0.057 between groups). 

Conclusions: Both atorvastatin and gemfibrozil are effective, and complementary, in 
the treatment of diabetic dyslipidaemia. 
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FEN O FIB RATE GENERATES GREATER INCREASES L\ LDL SIZE THAN 
ATORVASTATLN IN DYSLIPIDEMIC PATIENTS UNDER TREATMENT 
FOR 12 WEEKS. 

I. Lcrnieux Ir2 , J.P. Dcspnis u , the Study Groups 3 , D. Delaval 4 and H. Salomon 4 . 1 
Quebec Heart Institute, Laval Hospital Research Center, Sainte-Foy (Quebec), 
Canada; 2 Lipid Research Center, CHUL Research Center, Sainte-Foy (Qudbcc), 
Canada; 3 in Canada; 4 Labcratoires Fournier, Garches, France. 

Background and Aims: The presence of small, dense LDL particles, one of the 
features of the high triglyceride-low HDL-cholesterol dyslipidemia linked to 
abdominal obesity and the insulin resistance syndrome, is predictive of an increased 
risk of coronary heart disease. The objective of the present study was to compare the 
effects of a 12-week pharmacotherapy with micronizcd fenofibrate (200 mg) or 
atorvastatin (10 mg) on LDL particle size of dyslipidemic patients. 

Materials and Methods: Alter a 4-week washout period, dyslipidemic patients 
(HDL-cholcsteroKl.I mmol/1 or <1.2 mmol/l for men and women respectively, LDL- 
cho!esterol>3.2 mmol/1 and triglyccridcs<4.5 mmol/l) were randomized to either 
fenofibrate (n=64) or atorvastatin (n=*72) therapy for 12 weeks. LDL particle size 
measurement was performed by 2-16% polyacrylamide gradient gel electrophoresis 
on frozen plasma. 

Results: Both fenofibrate and atorvastatin therapies increased HDL-cholcstcrol lev els 
(+12.7% vs. +5.7%) and decreased triglyceride concentrations (-29.4% vs. -15.4%). 
NVhcreas improvements in the plasma lipoprotein-lipid profile were observed with 
both fenofibrate and atorvastatin drugs, the increase in LDL peak particle , diameter 
was significantly greater among fenofibrate- than atorvastatin-treated patients (4.92 ± 
3.31 vs. 1.75 ± 2.87 A; p<0.0001). Moreover, significant relationships were found 
between changes in triglycerides and changes in LDL peak particle size in both 
fenofibrate (r=-0.40, pO.OOl) and atorvastatin (r=-0.48, p<0.0001) groups. 

Conclusions: It is proposed that this effect of fenofibrate therapy on LDL size is one 
factor involved in the favorable impact of fibrates on the recurrence of coronary heart 
disease events. 
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LDL- Immune Complexes in Type 2 Diabetes and Vascular Disease 

Z. Turk and A Stavljenic-Rukavina. Vuk Vrhovac Institute and Clinical Hospital Centre, 

Zagreb, Croatia 

Background and Aims: The oxidative modification of LDL has been shown to affect its 
clearance and exert cytotoxic and immunogenic effect. The objective of our study was to 
analyse markers of LDL oxidation i.e. soluble LDL containing immune (LDL-IC) 
complexes in type 2 diabetes with micro- and macrovascular disease. 

Materials and Methods: We recruited 69 diabetic patients with coronary artery disease 
(DM+CAD), 78 nondiabetics with CAD, 47 controls, 27 diabetics with nephropathy and 
36 free of complications. OxI-DL antibodies and advanced glycated endproducts were 
measured by ELISA and LDL-IC apo B content after PEG precipitation. 

Results: We measured a broad range of oxLDL antibody activity in all study groups, but 
without significant differences. In contrast, the content of apo B, a component of the 
antigen moiety of oxLDL-lC was higher in CAD and diabetes (+CAD) than that in LDL- 
IC isolated from controls (pO.OOl). LDL-IC did not differ between patients with 
CAD+DM and CAD patients free of diabetes. LDL-IC level in diabetic patients with or 
without microangiopathy was significantly higher than that in healthy volunteers (PEG- 
apo B: 0.278+0.107 «. 0.165+105 g/1, p0.002; PEG-IgG. 151.7+76 vs. 115.4162 g/K 
p<0.05). However, we did not find a significant difference in the quantity of circulating 
LDL-IC between the subgroup of diabetic patients with nephropadiy/retinopathy and the 
parents free of microvascular disease (Ab-oxLDL 27.7+10.4 vs. 27.1+9.3 AU, NS; PEG- 
apoB 0.324+0.111 vs. 0.287+0.124 g/L, NS; PEG-IgG 1.68+0.68 vs. 1.42+0.80 g/L, NS). 
The correlation between AGE content and LDL-IC was positive and statistically 
significant (rO.35, p<0.009). We observed a significant but inverse correlation between 
triglyceride concentration and the amount of LDL-IC in diabetes with CAD (r=-0.32, 
p<0.016) and in CAD patients (r=-0.35, p<0 002). In patients with early nephropathy a 
very significant negative correlation between triglycerides and circulating LDL-IC (r=- 
0.54, p<0.039) was found, but not so in patients with physiological proteinuria. It is known 
that at high triglyceride level in type 2 diabetes, the majority of LDL is small and dense, 
thus being more susceptible to oxidative modification. This could be a possible 
mechanism explaining why more LDL-IC, with a level inversely correlating with 
triglyceride concentration, are generated in diabetes. Conclusions: Increased level of 
circulating LDL-IC represent a general risk factor for the general population, including 
diabetes. LDL-IC measurements in type 2 diabetics plus CAD, with or without 
microangiopathy showed that diabetic patients are a high-risk populalioa 
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FENOFIBRATE GENERATES GREATER INCREASES IN IIDL- 
CHOLESTEROL LEVELS THAN ATORVASTATLN IN THE TREATMENT 
OF OBESE AND NONOBESE DYSLIPIDEMIC PATIENTS 

J.P. Dcsprds 1,2 , the Study Groups 3 , D. Delaval 4 and H. Salomon 4 . 1 Qudbcc Heart 
Institute, Laval Hospital Research Center, Sainte-Foy (Quebec), Canada; 2 Lipid 
Research Center, CHUL Research Center, Sainte-Foy (Quebec), Canada; 3 in UK, 
Ireland and Canada; 4 Laboratoires Fournier, Garchcs, France. 

Background and Alms: A low HDL-cholcstcrol (HDL-C) concentration which is a 
risk factor for coronary' heart disease is frequently found in obese patients. The 
objective of the present study’ was to compare the HDL-C raising effects of 
micronized fenofibrate (200 mg) vs. atorvastatin (10 mg) in nonobese and obese 
dyslipidemic patients. 

Materials and Methods: After a washout period of 4 weeks, dyslipidemic patients 
[HDL-choIesterol below 1.2 mmol/l (women) and 1.1 mmol/l (men) with LDL- 
cholesterol above 3.2 mmol/l and triglyceride levels < 4.5 mmol/l] were randomized 
to receive either fenofibrate (n-79) or atorvastatin (n~86) once daily for 12 weeks. 

Results: Overall, atorvastatin therapy increased HDL-C levels by 5.3 % compared to 
a 13.3 % increase in the fenofibrate-treated patients with a difference of 8 % (95% Cl: 
3.7% to 12.2%] (p=0.0003). Patients were then stratified on the basis of their baseline 
body mass index (BNH) using 30 kg/m2 (according to WHO guidelines). Among 
obese (BMI>30 kg/m2) dyslipidemic patients, atorvastatin increased HDL-C 
concentrations by 5.3% [95% Cl: 0.5% to 10.1%] whereas fenofibrate generated an 
increase of 11.0% [95% Cl: 6.2% to 15.8%] in HDL-C lev els. Similar differences in 
the response of HDL-C between atorvastatin and fenofibrate were observed in 
nonobese (BMI<30 kg/m2) dyslipidemic patients. 

Conclusions: These results suggest that fenofibrate is better than atorv astatin to raise 
HDL-C levels in both nonobese and obese dyslipidemic patients with low HDL-C 
levels. 
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EFFECT OF CERIVASTATIN ON MUSCLE CAPILLARY FILTRATION OF 
ALBUMIN IN DIABEFIC RATS. 

F. Cohen-Boulakia, A. Behar, R. Lestradc, F. Barouki, H. Bischoff, P. Valensi. 
Laboratory of Biophysics, Paris 6 University. Laboratory of Nutrition and Metabolic 
Diseases, Paris 13 University, Bobigny. Bayer Pharma. France. 

Background and aim: An increase in capillary filtration is a well-known 
complication of diabetes. Some data suggest that statins arc beneficial for 
endothelium function. The aim was to examine the effect of ccrivastatin on capillary 
filtration of albumin (CFA) in rats with slrcptozotocin-induccd diabetes. Materials 
and methods : Fourty STZ rats, aged 82 ± 6 days were randomized in two groups, 
treated by ccrivastatin (group I), or untreated (group 2). CFA was evaluated in vivo 
by a reproducible non invasive isotopic test which consisted of injecting i.v 99m-Tc 
albumin and measuring radio-activity externally with a gamma camera on a posterior 
limb, before, during and after venous compression. The test was performed before 
randomization (TO), 2 months (Tl) and 3 months (T2) later. Results: In both 
groups, interstitial albumin retention after removal of \cnous compression (AR) was 
significantly higher than in agc-maichcd control rats (group 1 : 2.4 ± 1.0% and group 
2 : 6.7 ± 1.3%, vs 0.6S ± 0.327c ; p < 0.001). In group I, AR did not change at Tl 
(3.0 ± 1.5%) and T2 (3.0 ± 0.9%), while in group 2, AR increased at Tl (17.0 ± 
3.1%) and T2 (27.7 ± 3.0%). The differences between groups I and 2 were 
significant at Tl and T2 (p < 0.005 and p < 0.001). The fymphatic uptake of 
interstitial albumin evaluated by LF/HF index from fast Fourier 'transform of the 
decreasing radio-activity curve after removal of venous compression did not differ at 
TO between STZ and control rats. LF/HF increased slightly in groups I and 2 at Tl. 
At T2. LF/HF was significantly lower in group 1 than in group 2 (0.23 ± 0.05% vs 
2.2 ± 0.6% ; p < 0.007). Conclusion : These data show that the increase in CFA 
occurs early and worsens with lime in diabetic rats, while lymphatic dysfunction 
occurs later, probably as a result of saturation of lymphatic pumps. Both alterations 
are prevented by ccrivastatin. This mierocirculatory effect of ccrivastatin on 
endothelial function is very likely to be independent of its lipid-lowering effect. 
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ADMISSION BLOOD GLUCOSE, IRRESPECTIVE OF DIABETES STATUS, 
PREDICTS SURVIVAL FOLLOWING MYOCARDIAL INFARCTION (MI) 

AR SCOTT, R DONNELLY, M HOLT, T ROWBOTTOM & J IIARROP 

(Division of Vascular Medicine, University of Nottingham, and Southern Derbyshire 
Acute Hospitals Trust) 

Background & Aims: Although admission blood glucose (BG) is known to correlate 
with in-hospital mortality following acute MI, the relationship between BG on 
admission and longer term survival in diabetic and non-diabetic subjects, is unclear. 
We have investigated this relationship in Southern Derbyshire (population > 
500,000) in patients admitted with acute MI during a 4-year period 1995-8. 

Methods: A single pathology service linked to all acute hospital admissions and 
recorded deaths. Patients with an ICD10 code for acute MI were linked to their 
laboratory data for the admission. 

Results: Of 2404 pts coded for first MI, 1,858 (77%) of these patients, including 280 
(15%) with known diabetes (DM), had documented BG levels on admission. 
Mortality at 30-days and 1->t was significantly higher among those with admission 
BG > I lmmol/L (Table), and the continuous relationship betw een admission BG and 
mortality was irrespective of known DM status. 

_DM BG>I I DM BG< 11 NO DM BG> 11 NO DM Bfl< 11 


30-d mortal. (Vo) 

34.6 

31.7 


31.3 


16.9 

1-yrmortil (%) 

40.8 

44.3 


41.9 


24.5 

Adm. BG (n) 

>11 

I0.I-11 

8.1-10 


6.1-8.0 

<6 

(466) 

<S9) 

(327) 


(620) 

_(346)_ 

30-d mortal. 

33% 

34% 

23% 


14% 

16% 

1-yr mortal. 

42% 

35% 

32% 


22% 

23% 


Conclusion: Admission BG level, independent of known DM status, is a powerful 
predictor of survival both at 30-days and 1 ->t after AMI. 
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SECONDARY PREVENTION MEDICATIONS IN DIABETIC PATIENTS 
AFTER AN ACUTE CORONARY SYNDROME. 

P. Gourdy 1 , J. Femires 1 , J.P. Cambou 1 , O. Grenier 2 , N. Danchin 2 , II. Hanaire- 
Broutin 1 . 1 Diabetology department and 1NSERM U518, Toulouse, France. 2 
Cardiology departments, Boucicaut and Pompidou hospitals, Paris, France 

The French nation-wide PREVENIR srudies were designed to assess 
prescriptions at hospital discharge following a myocardial infarction (Ml) or an 
unstable angina (UA). The PREVENIR-l survey included 1394 patients (MI: 
55.8%) in 77 cardiology centers in January 1998 and the PREVENIR-2 Study 
included 2527 patients (MI: 65.6%) hospitalized in 143 centers in May and June 
1999. A predominance of men (71.4% in 1998 and 74.2% in 1999) and subjects 
aged 65 >t or older (573% and 50.6%) were observed. The following analysis 
evaluated the impact of diabetic status on the secondary prevention medications. 
Results: The prevalence of diabetes mellitus, defined by insulin or oral 
hypoglycaemic agents prescriptions at discharge, was 17.4% In 1998 and 15.1 in 
1999. Insulin-treated subjects represented 33.8% of the whole diabetic 
population in 1998 and 40.1% in 1999. The prescription rate of statins Increased 
in the diabetic population from 333% (vs 35.3% in non-diabetics, ns) in 1998 to 
56.0% (vs 59.7%, ns) en 1999, In diabetic patients, the prescription rate 6f beta- 
blockers was respectively 58.4% (vs 69.4%, p<0.0l) in 1998 and 72% (vs 
75.4%, rs), the prescription rate of ACE inhibitors was 50,4% (vs 39.7, p<0.05) 
in 1998 et 51% (vs 39.6%, p<0.001) in 1999, and the prescription rate of calcium 
channel inhibitors was 36.4% (vs 26.2%, p<0.00l) in 1998 and 28% (vs 21.1%, 
p<0.01) in 1999. In multivariate analysis, diabetic status significantly influenced 
the beta-blokers (OR-O.7, Cl 0.5-0.9), ACE inhibitors (OR-1.4, Cl 1.01-1.9), 
and calcium channel blockers (OR* 1.4, Cl 1.03-1.9) prescriptions in 1998, but 
only ACE inhibitors prescription (OR=1.35, Cl 1.06-1.7) in 1999. Conclusion : 
These date underline the improvement in statins and beta-blockers prescription 
rates in diabetic patients with a coronary heart disease, according to current 
recommendations. 
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MYOCARDIAL FUNCTION AND HYPOGLYCEMIC TREATMENT IN 
TYPE 2 DIABETES PATIENTS WITHOUT ISCHAEMIC HEART DISEASE 
J. Ruxer, W. Religa*, L. Czupryniak, J. Dro2d2\ M. Kurpesa*, M. Krzcminska- 
Pakula* and J. Drzewoski. Diabetology and Gastroenterology Department, 
*Cardiology Department, Medical University of Lodz, Lodz, Poland 
Background and Aims: Type 2 diabetes mellitus is often associated with impaired 
myocardial function. Recently it has been suggested that some modalities of 
antidiabetic treatment might have infaYourable impact on cardiovascular system in 
type 2 diabetic subjects. The aim of the study was to assess myocardial function in 
regard to various hypoglycemic therapies. Materials and Methods: The study 
group consisted of 78 normotensive type 2 diabetes subjects (mean age 56.2±7-5 
years, mean diabetes duration 8.1±4.3 years, body mass index 27.7±4.1 kg'm 2 ) with 
no clinical or electrographical signs of ischaemic heart disease. They were divided 
into three groups according to the hypoglycemic treament applied: l - sulfonylurea 
and metformin (n=26); 2 - insulin only (n=27); and 3 - insulin and metformin 
(n=25). Each treatment modality was used for at least one year in each patient. All 
patients had the following examinations performed: resting and exercise 
electrocardiography (ECG), 24-hour Holter ECG monitoring, high frequency 
ventricular late potentials, heart rate variability (HRV) assessment, and stress, 2-D 
and tissue Doppler echocardiography. Fasting plasma insulin, C-pcptidc, glucose, 
lipids and HbA| C were measured. Results: The poorest cardiovascular examinations 
results were found in group 3 patients (left ventricular end diastolic and systolic 
volume: 4.0 and 3.06 m/s 2 respectively, left ventricular compliance: 0.004 g'm 2 , 
HRV: 194 m/s 2 , transient ischemic events: 3.2 per patient, ventricular late potentials: 
10%; p<0.05 vs group 1 and 2), whereas there were no statistical significant 
differences in metabolic control of diabetes or duration of the disease betw een the 
studied groups. In particular, overall HbA ic was 7.6±0.9%, fasting plasma glucose 
145±29, total cholesterol 200±33, HDL cholesterol 47±7, triglycerides 136±6S 
mg/dl. Conclusions: Based upon our results, it may be suggested that left ventricular 
dysfunction and cardiovascular autonomic regulation impairment might be related 
not only - as it is believed - to the level of metabolic control of diabetes and the 
duration of the disease, but also to the type of h>pog!yccmic treatment used. 
However, the confirmation of this somewhat surprising finding requires further 
studies. 
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ANGIOGRAPHIC DATA OF CORONARY ATHEROSCLEROSIS IN 
PATIENTS WITH TYPE 2 DIABETES MELLITUS. 

L.K.Sokolova*, M.Y. Sokolov*♦, A.S Efimov*, and B.N.Mankovsky* 

•Institute of Endocrinology and Metabolism, Kiev, Ukraine 
••Institute of Cardiology, Kiev’, Ukraine 

Background and Aims: Prevalence and incidence of coronary heart disease arc 
increased in patients with typc2 (non-insulin-dependent) diabetes mellitus. The 
purpose of this study was to investigate the prevalence of coronary arteries (CA) 
stenosis in patients suffering from coronary artery' disease (CAD) with and without 
diabetes mellitus. Materials and Methods: We studied 140 patients with CAD - 30 
with type 2 diabetes mellitus (mean age was 53.3+6.7 years, data presented as 
mcan+SD) and 110 without diabetes (aged 52.6+10.1 years). The CA were evaluated 
using selective coronaroangiography. The results were compared using Student s 
paired test and x 2 -tcst where appropriate. Results: The BMI was higher in patients 
with diabetes compared to control subjects - 31.7+6.3 and 25.0+2.3 kg/m, 
respectively, p<0.05 However, in those with diabetes it was significant increase of 
triglycerides levels - 2.G+1.6 vs. 1.8+0.9 mmol/1, p<0.05. The groups were 
comparable by total cholesterol, LDL and HDL levels, smoking, mean blood pressure 
and history of previous mjocardial infarction. Wc found that numbers of CA with 
stenosis were higher in patients with diabetes - 2.7+0.9 vs. 1.9+0.8 arteries per patient 
in those with and without diabetes, respectively, p<0.001. In particular, the difference 
between the two groups was accounted for by a higher prevalence of ihrcc-vcssel 
disease - 66.7% vs. 30.6% in diabetic and non-diabclic groups, respectively, p<0.001. 
The mean number of stenosis (either in the same or different CA) was 3.4 M.5 and 
1.910.8 in patients with and without diabetes, respectively, p<0.005. Furthermore, in 
those with diabetes it was increased number of low grade stenosis (< 50% of vessel 
diameter) - 31.3 vs. 12 8%. respectively, pO.05 and higher prevalence of total artery 
occlusion (100% of vessel diameter) in patients with diahrtes - 39.4 vs. 26.5%, 
p<0.05. In contrast, in non-diabclic group it was increased number of more severe 
stenosis (>90% of vessel diameter) - 41.7 vs. 11.1%, respectively, p<0.05. Severe 
stenosis ( >75% of vessel diameter) w ere similar in both groups(I9% non-diabctic vs 
18.2% diabetic). Conclusions: Diabetes mellitus is associated with the higher 
prevalence of CA stenosis with the highest prevalence of low grade stenosis and total 
artery occlusions. These peculiarities of CAD could contribute to higher incidence of 
myocardial infarction in patients with diabetes mellitus. 
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ANGIOGRAPHIC CHARACTERISTICS OF CORONARY 
ATHEROSCLEROSIS LN PATIENTS WITH DIABETES 
S. Aczcl.C. SacIy.W. Benzer.H. HoIzmueller.W. Fuchs and H. Drcxcl. VIV1T- 
Institute, State Hospital Feldkirch, Austria 

Background and Aims: Coronary atherosclerosis (CA) confers higher 
mortality in diabetic than in non-diabetic subjects. The mechanisms for this 
worse prognosis are unclear. The notion that diabetic patients develop more 
diffuse and more peripheral atherosclerosis could explain the poor outcome, 
but this pattern has been described rather in type I than in type 2 diabetes. 
Materials and Methods: 757 consecutive patients referred to coronary 
angiography were investigated. Extent of CA was defined as the number of 
significant lesions ( >- 50 %), severity as the mean percentage of individual 
stenosis, diffuse sclerosis as nonfocal, nonsignificant irregularity of the 
coronary artery wall. According to glycemia patients were divided into 4 
groups: established type 2 diabetes (n~ 128), fasting plasma glucose (FPG) > 
125 mg/dl (n^60), HbAlc > 6.1 % (n= 99), and patients with none of the 3 
criteria (“normoglycemic 44 , n=464). 

Results: Extent of CA was higher in the hyperglycemic patients than in the 
“normoglycemic” patients (1.56 vs. 1.50 vs. 1.63 vs. 1J0). It proved 
significantly increased in the pooled hyperglycemic subjects compared to the 
“normoglycemic"(1.57 vs. 1.30, p - 0.02). The severity of CA was comparable 
in all four groups (79.77 vs. 79.89 vs. 76.46 vs. 78.52% mean stenosis), as was 
the prevalence of diffuse coronary sclerosis (70% vs. 75 % vs. 65 % vs. 66%). 
Conclusions: Diabetic patients express a pattern of multifocal significant 
atherosclerotic lesions whereas the severity of CA is not affected by the 
glyccmic status. Moreover, contrary to the current view, patients with type 2 
diabetes do not have more diffuse coronary disease than non-diabetic patients 
with CA. In summary, CA in diabetic patients is specifically characterized by a 
significantly increased number of distinct focal lesions. 
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DETECTING SILENT CORONARY STENOSES LN DIABETIC PATIENTS. 
EXERCISE STRESS TEST OR EXERCISE MYOCARDIAL SCINTIGRAPHY ? 

E. Cosson, F. Paycha, J.R. Attali, A. Ramadan, J. Paries, R.N. Sachs and P. Valensi. 
Department of Diabctology, Bondy and Nuclear Medicine. Colombcs. France. 

Background and aims : Silent coronary stenoses (CS) arc common and associated 
with poor prognosis in diabetic patients. The potential benefits of diagnosing CS 
include initiating anli-ischcmic therapy and performing early revascularisation 
procedure. Myocardial scintigraphy (MS) is appropriate to detect silent CS but 
expensive. American (ADA) and French (ALFEDIAM) diabetes associations 
recommend to perform in that purpose ECG stress test (EST) at first line in diabetic 
patients with additional cardiovascular risk factors and able to exercise. The aim of 
the study was to determine if coupling MS to EST is effective to deject more patients 
with silent CS. Materials and methods: A total of 400 diabetic asymptomatic 
patients with >1 additional risk factor were consecutively recruited in our university 
department between January 1995 and June 2000 to undergo MS after 
pharmacological stress (dipyridamole injection) or, when they were able to exercise, 
maximal (85% of the maximum predicted heart rate reached) EST. The patients with 
abnormal results underwent coronary angiography. The 262 patients who underwent 
maximal EST coupled with MS were eligible for the study analysis. Results : The 
patients (150 males, 112 females) were 57.618.8 years old, with diabetes (256 type 
2) for 12.817.7 years. EST results (clinical and electrical criteria) were abnormal in 
54 patients, including 12 with associated abnormal MS results (imaging criteria). Of 
these, 43 underwent a coronarography, showing CS in 18 patients. Despite normal 
EST results, abnormal MS results were found in 42 additional patients. A 
coronarography was performed in 33 of them and exhibited CS in 16 patients. The 
predictive value of abnormal EST results alone (n = 42), abnormal MS results alone 
(n = 42) or both (n = 12) to detect CS was respectively 34.4%, 48.5% and 63.6%. 
Conclusion: These findings in our large cohort suggest that exercise MS, which 
includes EST and MS, instead of EST alone should be the first-line testing to detect 
silent CS in diabetic patients able to exercise. 
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DETERMINANTS OF SILENT MYOCARDIAL ISCHEMIA IN DIABETIC 
PATIENTS. INFLUENCE OF AGE AND DURATION OF DIABETES. 

P. Valensi. J. Paries, F. Torrcmocha, B. Estour, R.N Sachs, G. Vanzctto, B. 
Lormcau, S. Halimi. Departments of Diabctology. Bondy, Poitiers, Saint-Eticnnc, 
Grenoble. France. 

Background and aims: Silent myocardial ischemia (SMI) is found in 20-30% of 
diabetic patients without cardiac symptoms. The aim of this multicenter study was to 
evaluate the influence of age and diabetes duration on the prevalence of SMI and 
silent coronary stenoses (CS) in diabolic patients, in order to improve the 
identification of patients who should benefit from cardiac investigations. 

Materials and methods: SMI was assessed by myocardial scintigraphy combined 
with a stress test or dipyridamole administration or both, in 404 diabetic patients (50 
type 1 and 354 type 2) without cardiac history but with at least two additional 
cardiovascular risk factors. 

Results: SMI was found in 138 patients (34.lft). A coronary angiography was 
performed in 63 of them, showing significant CS in 37 cases. The positive predictive 
value of myocardial ischemia for the detection of CS was therefore 58.7%. The 
prevalence of SMI did not differ significantly according to type of diabetes, 
nephropathy, peripheral arterial disease but it was significantly higher in the patients 
older than 60 yrs (p = 0.026). Among the 153 men older than 60 yrs or aged 40-60 
yrs with a diabetes duration > 20 >rs, 81 had SMI and a coronary angiography was 
performed in 28 of them, showing significant CS in 23 cases. Among the 99 women 
older than 60 >rs or aged 50-60 yrs with a diabetes duration > 10 yrs, 26 had SMI 
and a coronary angiography was performed in 16 of them, showing CS in 11 cases. 
In this selected population of men and women, the predictive value of myocardial 
scintigraphy for CS was 82.1% and 68.7% respectively in men and w omen. 
Conclusion: Among the diabetic patients with other cardiovascular risk factors, 
these criteria of selection made possible the identification of 77.5% of the patients 
with SMI and 91.9% of those with CS, with a markedly improved predictive value of 
myocardial scintigraphy to detect CS. 
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DISTURBED GLUCOSE METABOLISM IS UNEXPECTEDLY 
COMMON LN PATIENTS WITH MYOCARDIAL INFARCTION 

A.Tenerz 11 , A.Norhammar 21 , G. Nilsson 1 *, L.Ryden 21 and K. Malmberg 21 . 
Department of Medicine, Central Hospital, Vasteris 1 * and Department of 
Cardiology, Stockholm, Sweden 21 . 

Background and alms: Increasing B-glucose adds to the risk for coronary 
artery disease. The actual prevalence of impaired glucose tolerance (IGT) 
and diabetes mellitus (DM) in a population with acute myocardial 
infarction (AMI) and without previously known DM is, however, not 
known. Our aim was to characterise glucose metabolism in patients with 
AMI and without known DM. 

Materials and Methods: Consecutive non-DM patients with AMI and an 
admission B-glucose (a-BG) <11.1 mmol/1 admitted to two coronary care 
units were included. The a-BG was determined as soon as possible and 
fasting B-glucosc (f-BG) and HbAlc on the first rooming. An oral glucose 
tolerance test (OGTT) was performed before hospital discharge and 3 
months thereafter. 

Results: Inclusion criteria were fulfilled by 181 pat (age 63 ± 9 years; 
males 68%). The mean a-BG and HbAlc were 6.5 ±1.4 mmol/1 and 5.0 ± 
0.6 % respectively. On the OGTT at discharge in all 41% had IGT and 24% 
had diabetic values. After 3 months 48% h3d IGT and 22% DM. Thus, a 
total of 70% of the patients had disturbed glucose metabolism 3 months 
after the index event. If only fasting B-glucose was used just 6 % had 
impaired fasting glucose and 14% had DM after 3 months. There was a 
strong positive correlation between admission HbAlc and abnormal OGTT 
after 3 months (r-O.405; p=0.0001) suggesting a predictive value of HbAlc 
for previously unknown glucose abnormalities in acute coronary care. 
Conclusions: We found that newly detected diabetes (22%) and IGT (48%) 
was unexpectedly common in an unselected AMI population without 
previously known DM. Furthermore these abnormalities could be detected 
early in the course of an AMI. Thus elevated glucose parameters in the 
acute phase of a myocardial infarction can not be only a stress 
phenomenon. 
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PREVALENCE AND CAUSES OF LEFT VENTRICULAR HYPERTROPHY 
LN JAPANESE TYPE 2 DIABETIC PATIENTS WITHOUT HYPERTENSION 

A. Sato, K. Yanagi&awa, J. Mi lira, S. Honjo, Y. Iwamoto, Diabetes Center, Tokyo 
Women's Medical University. Tokyo, Japan 

BACKGROUND AND AIMS: We investigate the prevalence of left ventricular 
hypertrophy (LVH) and clinical or genetic risk factors for development of LVH in 
Japanese type 2 diabetes without hypertension. 

MATERIALS AND METHODS: M-mode echocardiography was performed by one 
experienced examiner in 98 consecutive, normoalbumimiric (albumin creatinine ratio 
(ACR) <200 mg/g Cr) type 2 diabetic patients with blood pressure <140/90 mmllg. 
Due to technical difficulties two patients could not be evaluated, thus 96 (63 men) 
patients were included in the study- age (mean (SD)) 56 (9) y cars, known duration of 
diabetes 11 (range 1-29) years. Body mass index (BMI) was 23 (3) kg/m2, KbAlc 7.3 
(0.9) %, blood pressure 122 (10) / 76 (7) mmHg, ACR (median (range)) 6.5 (2.4-120) 
mg/g Cr (10% microalbuminuria) and 61 (64%), 27 (28%), 11 (11%) had nil. simple, 
proliferative retinopathy, respectively. Angiotensin-converting enzyme (ACE) gene 
insertion (1) / deletion (D) polymorphism was determined by polymelase chain 
reaction. 

RESULTS: The prevalence of LVH was 23% (95% Cl 14-32%). LVH was present in 
9 (27 (12-43)%) women and 13 (21 (11-31)%) men. Patients with LVH had higher 
BMI (p=0.02) and elevated sy stolic blood pressure (p~0.03) as compared to patients 
with normal left ventricular mass index (LVMI). There was no significant difference 
between the patients with LVH and the patients with normal LVMI regarding age, 
HbAlc, ACR, diastolic blood pressure, known duration of diabetes or presence of 
retinopathy. A logistic regression analysis, presence or absence of LVIi, rev ealed 
that BMI and sy stolic blood pressure were independent risk factors for LVH (p<0.05, 
R2=24%). Patients with the DD genotype of the ACE gene had a higher LVMI (115 
(95%CI: 103-127) g/ra J ) than those with ID (102 (93-110) g/m J ) or n (94 (85-103) 
g/m 5 ) genotype, (p=0.02). 

CONCLUSION: Our study shows that LVH is frequent in Japanese type 2 diabetes 
without hypertension. Slightly increased BMI and systolic blood pressure may affect 
hypertrophic myocardial reactivity, and the DD genotype appears to be an important 
factor to predict increased LVMI for normotensive Japanese type 2 diabetes. 
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Relationship between glycemlc control, hyperlnsulinemia and plasma 

concentrations of soluble adhesion molecules 

BlOher, M, Unger, R\ Rassoul, F*, Richter, V*, Paschke, R 

III. Medical Department, Faculty of Medicine, University of Leipzig, Germany * 

Institute of Clinical Chemistry and Path obioch cm is try. University of Leipzig, 

Germany 

Type 2 diabetes mellims is associated with an increased risk to develop 
atherosclerosis. Elevated plasma levels of circulating adhesion molecules are 
increased in patients with type 2 diabetes and could therefore be a potential 
cardiovascular risk factor. However, it is controversial whether elevated adhesion 
molecule plasma concentrations are primarily related to hyperglycemia or to 
hyperinsuiinemia. We therefore evaluated the plasma concentrations of soluble E- 
selectin, intracellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion 
molecule-1 (VCAM-1) at baseline and during euglycemic hyperinsulinemic clamp 
in three different groups: Group A (control group): 28 healthy volunteers with 
normal glucose tolerance and no family history of diabetes type 2, Group B: 24 
offsprings of patients with type 2 diabetes with extreme insulin resistance, fasting 
hyperinsuiinemia, normal fasting glucose but impaired glucose tolerance (IGT), 
Group C: 32 patients with diabetes type 2, fasting hyperinsuiinemia and fasting 
hyperglycemia. All groups were without clinical evidence for atherosclerotic 
lesions, hyperlipidemia or hypertension and were matched for age, gender, and 
body-mass-index (BMI). Plasma soluble E-selcctin, ICAM-1, and VCAM-1 levels 
were significantly higher (p<0.05) in patients with type 2 diabetes (group C) 
compared to the other groups. The plasma concentrations of soluble E-selectin, 
ICAM-1, and VCAM-1 were not higher in probands with IGT and fasting 
hyperinsuiinemia (group B) compared to the control group (group A). The plasma 
soluble E-selectin, ICAM-1, and VCAM-1 levels were correlated with the fasting 
plasma glucose (r=0.57, p<0.05), the 2h-oGTT plasma glucose (r=0.68, p<0.05), 
the glycated hemoglobin (r=0.61, pKO.Ol), but not with the fasting insulin levels or 
the extent of insulin resistance, determined by euglycemic hyperinsulinemic 
clamp. The hyperinsuiinemia during the euglycemic hyperinsulinemic clamp had 
no significant effect on the plasma levels of E-selectin, ICAM-1, and VCAM-1 in 
all three groups. In conclusion, our results suggest that elevated plasma levels of 
circulating adhesion molecules in patients with type 2 diabetes are rather related to 
hyperglycemia than to hyperinsuiinemia or insulin resistance. 


1172 

DECREASED INSULIN SENSITIVITY IS ASSOCIATED WITH LOWER 
ANTIOXIDANT ENZYME ACTIVITY BOTH IN TYPE 2 DIABETES 
PATIENTS AND NONDIABETICS W ITH CORONARY HEART DISEASE 

K. Lalic, P.B.Djordjevic, N.M Lalic, M. Ostojic, S. Markovic, M.Zamaklar, AJotic, 
and M.IIic. Institute for Endocrinology, Institute for Cardiovascular Diseases and 
Institute for Medical Biochemistry, Belgrade, Yugoslavia 

Background and Aims: It has been previously reported that decreases in insulin 
sensitivity (IS) are related to the impairments in systemic antioxidant enzyme activity 
in Type 2 diabetes patients with coronary heart diseaes (CHD). Thus, the aim of this 
study was to compare (a) IS levels and (b) lipid peroxide levels, being important 
oxidative agents, and antioxidant enzyme glutathione peroxidase (GSH-Px) and 
superoxide dismutase (SOD) activities in the following groups of subjects: 15 patients 
with Type 2 diabetes and angiographicaliy verified CHD (group A), 16 patients with 
Type 2 diabetes without CHD (group B), 14 nondiabctics with CHD (group C) and 
18 healthy controls (group D) Materials and Methods: IS was determined by a 2h 
euglycemic hyperinsulinemic clamp (blood glucose targeted to 90 mg/dl, insulin 
infusion ImU/kg/min) and expressed as total glucose disposal (TGD). Lipid peroxide 
levels were tested in thiobarbituric acid-reacting substance (TBARS) assay and GSH- 
Px and SOD activity were detected by spectrophotometry. Resuhs: We found that 
TGD was significantly lower in group A vs group B and in group C vs group D 
(A:2.3+/-0.8, B:4.3+/-0.7,C:4.8*/-1.3,D:8.8+/-1.8 mg/kgbw/min; A vs B and C vs D: 
p<0.05). Simultaneously, TBARS levels did not differ between groups A and group B 
and were slightly but not significantly higher in group C vs group D. Both GSH-Px 
and SOD activity were significantly lower in group A vs group B and in group C vs 
group D (GSH-Px: A: 22.9*/-2.1, B: 26.2+/-1.9, C: 27.8+/-2.2, D: 32.6U-2.5 U/gHb; 
SOD; A: 6.8+/-1.4, B: 9.1+/-1.3. C: 9.7+/-1.7, D: I2.1+/-1.6 U/mgHb, A vs B and C 
vs D p<0.05, respectively). The changes in TGD correlated significantly both with 
GSH-Px and with SOD activity levels in groups A (GSH-Px: r= 0.723, SOD.r ■* 
0.704,p<0 05) and C (GSH-Px:r= 0.803, SOD.r = 0.787;p<0.05) but not in groups B 
and D, while the changes in the TBARS levels did not correlate with TGD in neither 
of the groups. Conclusions: Our results signify that decreased IS is strongly 
associated with decreases in antioxidant enzyme activity both in Type 2 diabetes 
patients and in nondiabctics with CHD. The results imply that atherogenic influence 
of decreased IS might be mediated through an impairment of antioxidant enzyme 
activity both in diabetic and nondiabetic state. 
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CIRCULATING E-SELECTIN, INTRACELLULAR ADHESION CELL 
MOLECULE-1 AND VASCULAR CELL ADHESION MOLECULE-1 IN MEN 
WITH CORONARY ARTERY DISEASE ASSESSED BY ANGIOGRAPHY 
AND DISTURBANCES OF CARBOHYDRATE METABOLISM. 

I. Kowalska, M.Szelachowska, A.Kr^towski, A.St?pieri, H.Bachdrzevvska-Gajewska*, 

J. Prokop*and LKinalska. Department of Endocrinology,*Department of Cardiology, 
Medical Academy in Bialystok, Poland. 

Background and aims: It is hypothesised that adhesion molecules could be an early 
predictor for CHD. Therefore we investigated the relationship between concentrations 
of soluble forms of adhesion molecules and disturbances of glucose metabolism in 78 
men referred for coronary arteriography without previous history of diabetes. 

Materials and Methods: 78 men (mean age 47.7±6.9years, mean BMI-27,9±3,7) 
with symptoms of angina pectoris and positive exercise test were included in the 
study. In the whole group the standard OGTT with glucose and insulin estimations 
were performed. In the fasting plasma the concentrations of soluble forms of E- 
selectin, intracellular adhesion cell motecule-1 (ICAM-I), vascular cell adhesion 
molecule-1 (VCAM-1) and total cholesterol, HDL-cholesterol, triglycerides, Hb A | C 
were also measured. Depending on OGTT -10.2% of the patients (n=8) fulfilled the 
criteria for type 2 diabetes mellitus, 44.9%-impaired glucose tolerance (n=30). 

Results: The highest concentrations of E-selectin was observed in patients with type 2 
diabetes mellitus and was significantly higher in comparison to the group with the 
normal glucose tolerance and IGT. The concentration of sVCAM-1 increased with the 
progression of the disturbances of the glucose metabolism and remained the highest in 
type 2 diabetic patients. SICAM-1 concentration was higher in men with diabetes but 
the difference was not statistically significant. The significant correlation betw een sE- 
selectin and BMI (r=0.41, p.<0.0001), fasting glycemia (r=0.23, p.<0.05), post-load 
glycemia (1^0.39, p<0.001) and post-load insulin (r=0.32,p.<0.02) was observed. Also 
sVCAM-l correlated significantly with post-I03d insulin concentration (r=0.27, 
p.<0.05). 

Conclusions: We conclude that soluble forms of adhesion molecules and especially E- 
seJectin could be recognised as an early marker of damaged endothelium in patients 
with disturbances of glucose metabolism and changes in the coronary arteries. 
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Vascular Endothelial Growth Factor and ventricular remodeling in patients with 
type 2 diabetes and hypertension. 

R. Cipriani, G. Iacobellis, A. Gabriele, C. Bianchi, F. Panlellini, U. Di Mario and S. 
Morano. Department of Clinical Science, University La Sapienza, Rome, Italy. 

Background and Aims: Recent studies have demonstrated that, in diabetic patients, 
Vascular Endothelial Growth Factor (VEGF) has a protective action on cardiac 
microcirculation but no data are available on VEGF action on cardiac morphology 
and function. Experimental and clinical studies have pointed out that tissue hypoxia is 
associated with high circulating plasma levels of VEGF. The aims of this study were: 
1) to evaluate the plasma level of VEGF in hypertensive type 2 diabetic patients 2) to 
investigate the association between plasma VEGF levels and cardiac 
morphofunctional parameters. Materials and Methods: This study involved 29 
hypertensive patients with type 2 diabetes (11 F, 18 M), mean age 61.7+/-1.5 years, 
duration of disease 8+A7.3 years, without severe retinal or renal damage. All patients 
had their high blood pressure normalized to <140/85 mmHg BP following treatment 
with ACE inhibitors (n=15) and calcium antagonists (n=14). In each patient %HbAlc 
and VEGF were evaluated togheter with a M-B Doppler echocardiography to 
determine the following morphofunctional parameters: I) left ventricular mass 
(LVM), indexed LVM, relative wall thickness (RWT) to evaluate left ventricular 
geometry; 2) shortening fraction (SF) and ejection fraction (EF) to evaluate the 
sistolic function; 3) transmitralic early flow velocity wave/atrial early flow velocity 
wave (E/A) ratio and isovolumetric relaxing time (IRT) to evaluate diastolic function. 
Results: VEGF plasma levels, %HbAlc and the echocardiographic parameters were 
not significantly different in patients treated with ACEI inhibitors or Calcium 
antagonists. The patients were then subdivided in two groups according to their 
VEGF plasma levels: group A with VEGF>100 pg/ml (149.07+/-19.10 pg/ml, n=14) 
and group B with VEGF <100 pg/ml (3I.53+/-22.8 pg/ml, n=15). Comparison of the 
groups showed that group A had a significantly bigger RWT (0.42+/-0.06 vs 0.37+/- 
0.04, p<0.02). In women, plasma levels of VEGF were higher (II3.27+/-68.7 pg/ml 
vs 73.1+/-56.25) and the systolic function parameters were significantly better (SF 
42.36+/-4.3 % vs 38.11+/-7.9 %; EF 64.21+/-4.9 % vs 58.3+/-S.3 %, pO.02) than in 
men. Conclusions: Our data demonstrate that higher levels of VEGF are correlated 
with a better cardiac performance and with a reduction of the abnormal ventricular 
remodeling, confirming the protective role of this growth factor on myocardial tissue. 
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CARDIAC EXPRESSION OF NATRIURETIC SUBSTANCES LN 
EXPERIMENTAL DIABETES MELLITUS COMBINED WITH 
ANGIOTENSIN II INDUCED CARDIAC HYPERTROPHY 
E. Ruzicska (1), B. Sarman (1), G. Foldes (2), R. deChatel (2), R. Heikki (3), M. Toth 
(2), A. Somogyi (1). 2nd Department of Internal Medicine, Semmelweis University, 
Hungary (1); 1st Department of Internal Medicine, Semmehveis University, Hungary 
(2); Department of Pharmacology and Toxicology, University of Oulu, Finland (3) 
Background and Aims: Cardiac expression of A- and B-type natriuretic peptides and 
adrenomedullin (ANP, BNP, AM) w-ere characterized in healthy and diabetic (DM) male 
Wistar rats during the acute phase of angiotensin II (AH) induced cardiac hypertrophy 
(CH). Materials and Methods: DM was induced 2,5 or 7 weeks before All treatment by a 
single iv. injection of Streptozotocine (60 mg/body weight kg /B\W). All (33 pg/kg/die) 
was administered via subcutaneously implanted osmotic mini pumps for 24 hours. Left 
ventricular weight to body weight ratio (LV/BW) and left ventricular expression of atrial 
natriuretic peptide (ANP), B-type natriuretic peptide (BNP) and adrenomedullin (AM) 
were measured (total RNA isolation by guanidine isothyocianate-CsCI method and 
Northern-blotting). Four groups (n=9-13) were investigated at both time points (2,5wks 
and 7wks) of DM: control (C), AH treated (AD), diabetic (DM) and AD treated diabetic 
(AUDM). Results: All groups of diabetic animals (DM and AIIDM) had significantly 
higher blood glucose and fructosamine values compared to controls and All treated groups 
(C and AIT) p<0,05. All elevated the LV/BW ratio (2,5 wks: 2,02+0,14{AH) vs 

I, 90±0,09(C) p<0,036, 7wks: 2±0,I2(AII) vs 1,9+0,17(C) p<0,048, average+SD, mg/g). 
DM induced CH at 7wks (2,1 ±0,11 (DM) vs 1,9+0,17(C) p<0,0011), but not at 2,5wks 
(1,96±0,09(DM) vs 1,9+0,09(C) p<0,14). AH treatment and DM elevated LV/BW already 
at 2,5 wks (2,08+0,14 (AUDM) vs 1,96+0,09(DM) p<0,015), without a further increase at 
7wks (2,25+0,17(AIIDM) vs 2, l+O.l I (DM) p<0,129). Left ventricular ANP expression 
was the best marker of CH, changes in BNP expression were similar but smaller, AM 
expression did not change. LV ANP expression increased 4 fold in response to AO 
treatment at both time points (2,5wks: 4,8±0,8(AII) vs l+0,13(C) p<0,001; 7wks: 
3,2+0,4(AH) vs 1+0,13(C) p<0,0001, average+SEM, densitometric values corrected for 
18S protein expression, relaliv to control). DM alone also increased LV ANP expression 
(2,5wks: 3,5+O f 7(DM) vs 1+0,13(C) p<0,0025; 7wks: 2,2±0,2(DM) vs 1±0,13(C) 
p<0,00005). AH treatment in DM further increased LV ANP expression (2,5wks 

II, 1+0,8(AIIDM) vs 3,5±0,7(DM) p<l,4x!0-7; 7wks: 7,3±0,9(AHDM) vs 2,2+0,2(DM) 
p<0,00024). Conclusions: The results indicate that DM induces CH, which can be fiirther 
increased by acute All treatment ANP is the best tissue marker of CH under these 
experimental conditions. 


LACUNAR STROKE IN DIABETIC AND NON DIABETIC PATIENTS 

A. Kropiwnicka, L. Czupryniak, and J. Drzewoski. Diabetology and Gastroenterology 
Department. Medical University of Lodz , Lodz, Poland. 

Background and Aims: In general population lacunar stroke is believed to be 
associated w ith more favourable prognosis than other ischaemic strokes. However, it is 
not clear whether the same phenomenon occurs in diabetic patients. The aim of this 
study was to assess the frequency and severity of lacunar strokes in diabetic and non 
diabetic patients. Materials and Methods: The study subjects were 109 consecutive 
ischemic stroke patients divided into two groups: group 1-41 patients with type 2 
diabetes (17 men, 24 women, mean age 67.0±9.5 yrs, median of diabetes duration 10.0 
yrs), group 2-68 non-diabetes subjects (36 men, 32 women, mean age 6S.0+I3.0 
yrs). All patients had computed tomography performed on mean 6±5 days of 
hospitalization. The subjects were subdivided according to stroke type: transient 
ischemic attack (TIA), lacunar infarct (LACI), total anterior circulation infarct 
(TACI), partim anterior circulation infarct (PACI), or posterior circulation infarct 
(POCI), which were diagnosed upon clinical and computed tomography examinations. 
The severity of stroke was assessed according to the Scandinavian Stroke Scale (SSS). 
The prevalence of selected risk factors such as hypertension and atrial fibrillation was 


evaluated. Results: Hypertension and atrial fibrillation were noted in 30 (73.1%) and 
7 (17.1%) patients from group I respectively and in 49 (72.1%) and 18 (26.4%) 
subjects from group 2 respectively (p>0.05). Stroke types prevalence in diabetic and 


non-diabetic patients is eiven in the table. 


_TIA_ TACI _ PACI _ PQC1 _ LACI 

Group 1 3(7.3) 2(4.9) 5(12.2) 9(21.9) 

22(53.6)* 

Group 2 11(16.2) 5(7.3) _ 19(27.9) 11 (16.2) 22(32.3) 

Data are n (%); *p<0,0l vs group 2. 

In diabetes group there was no statistical significant difference between neurological 
deficit associated with LACI vs other ischemic strokes (SSS score 36.5 and 33.2 


points; p>0.05), while in non-diabetic group LACI was associated with milder 
neurological impairment when compared with other ischemic stroke types (SSS score 
38.3 and 32.4; p=0.036). Conclusions: The obtained results suggest that lacunar 
stroke is more frequent and leads to more significant neurologic impairment in diabetic 
than non-diabetic subjects. 
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RESISTANCE TO ACUTE INSULIN INDUCED DECREASES IN LARGE 
ARTERY STIFFNESS IS A COMPONENT OF THE INSULIN RESISTANCE 
SYNDROME 

J Weslerbacka, A. SeppahH-Lindroos and H. Ykl-Jarxinen; University of Helsinki, 
Department of Medicine, Division of Diabetes, Helsinki, Finland 
Background: Arterial stiffness has recently been recognized as an important 
cardiovascular risk marker. Physiological concentrations of insulin diminish wave 
reflection in the aorta in vivo. This decreases central blood pressure augmentation and 
augmentation divided by pulse pressure (the augmentation index, Agl), a measure of 
arterial stiffness. The aim of the present study was to examine whether a defect in this 
action of insulin is a feature of insulin resistance, and how it relates to other acute 
actions of insulin including stimulation of glucose uptake, peripheral blood flow and 
autonomic control of heart rate variation. Materials and methods: Actions of insulin 
were quantitated in 50 healthy men (age 34±2 yrs, body mass index 27± 1 kg'm 2 ) during 
2 sequential insulin infusions each lasting 120 min (1 and 2 mU/kgmin). Insulin action 
on arterial stiffness (Agl) was measured with pulse wave analysis, on peripheral blood 
flow with venous occlusion plethysmography and on autonomic control of heart rate 
variation with spectral power analysis. Results: Insulin decreased Agl significantly 
within 30 min, while significant increases in peripheral blood flow and normalized low 
frequency power of heart rate variation (LFn), a measure of sympathetic control of heart 
rate variation, w ere observed at 150 min and 210 min. A blunted decrease in the Agl 
was significantly associated w ith a low rate of insulin stimulated glucose uptake, but 
not with the other actions of insulin. Insulin action of the Agl was correlated w ith body 
mass index and the waist to hip ratio independent of basal Agl, age and LDL 
cholesterol. Conclusions: Physiological concentrations of insulin diminish large artery 
stiffness within 30 min in non-diabetic men. This action precedes insulin action on 
peripheral vasodilatation, heart rate and autonomic control of heart rate variation. It is 
correlated with insulin stimulation of glucose uptake and is blunted by known causes of 
insulin resistance including overall and abdominal obesity. Resistance of large arteries 
to insulin induced decrease in their stiffness is therefore another facet of insulin 
resistance which could contribute to the association between insulin resistance and 
cardiovascular disease. 
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INTLMA-MEDIA THICKNESS IS ASSOCIATED WITH GLUCOSE 
STIMULATED INSULIN SECRETION IN FIRST-DEGREE RELATIVES OF 
TYPE 2 DIABETIC PATIENTS AND THEIR CONTROLS 

F. PellmS, E. LOfstedt, R Brekke*, P.A Jansson, The Lundberg Laboratory for 
Diabetes Research and Department of Clinical Nutrition*, University of Goteborg, 
Sw-eden. 

Background and Aims: Endothelial dysfunction is associated with insulin resistance 
in normoglycemic first-degree relatives (FDR) of type 2 diabetic patients. In this 
study, we examined whether beta-cell function and/or insulin sensitivity is associated 
with intima-media thickness (IMT) of the right carotid artery in FDR and healthy 
control subjects. 

Materials and Methods: We recruited 45 normotensive and normoglycemic male 
FDR and 40 male healthy non-diabetic control subjects for the study. They were 
investigated with an intravenous glucose tolerance test followed by an insulin 
injection iv (Minimal Model) and ultrasound measurement of the right carotid bulb. 
Results: Age (44±1 vs 45±I yrs (Mean±SE), BMI (25.7±0.4 vs 24.6±0.5 kg/m2), 
acute insulin response (AIR) (0-10 min) following 0.3g/kg glucose iv (409±45 vs 
381 ±59 mU/1) and IMT (0.797±0.033 vs 0.755±0.033 mm) was similar in the groups. 
However, HbAlc was higher (4.7±0.06 vs 4.3±0.04 %, p>0.0001) and insulin 
sensitivity (IS) decreased (330±36 vs 420±41 pl/mU/min, p<0.05) in FDR. 
Furthermore, there was an association between IMT and AIR (rs:0.274, p=0.0148), 
IMT and WHR (rs:0.248, p=0.025), but not for IMT and IS (rs:-0.094, p=0.404) in the 
groups (n=85). 

Conclusions: EMT may be more strongly associated with beta-cell function than with 
peripheral insulin sensitivity in FDR and healthy control subjects. 
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CAROTID ATHEROSCLEROSIS IN DIABETES MELL1TUS AND IN 
ISCHEMIC HEART DISEASE: ULTRASONOGRAPHIC EVALUATION 
S. Inchiostro, M. Dal folio, A. Marzano, N. Citroni, S. Peccatori, D. Fait and G. De 
Venuto. Divisionc di Mcdicina 1°, Ospcdale S. Chiara, Trento, Italy. 

Background and Aims: Diabetic patients without ischemic heart disease (IHD) 
have a risk of myocardial infarction (Ml) similar to non-diabetic subjects with 
previous Ml. Since carotid atherosclerosis (CA) is an important marker of coronary 
atherosclerosis, we used carotid ultrasonography to evaluate if diabetic patients 
without IHD show a CA level similar to non-diabetic subjects with IHD. Materials 
and Methods: Using a high-resolution B-mode ultrasound (Hewlett Packard Sonos 
5500) equipped with a 7.5 MHz imaging transducer, we studied 782 subjects (41.2 
% male), ageing > 55 years (69.8 ±8.9 years), 598 without cardiovascular disease 
(CVD) nor diabetes (DM) (N), 74 diabetics without CVD (D), 74 non-diabetics with 
IHD (1) and 36 diabetics with IHD (D+l), consecutively attending our vascular 
ambulatory. Three longitudinal views of the common, bifurcation and internal 
carotid arteries were examined bilaterally, searching for the maximum intima-media 
thickness (IMT). CA was classified as: absent (ABSXIMT <0.9 mm); thickened 
(THIXIMT^O.9 and <1.5 mm); plaque (PLXIMTSl.5 mm and internal carotid 
systolic velocity [CSV] <125 cm's); stenosis (STXIMT>1.5 mm and internal 
CSV>125 cm's). Results: The percentage of patients in the combined PL and ST 
classes were 67.7%, 83.8%, 79.7%, and 91.7% for N, D, I and D+l, respectively (p < 
0.05-0.001 N vs D, I, and D+l). Compared to N, the prevalence of D (ABS: 4.1%, 
Till 6.4%, PL 13%, ST 14.8%, p = 0.0057), I (ABS: 6%, Till: 7.6%, PL: 10.2%, S 
T 23.3%, p = 0.0007) and DM (ABS: 0%, THI: 2%, PL: 5.6%, ST 15.9%, p < 
0.0001) increased significantly in the more advanced CA classes. After adjustment 
for age, sex and the common cardiovascular risk factors, the progression of CA 
classes was significantly associated with D (Odds Ratio [OR] for trend 1.67 [C.l. 
1.28-2.07], p = 0.01), as well as with 1 (OR 1.50 [C.l. 1.13-1.88], p = 0.03). The OR 
for the association of CA classes w ith D+l showed an additive value (OR 3.74 [C.l. 
3.11-4.37], p < 0.001). Conclusions: Diabetic patients without IHD show a CA 
severity similar to non-diabetic subjects with HID. The coexistence of DM and IHD 
exhibits an additive effect on the CA severity. 
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SERUM LEVELS OF NITRIC OXIDE METABOLITES AND INDUCIBLE 
NO-SYNTHASE IN OBESE AND NON-OBESE DIABETIC SUBJECTS 
L.A.Mogilnitskal and B.N.Mankov$ky2, Khmelnitsky Regional Hospital 1, Institute 
of Endocrinology and Metabolism2, Kiev, Ukraine 

Background and Aims: The disturbances of nitric oxide (NO) production and 
activity have been implicated in the pathogenesis of diabetes and its complications. 
However, the association between changes in NO production and obesity in diabetic 
patients remains not fully understood. Therefore, the aim of the study was to 
investigate serum levels of NO metabolites - N02 and N03 and inducible NO- 
synthase (iNOS) in obese and non-obese diabetic patients 

Materials and Methods: We studied 10 diabetic patients with obesity (age: 56.31-2.2 
years, BMI: 35.3+0.8 years, waist/hip ratio (WHR) - 0.93+0.03), 9 patients with 
diabetes without obesity (age: 52.1 + 1.6 years, BMI: 24.2+0.8 kg/m2; WHR- 
0.83+0.02), and 19 non-diabetic subjects - 9 obese (age: 52,8+2.1 years, BMI: 
33.9+0.6 kg/m2; WHR - 0 89+0.02), and 10 non-obese (age: 47.4+1.4 years, BMI: 
24.0+0.6 kg/m2; WHR - 0.85+0.02). Serum N02 and N03 levels were determined by 
spectrophotometry. Statistical analysis was performed by Student's paired test. 

Results: There were no significant changes of the levels of N02 and N03, iNOS 
between obese and non-obese subjects cither in the group of diabetic or r.on-diabctic 
persons. However, we found an increase of N02 , N03, iNOS serum levels in patients 
with diabetes compared to control subjects in obese and non-obese ones. In obese 
subjects N02 serum levels were 0.10+0.02 and 0.03+0.01 nmol/mg of protein, 
p<0.05, N03 - 7.8+0,8 and 4.7+1.1 nmol/mg of protein, p<0.05, iNOS - 23.2+3.3 and 
11.2+1.7 nmol/mg of protein, p<0 05, in those with and without diabetes, 
respectively. In non-obese subjects this trend was less pronounced - N02 levels were 
0 07+0.02 and 0.04*0 01 nmol/mg of protein, p^0.06, N03 - 8.6+2.2 and 4.6+1.2 
nmol/mg of protein, p=0.07, iNOS - 18.4+3.0 and 12.9+1.6 nmol/mg of protein, 
p=0.07, in those with and without diabetes, respectively. 

Conclusions: The revealed changes of N02, N03, iNOS serum levels could reflect an 
activation of NO pathway in patients with diabetes while the difference in body mass 
docs not seem to contribute to this activation. 
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HYPERGLYCEMIA INCREASES NITRIC OXIDE PRODUCTION IN 
CARDIAC FIBROBLASTS FROM HYPERTENSIVE RATS 
A.M. Manso, M. Salaiccs, M.E. Pacheco, EC. Garcfa-Cohen, S. Tovar and J. Redondo. 
Dpto. Farmacologfa, Facultad de Mcdicina, Universidad Autdnoma, Madrid (Spain). 
Background and Alms: Clinical results indicate that there is higher mortality after 
myocardial infarction in diabetic patients with hypertension. In the ischemic myocardium, 
an increased synthesis of interleukin-1B (IL-16) has been observed. This cytokine 
stimulates nitric oxide (NO) production by regulating inducible NO synthase (iNOS) 
expression. Several laboratories have also showed that cardiac fibroblasts (CF) are a main 
source of NO in the post infarction period Therefore, the aim of our study was to 
investigate the effect of hyperglycemic conditions on IL-IB-induced NO production and 
iNOS expression in these cells from hypertensive and normotensivc rats. Materials and 
Methods: Cultured adult CF from normotensive Wistar-Kyoto (WKY) and spontaneously 
hypertensive (SHR) rats were used. Cells were incubated with either 5 mM (control) or 22 
mM (hyperglycemic conditions) glucose for 72 hours, with or without IL-1B (0.1 ng/ml) in 
the last 24 hours. Nitrite production by Gricss reaction and iNOS expression by 
Western-blotting were determined. Results: High glucose modestly increased NO 
production in basal conditions in CF from both strains (WKY: 12.70±1.72 nmol/mg 
protein (control), 24.22±3.83 nmol/mg protein (hyperglycemia) p<0.02; SHR: 14.77±1.12 
nmol/mg protein (control), 28.86±2.19 nmol/mg protein (hyperglycemia) p<0.001). This 
effect was significantly enhanced when the cells were stimulated with IL-18, and was 
higher in the cells from hypertensive strain (WKY: 38.06±8.43 nmol/mg protein (control), 
98.05±16 nmol/mg protein (hyperglycemia) p<0.01, SHR: 72.65±3.83 nmol/mg protein 
(control), 139.60+7.58 nmol/mg protein (hyperglycemia) p<0.001). In accordance to this, 
CF from both strains stimulated with IL-IB showed an enhanced iNOS expression under 
hyperglycemic conditions. This increase on NO production and iNOS expression was not 
modified by inhibition of protein ldnase C (calphostine 0.2 pM) or superoxidc dismutasc 
(300 U/mJ) but reversed with tunicamicyn (0.5 pg/ml), an inhibitor of N-linked 
glycosylaiion. Conclusions: These results indicate that hyperglycemia increases NO 
production and iNOS expression in CF stimulated with 1L-1B, this effect being higher in 
cells from SHR. Hyperglycemia effect docs not seem to be related to PKC activation or an 
increased superoxidc anion production but mediated by N-linked glycosylaiion of proteins. 
The higher increase on NO production observed in CF from hypertensive animals might 
be in accordance to the worse prognosis that after myocardial infarction show the diabetic 
patients with hypertension. [Supported by DGICYTBXX2000-0153 and Lilly]. 
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EFFECTS OF AMLNOGUANIDINE ON REACTIVE OXYGEN SPECIES AND 
NITRIC OXIDE RELEASE IN TARGET TISSUES OF DIABETIC RATS 
N.S. Akalin. D. Yavuz, H. Cacina, G. Haklar and O. Dcyneli. Marmara University, Dept 
of Internal Medicine, Istanbul, Turkey. 

Background and AI rm Increased oxidative stress is associated with tissue damage in 
diabetes. Glycooxidation is one of the sources of pennanent oxidative damage in diabetic 
animals and humans.The aim of this study was to investigate the effects of 
aminoguanidinc(AG), which is an inhibitor of advanced glycation endproducts and nitric 
oxidc(NO) synthesis.on reactive oxygen species (ROS) and NO release from the target 
tissues of diabetic rats. Materiab and Methods: Diabetes was induced by streptozotocin 
in 10 male wistar rats. After 1 wcek,6 of the diabetic rats (Group A) were given AG 
hydrogen carbonate 1 gr/L in drinking water ad libitum;4 diabetic rats were given tap 
water (Group B).Six healthy rats were followed as control (Group C).At the end of 6 
week period skin, kidney and heart tissue samples were collected and the following 
parameters were measured.Glucose determined with glucosoxidasc.NO release was 
established with luminol and H202 system.ROS were measured by luminol and lucigenin 
enhancement with chemiluminescence. Results: Plasma glucose levels were 92.6+7.5, 
260.7+84, 251.6+53.4 mg/dl for group C, B, A respectively. Diabetic groups ha\c higher 
levels than healthy controls (pO.OOl).NO measurements were 281.7+45.2, 610.7+267, 
231+93 £nol.min-l(g tissue weight)-l in skin; 124.3+52.3, 329.3+115, 129.6+23.5 
find.min-l(g tissue weight)-1 in kidney; 286.8+88.7, 411.7+141.285.9+122 find.min-l(g 
tissue weight)-1 in heart tissues for group C, B, A respectively. Group B had higner lc\el 
of NO release than other groups (p0.05).Luminol enhanced measurements were 
151.7+20.9, 217.4+71.8, 141.1+37 AUC rlu/ir.g in skin; 105.9+30 2, 190.2+57.2, 
118.3+36.1 AUC rlu/mg in lddney.125.6+21.2. 169.3+74.2. 132.4+54 AUC rlu/mg in 
heart for group C3A respectively. Lucigenin measurements were 195.2+43.5, 
262.2+85.2, 130.9+30.3 AUC rluAng in skin; 154.6+18.6, 256 8+90.7, 134.4+9.3 UAC 
rlu/mg in kidney, 139.2+43.1,182.7+90,170.5+39 AUC rlu/mg in heart for group C, B, A 
respectively. Skin and lridncy tissues of diabetic controls had higher levels of both 
luminol (p<0.05)and lucigenin (jxO.Ol) enhanced ROS measurements compared to 
groupA and C. NO release was found to be correlated with luminol (r=0.62, p<0.0001) 
and lucigenin (r=0.5l,p<0.002) measurements in all tissue samples of 3 groups. 
Concluslon ROS and NO release were significantly increased in skin and kidney tissues 
of diabetic rats. Increased peroxynitrite formation seems to play a major role in tissue 
damage in short term period in our model.AG treatment lowered NO release and 
peroxyni trite formation. This could be one of the mechanisms bv which AG protects 
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PLASMA HOMOCYSTEINE AND CHRONIC COMPUCATIONS IN TYPE 1 DIABETES. 
M.P. Hermans, J. Jamart 1 , AS. Dramais, P. WaHemacq, M. Buysschaert, Service 
d'Endocrinologie et Nutrition, UCL 54.74, Cliniques Unrversitaires St Luc, B-1200 Bruxelles 
et ’Centre de Biostatistiques, Cliniques Unrversitaires de Mont-Godinne, B-5530 Yvoir, 
University Catholique de Louvain, Belgique. 

Background and Aims: Elevation of plasma homocysteine (tHcy) is independently 
associated in typo 2 diabetes with a higher prevalence of nephropathy and 
macroangiopathy. In type 1 diabetes, only an handfull and rather contradictory studies have 
dealt with this relationship. Therefore, we determined the distribution of tHcy concentrations 
in a selected cohort of type 1 diabetic patients and assessed whether tHcy values were 
independently related to chronic complications. Materials and Methods: 71 consecutive 
patients (48% males) admitted to the ward for poor glycaemic control and/or treatment of 
complications, especially macroangiopathic, were included. Age and duration of diabetes 
(DD) were 51 (34-63) and 23 (13-32) years (median [percentile 25-75]), respectively. Body 
mass index (BMI) was 24 (21-26) kg/m* while systolic and diastolic blood pressure (BP) 
levels were 130 (120-150) and 80 (70-80) mmHg. 14 and 23% were past or current 
smokers. Antihypertensive and/or hypolipidemic drugs and/or aspirin were given to 13,42 
and 19% of subjects. HbAic was 9.3 (8.2-10.5)%. Neuropathy, retinopathy, nephropathy 
and macroangiopathy were present respectively in 60,62,30 and 41% of patients. Plasma 
tHcy was determined in the fasting state using a FPlA-lMx analyser (Abbott). Results: 
tHcy was 9.2 (4.7-26.2) pmoLl Raised tHcy levels (> 15.0 pmoLl) were present in 15% of 
the cohort. Vitamin B12 and folic add were 561 (42&-6S8) pg/ml and 5.7 (4.4-7.3) ng/ml. 
Univariate statistical analysis shewed a positive assodation between tHcy and age 
{P<Q. 001), DD (PO.OOI), systolic BP (P<0.001), plasma creatinine (P<0.001), cholesterol 
(C)HDL-C (P=0.021), neuropathy (P<0.001), retinopathy (P<0.001) and nephropathy 
(P<0.001). tHcy was also higher in patients with than without macroangiopathy (13.2(9.6- 
15.7] vs. 7.8[6.5-9.2) pmol/l, F<0.001). No association was observed with HbAic, A 
negative correlation was found with folic acid (P=0.014) and creatinine clearance (P<0.001) 
When major variables (sex. age, diabetes duration, BMI/BP, smoking, HbAtc, lipids) were 
taken into account for multiple logistic regression, we confirmed an independent 
assodation of tHcy with age (P=0.003), plasma creatinine (P<0.001) and folic add 
(P=0.014), but not with vascular complications. Conclusions: Increased tHcy is present in 
15% of poody-controded type 1 diabetic patients and is assoaated with age, creatinine and 
folic add levels. In this type 1 population, there was no independent correlation of tHcy with 
macroangiopathy. 
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IMPROVED GLYCEMIC CONTROL IN TYPE 2 DIABETES PATIENTS IS 
ASSOCIATED WITH DECREASE IN TOTAL PLASMA HOMOCYSTEINE 

L. Czupryniak, E. Bald*, and J. Drzewoski. Diabetology and Gastroenterology 
Department, Medical University of Lodz ; * Environmental Chemistry Department, 
University of Lodz, Lodz, Poland. 

Background and Aims: It has been shown that homocysteine, a newly established 
risk factor for cardiovascular disease, tends to be increased in type 2 diabetes 
mellitus. Animal studies have suggested that insulin may play a role in 
homocysteine metabolism regulation. The study aimed at assessing the effect of 
improved glycemic control achieved with insulin treatment on total plasma 
homocysteine (tllcy) in poorly controlled type 2 diabetes patients. Materials and 
Methods: This 6-month prospective study comprised 78 subjects divided into 3 
groups: group 1 - 30 type 2 diabetes patients (mean age 62.6±7.9 yrs) in secondary 
failure to sulfonylurcas, in whom insulin therapy was initiated at baseline; group 2 — 
30 type 2 diabetes patients (mean age 61.2±8.4 yrs) sufficiently treated with 
sulfonylureas and maintaning their treatment throughout the study; group 3-18 
healthy subjects (mean age 63.0±6.3 yrs) serving as controls. Fasting tllcy, folic 
acid, vitamin B| 2 , and HbA| C levels were assessed at baseline and after 6-month 
period, tllcy was measured with high performance liquid chromatography (HPLC), 
folic acid and vitamin B^ - microparticle immunoenzymatic method MEIA, HbA lc 
- low pressure chromatography. Results: Mean (±SD) total plasma homocysteine 
and glycated hemoglobin HbA lc are shown in the table._ 


group 

1 

2 

3 


_ HbA tc (%) _ 

baseline alter 6 months 
10.8±1.6‘ b 8.1±1.5‘ 

6.910.4 d 7.210.5 d 

5.110.3_ 5.010.3 


_ tHcy (pmof/1) _ 

baseline after 6 months 
14.4±2.4 ,b 11.013.6 c 

8.413.1 8.112.8 

6.912.7_7.212.9 


* p<0.001 vs after 6 months' values in group l; 0 p<0.0001 vs all values in group 2 
and 3 ; c p<0.05 vs all values in group 2 and3; 4 p<0.0l vs all values in group 3. 
Folic acid and vitamin B| 2 concentrations were within their reference ranges at 
baseline and after 6 months’ follow-up in all study subjects. Conclusions: Improved 
glycemic control achieved with insulin therapy in type 2 patients was associated 
with decrease in total plasma homocysteine level. 


DYSFUNCTION OF POLYMORPHONUCLEAR NEUTROPHILS 
IN PATIENTS WITH TYPE I DIABETES 

K. Grykiel, D. Zozulinska, K. Wiktorowicz * and B. Wierusz-Wysocka 
Department of Internal Medicine and Diabetology, Raszeja Hospital, * Laboratory 
of Cellular Immunology, Academy of Medicine in Poznan, Poland 
Background and aims: Polymorphonuclear neutrophils (PMNs) play an 
important role in the pathogenesis of diabetic vascular complications. Stimulation 
of these cells is associated with the appearance of specific receptors on their 
surface and desquamation of L-selectin. The aim of the study was to evaluate the 
serum concentration of L-selectin and the expression of specific PMN receptors: 
CDllb, CD18. Materials and methods: the study was performed in a group of 
80 Type I diabetic patients, aged 30.719.7 years, 46 females and 34 males, with 
diabetes duration 13.0 ± 8.0 years; HbAlc 7.80 ± 2.34 %; fmetosamine 348.6 ± 

99.4 pmol/1; FPG 8.3 ± 2.8 mmol/1. The serum concentration of L-selectin was 
estimated with the use of the ELISA test. The expression of PMN surface 
receptors was measured by flow cytometry using Ortho-diagnostic system 
cytofluorimeter. The results were presented as a PMN percentage indicating 
expression of CDllb and CD18 and as mean channel fluorescence intensity 
(MFI). Results: in comparison with healthy subjects we observed significantly 
higher serum concentration of L-selectin in Type 1 diabetic patients (954.0 ± 13.0 
vs 1373.9 ± 232.1 ng/1, p<0.05). The percentage of PMN with presence of 
CD1 lb and CD18 receptors was significantly higher (CD1 lb: 98.7 ± 0.6 vs 93.2 ± 

3.4 %, p<0.05; CD 18: 99.5 ± 0.5 vs 98.1 ± 0.5%, p<0.05) but the MFI values for 
CDllb and CD18 were significantly decreased in diabetic patients in comparison 
with controls (MFI CDllb: 148.0 ± 9.9 vs 159.0 ± 5.6, p<0.01 and MFI CD18: 
144.2 ± 9.5 vs 161.7 ± 3.0, p<0.01). We did not find any correlation between 
expression of CD1 lb/CD 18, serum concentration of L-selectin and duration of the 
disease, HbAlc, frucosamine, FPG or presence of late diabetic complications. 
Conclusions: the results suggest enhanced activity of unstimulated PMNs and 
may indicate their lower response after stimulation. 
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Abnormal neutrophil actin assembly is associated with increased Beta2integrm 
expression in Type 2 diabetes. 

A. Advani, S.M. Marshall and T.IL Thomas. Department of Medicine, Newcastle 
University, United Kingdom. 

Background and Aims: Neutrophil dysfunction is common in patients with diabetes. 
Many neutrophil functions rely on remodelling of the actin cytoskeleton. Patients with 
Type 2 diabetes are also at increased risk of cardiovascular disease. Neutrophils are 
implicated in the pathogenesis of cardiovascular disease through their expression of the 
beta2integrin, Mac-1, which is a dimer of CDllb and CD18. We examined neutrophil 
actin assembly in Type 2 diabetes and its effect on CDllb expression in response to 
activation with PMA Materials and Methods: Type 2 diabetic patients (T2DM) were 
from the regional diabetes centre- fasting blood glucose >7.0 mmol/1 or 2 hour post 
glucose load level >1 l.lmmol/l (n=l 1, mean age 58.5 years). Age of diagnosis of Type 2 
diabetes was >40 years, arterial pressure <140/90mmHg; BMI <30Kg/m2 and there was 
absence of microalbuminuria on 3 separate albuminxreatinine ratios. Normal controls 
(NC) had a fasting blood glucose <7.0mmol/L (n=15, mean age 62.7 years). Blood cells 
were incubated with lOOng/ml PMA for 30 minutes, stained with anti-CDllb-PE, fixed, 
permeabilised and stained with FITC-phalloidin, which binds F-actin. Samples were 
analysed by Facscanner. Results are means +/- S.E. and analyses by Student's T-test 
Results: In both NC and T2DM there were three populations of neutrophil- 

(1) Lowphalloidin-binding: NC- 50.7+7-2.6% cells, 13326+7-1389 phalloidin-binding sites, 
56234+7-6307 CDllb sites; T2DM- 59.2+7-2.9% cells, 15571+/-2952 phalloidin-binding 
sites, 45101+7-5035 CDllb sites. 

(2) Medium phalloidin-binding: NC- 11.6+/-1.4% cells, 94996+7-12307 phalloidin-binding 
sites, 46756+/-7714 CDllb sites; T2DM- 11.5+/-1.5% cells, 123228+-/-14058 phalloidin- 
binding sites, 39675+/-4985 CD1 lb sites. 

(3) High phalloidin-binding: NC- 37.7+7-1.9% cells, 222717+/-15523 phalloidin-binding 
sites, 208+7-169 CDllb sites; T2DM- 29.2+7-2.1% cells, 237695+7-16593 phalloidin- 
binding sites, 405+/-180 CD1 lb sites. 

The proportion of cells with high levels of phalloidin-binding and hence increased F-actin 
was significantly higher in NC than T2DM (p=0.0023). In both groups, cells with high 
levels of phalloidin-binding had significantly less CDllb sites (p<0.0001). In T2DM 
there was not an associated increase in cells with medium-binding suggesting a defect in 
the initiation of actin assembly in response to PMA. 

Conclusions: Neutrophil actin assembly is impaired in Type 2 diabetes. This is associated 
with an increase in die expression of CDllb which is important in the pathogenesis of 
cardiovascular disease through increased neutrophil-endothelial binding. 
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INSULIN ABILITY TO STLMULATE PAI-I RELEASE IS PRESERVED LN 
FIBROBLASTS FROM INSULIN RESISTANT INDIVIDUALS. 

G. Pellegrini, A. Solini, A. Pandolfi, E. De Filippis, P. Chiozzi, E. Vitacolonna, F. 
Capani and A Consoli. Chieti and Ferrara, ITALY 

Background and Aims: Plasma PA1-1 levels are increased in insulin resistant 
states and impaired fibrinolysis might be one of the links between insulin 
resistance and accelerated atherosclerosis. Insulin can stimulate PAI-1 synthesis 
and gene expression in a variety of cell types, including hepatocyte, vascular 
smooth muscle cells and fibroblasts. However, in order for the insulin resistance 
induced hyperinsulinemia to be able to increase PAI-1 in vivo, sensitivity to 
insulin stimulation of PAI-1 synthesis needs to be preserved in the presence of 
insulin resistance in glucose metabolism. To test whether this was true, insulin 
effect on PAI-1 release in the culture medium was studied in fibroblasts from 
individuals with different degrees of insulin resistance. 

Material and Methods: Six fibroblast strains were cultured from skin biopsies 
obtained from 3 insulin sensitive (clamp M > 7pmol/Kg/min) and 3 insulin 
resistant (clamp M < 5pmol/Lg/min) volunteers matched for age and BMI. On 
each strain, insulin stimulation (lOnM) of 14C 2-deoxy-glucose uptake, glycogen 
synthesis and PAI-1 release in the culture medium were measured on separate 
experiments. 

Results: In fibroblasts from insulin resistant individuals, insulin stimulated 
glucose uptake and glycogen synthesis less as compared to insulin sensitive 
individuals (1254:8.5 vs 188*39.6 pmol/g prot, p<0.05 and 0.584.0.02 vs 
0.74±0.03 mg glycogen/g protein, p<0.01, respectively). However, insulin 
stimulated PAI-1 release in the culture medium was not different in fibroblasts 
from insulin sensitive and insulin resistant individuals (41.9*7.8 vs 35.9*12.7 
ng/ml, p= n.s.). 

Conclusions:This data show that insulin ability to stimulate PAI-1 release is 
preserved in cells from insulin resistant individuals in which glucose uptake is 
resistant to insulin stimulation. Thus, in the insulin resistance syndrome, 
hyperinsulinemia might be one of the culprit for the observed increase in PAI-I 
levels. 
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Cessation smoking decrease transforming growth factor p, plasma and 
urinary levels in patients with type 1 diabetes meliitus. 

E. Esmatjcs, Naf S, M. Vidal, L. Flores. Diabetes Unit, 1DIBAPS. Hospital Clinic, 
Barcelona, Spain 
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Plasma and urinary transforming growth factor p| levels in patients with type 
1 diabetes meliitus and microalbuminuria 

L.Flores, Mur C, Simo O, Lario S, Ifligo P, E. Esmatjcs. Diabetes, Nephrology 
Unit, 1DIBAPS. Hospital Clinic, Barcelona, Spain 


Background and Aims. Tobacco consumption has been implicated in increased 
risk for diabetic nephropathy. Transforming growth factor Pi (TGF pj) plays a role 
in the pathogenesis of this complications. The aim of our study was to prospectively 
assess the effects of smoking cessation on TGFP! plasma and urinary levels in 
cigarette smokers with type 1 diabetes meliitus (DM). Patients and Methods. 
Sixteen patients (9 females, 7 males; aged 30 + 4 years) with type I DM (mean 
duration 12 + 7 years), BMI 25 + 2 kgftn 2 , with normal urinary albumin excretion 
(UAE), who smoked > 15 cigarettes/day, were included in a smoking cessation 
program. Before and at 1 week, 4 weeks and 12 w eeks after cessation of smoking 
plasma and 24-h urinary TGFp) levels were determined Urinary colinine was 
measured as a index of smoking consumption and abstinence. The total plasma and 
urinary concentrations of TGF pi were measured by enzyme-linked immunoassay. 
Results. TGFP| and UAE were logarithmically trasnformed before statistical 
analysis. The main results are shown in the following table: _ 



0 

Weeks 

1 

4 

12 

n 

16 

16 

it 

9 

TGF-p, (ng/ml) 

12.437.3 

9.1+6.9 

8.8 +7.1 

5.8+4.0* 

TGF-p i (ng7g creatinine) 

16.918.7 

14.2+8.8 

14.2+8.7 

10.3+2.0* 

Cotininc ( ng/ml) 

1473+528 

16.5+4.2 

0 

0 

Weight (Kg) 

71.0+11.8 

71J+11.0 

72.2+10.0 



•pO.Ol vs. week 0 

Conclusions. Our data suggest that cessation smoking in diabetic patients produces 
a reduction in TGF Pi plasma and urinary levels, this is an additional argument to 
encourage diabetic patients to give up smoking. 


Background and Aims. Transforming growth factor Pj(TGFp|) has been 
implicated in the pathogenesis of diabetic nephropathy (DN). The aim of our study 
was to evaluate TGFpi activity in type 1 diabetes meliitus (DM) with and without 
microalbuminuria and non-diabetic controls. Patients and Methods. We evaluated 
TGFp| plasma and 24-h urine levels from 20 non-diabctic subjects and 50 patients 
with type I (DM), 15 with microalbuminuria and 35 with normal urinary albumin 
excretion (UAE). All patients were normotensive and had not been taking 
angiotensin II (All) converting enzyme inhibitor or All antagonist drugs. Total 
plasma and urinary concentration of TGFPi were measured by enzyme-linked 
immunoassay. Results. TGFp, and UAE were logarithmically transformed before 



controls 

DL4BETES 

normoalbu min uric microalbumlnurle 

n: 

20 

35 

15 

Age (>t) 

34.2+7.9 

33.0+8.1 

31.8+10.1 

Diabetes duration (yr) 

- 

13.0+5.1 

17.2+7.9 

TGF-P, (ng/ml) 

4.7+3.7* 

10.8 + 8.6 

11.4+7.7 

TGF-p | (ng/g creatinine) 

5.3+2.2* 

12.1±5.1 

12.2+7.8 


• P 0.01, controls vs. diabetic patients; yr: years 
In norm oal bum in uric group, the smoker patients had plasma (15.5+10.0 ng/ml) 
and urinary TGFPj levels (14.3+3.7 pg/g creatinine) higher than non-smokers 
(7.9+ 6.2 ng/ml and 10.9.+5.5 pg/g creatinine in plasma and urine, respectively, p < 
0.04). Conclusions: We concluded that TGFp, activity is higher in T)pc 1 DM 
patients than in control subjects. However, these parameters not difference between 
norm oal bum in uric and microalbuminuric patients. Increased TGFp, activity in 
smokers is consistent with the hypothesis that smoking is an important factor in 
the development DN, provinding a mechanistic link between smoking and DN. 
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Evidence for a novel transforming growth facto r-S I-independent mechanism of 
fibrosis in mesangial ceils overexpressing glucose transporters 

C. Weigert, K. Brodbeck, M. Huber, R. Lehmann, U. Friess, S. Aulwurm, F.C. Brosius III. 
C.W. lleilig, ILU. Hacring, E D. Schleicher 

Dept of Internal Medicine, University of Tuebingen, Germany and III Division of 
Nephrology, John Hopkins School of Medicine, Baltimore, MD. USA 
Background and Aims: Recent experimental work indicates that the hyperglycemia- 
induced increase in mesangial matrix production, a hallmark in the development of 
diabetic nephropathy, is mediated by an increased expression of glucose transporter 1 
(GLUT1). Mesangial cells stably transfected with the human GLUTI (GT1 cells) mimick 
the effect of hyperglycemia on the production of extracellular matrix proteins when 
cultured under normoglycemic conditions. In the present study we investigated the 
molecular mechanism of the increased matrix production in GT1 cells. 

Materials and Methods: GTi cells and LacZ cells overexpressing fVgalactosidase as 
control cells were cultured in experimental medium containing 6 mM glucose. 
Supernatants (w/o foetal calf serum) w ere collected for determination of fibronectin and 
transforming growth faclor-Dl (TGF-B1) by ELISA Total RNA was prepared for northern 
blotting, cellular or nuclear extracts were prepared for western blotting or electrophoretic 
mobility shift assays Hexosamines were measured by capillary electrophoresis and 
generation of reactive oxygen species by FACS. 

Results: While in normal mesangial cells the hyperglycemia-induced matrix protein 
expression is mediated through overexpression of TGF-B1 wc found no increased 
expression of TGF-B1 in the GTI cells and addition of anti-TGF-Bl antibodies did not 
prevent the enhanced fibronectin production. Because fibronectin and other matrix 
proteins contain AP-1 responsive elements in their promoters the activation of this 
transcription factor was studied in GTI cells. We found strong increases in the nuclear 
amount of Jun proteins leading to enhanced DNA binding activity of an AP-1 complex. 
Addition of the AP-1 inhibitor curcumin significantly reduced the level of secreted 
fibronectin protein. In contrast to mesangial cells exposed to high glucose no activation of 
the hexosamine biosynthetic pathway, the p38 or the ERK1/2 MAPK pathway could be 
detected, which can be explained by the absence of oxidative stress in the GTI cells. 
Conclusions: Our dau indicate that in mesangial cells increased glucose uptake under 
normoglycemic conditions induces fibronectin production via activation of pathways 
different from hyperglycemia-induced activation. Therefore, TGF-B1-dependent and/or - 
independent pathways may be involved in the development of diabetic nephropathy. 
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THE ROLE OF SRC HOMOLOGY 2 CONTAINING PROTEIN TYROSINE 
PHOSPHATASE 2 (SHP2) ON PROLIFERATION OF RAT SMOOTH 
MUSCLE CELL 

N. Scki, N. Hashimoto, Y. Suzuki and Y. Saito 

Deportment of Internal Medicine II, Chiba University School of Medicine, Chiba, 
Japan 

Background and aims Src homology-containing protein tyrosine phosphatase 2 
(SHP2) is ubiquitously expressed and believed to function as part of the positive 
signaling pathway mediating growth factor-induoed protein tyrosine 
phosphorylation. The increased proliferation in aortic vascular smooth muscle cells 
(SMC) is one of the important causes in atherosclerosis. The aim of this study was 
to examine the proliferative effect of SHP2 expressed in SMC. 

Method and results SHP2 was abundantly expressed in SMC and stained in 
thickening intima in the balloon-injured rats. We obtained several cloned SMC 
using gcncticin. SHP2 in each clone has v arious ranges of endogenous expressions. 
There is significantly positive correlation between SHP2 expression and BrdU 
uptake stimulated by FBS, platelet derived growth factor or insulin-like growth 
factor (/xO.Q5). In transiently SFIP2 transfected SMC, FBS stimulation 
significantly increased BrdU uptake compared to control SMC (p< 0.05). 
Conclusion These data suggest that an increased expression of SHP2 may lead to 
the acceleration of atherosclerosis in aorta through the action of increasing cell 
growth. 
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HUMAN G-PROTEIN 03-SUBUNIT C825T GENE POLYMORPHISM AND 
EARLY ATHEROSCLEROSIS L\ TYPE I DIABETIC PATIENTS 

A Behre, D. Frost, M. Ehren, B. Reinsch, J. Chltu, H. Schatz and M. Pfohl 
Department of Internal Medicine, University Hospital Bergmannsheil Bochum, 
Germany and Medizinische Klinik 3, Burgerhospital Stuttgart, Germany 

Background and Aims: Human G-proteins play a major part in transmembrane 
signal transduction. A cytosine to thymidine exchange in codon 82S of the gene 
coding for the beta 3 subunit of the G-Protein (GNB3) leads to the synthesis of a 
splice variant, which results in a significantly enhanced activation of the G-protein 
due the increased proliferation of smooth muscle cells. This in turn leads to vascular 
hypertrophy. The T-allele has recently' been associated with arterial hypertension. 
The aim of this study was to evaluate the role of this GNB 3 C825T gene 
polymorphism for early atherosclerosis in type 1 diabetic patients. 

Materials and Methods: We determined the C825T genotype by PCR and 
subsequent restriction enzyme analysis with Bse D1 in 146 type 1 diabetic patients 
(91 women, 55 men; age 30,1 +/- 6,6 years, diabetes duration 13,0 +/- 8,1 years). 

The carotid artery intima-media- thickness (IMT), which reflects early 
atherosclerosis, was measured by high resolution ultrasound. 

Results: The genotype distribution was 48 % CC, 43 % TC and 9% TT. There were 
no significant differences in age, diabetes duration or metabolic control between 
patients with different genotypes. The IMT was 0,61 +/- 0,11 mm in the CC, 0,65 +/- 
0,18 mm in the TC and 0,56 +/- 0,11 mm in the TT genotype (n.s). 

Conclusions: No correlation of the GNB3 C825T polymorphism with IMT was 
observed. These findings do not support the hypothesis that the GNB3 C825T gene 
polymorphism is a risk factor for early atherosclerosis in young type 1 diabetic 
patients. 
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ASSOCIATION OF THE TNF-ALPHA GENE POLYMORPHISMS WITH 
CORONARY ARTERY DISEASE IN TYPE 2 DIABETES MELL1TUS 
C. Richart, A. Zamora, I. Simon, C. Gutierrez, C. Aguilar, A. Bardaji, JM. Fernandez- 
Real, J. Vendrell. 

Hospital Universitari Joan XXIII. Institut d’Estudis Avan^ats. Universitat Rovira i 
Virgili. Tarragona. Spain 

Background and Aims: Proinflammatory cytokines such as Tumor Necrosis Factor 
(TNF-a!pha) and the presence of infections in the vessel wall mediated by 
lipopolysaccharides have been implicated in the pathogenesis of coronary heart 
disease. We hypothesized that polymorphisms of the TNF-alpha and 
lipopolysaccharide receptor (CD 14) genes may be associated with a predisposition to 
coronary heart disease (CHD) in type 2 diabetes. 

Materials and Methods: 341 CHD patients, 207 matched control subjects and 135 
type 2 diabetic patients without CHD were evaluated. Two SNPs at the promoter 
TNF-alpha (-308 and -863) and one at the -159 CD14 gene associated with variations 
in the transcription rate of these genes were analyzed by RFLP-PCR. 

Results: Genotype frequency for TNF-alpha/-308 T2 allele was significantly greater 
in the CHD group than in controls (32.3% vs 23.2% respectively; p=0.03). The 
remaining genotype frequencies were similar in cases and control subjects. Among 
CHD patients, the TNF-alpha -308 T2 allele was^ preferently associated in those 
having type 2 diabetes meliitus (28.5% vs 40.6% respectively; p=O.OQ56). When we 
compare the allelic frequencies in type 2 diabetic subjects, T2 allele was carried in 
40.6% of diabetic CHD patients compared to 19.3% in diabetic non-CHD patients 
(p =0.00048; OR=l.55-5.32). A logistic regression analysis demonstrated that TNF- 
alpha -308 T2 allele was an independent determinant of CHD in type 2 diabetic 
patients (OR=I.73; Cl 95%=1.05-2.84). 

Conclusions: These results suggest that the -308 polymorphism of the TNF-alpha 
gene contributes to CHD risk in type 2 diabetic population. 

This work has been partially supported by FIS 99/0901, FIS 00/0757 and Fundacid 
MaratoTV3 (99/2010). 
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Nucleotide (1385) T/G Polymorphism in Exon 2 of AdipoQ Is Associated with 
Coronary Artery Disease in Taiwanese 

P.L. Tsou, Y.D.Jiang, K.C.Lee, and L.hLChuang. Department of Internal Medicine, 
En Chu Kong Hospital, Department of Internal Medicine, National Taiwan University 
Hospital and College of Medicine, National Taiwan University, Taipei 

Background and Aims: Adiponectin, the gene product of adipoQ, is an adipose- 
specific protein abundantly present in the circulation. It was observed to accumulate 
in the injured vascular walls, and was reported to have antiatherogenic properties. The 
aim of this investigation was to determine whether a previously known polymorphism 
in exon of adipoQ (1385 T/G) was related to coronary artery disease (CAD). 

Materials and Methods: We examined the role of this polymorphism using a 
population association study. One hundred and twenty-eight angiography-proved 
CAD patients were recruited, and 202 normal controls (£30 years old, BMI< 30) were 
randomly selected from health check-ups. Genotypes at this locus were determined by 
polymerase chain reaction restriction fragment length polymorphism. Differences 
between groups were evaluated by y2 test. Allelic frequencies were derived from the 
number of genotypes. Logistic regression analyses w ere applied to adjust the possible 
confounders. 

Results: The distribution of genotypic frequency was different betw een the CAD and 
control groups (p= .004). The frequency of variant G was less in CAD subjects than in 
control (47.7% verses 63.9%, p= .004). Subjects with at least a G allele carried a 
protective effect from CAD by 0.515 times (95% confidence interval .328 to .808) as 
compared with those without a G allele. In multivariate logistic regression model, 
adjusted by age, sex, smoking, hypertension, BMI, and hyperlipidemia, this T/G 
polymorphism was still demonstrated to be a significant factor for CAD (p= .016). 
Conclusions: The data suggest that the T/G polymorphism at the nucleotide 1385 of 
the adipoQ gene is associated with CAD in Taiwanese. 
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LINKAGE DISEQUILIBRIUM BETWEEN APOC3 -455 T>C AND 
PREMATURE CORONARY HEART DISEASE IN INDO-MAURITIANS. 
M.Manraj 1 , S. Francke 3 , A. Hebe 1 , S. LeeKwaiYan 1 , N SemFa 1 and US 
Ramjutun 2 , P.Froguel 3 . 'SSR Centre for Medical Studies & Research, 
University of Mauritius, Moka, Mauritius. ^Ministry of Health, Mauritius. 
3 CNRS UPRES A 8090, Institute of Biology, Pasteur Institute of Lille, France. 
Background and Aims: APOC3 is a constituent of triglyceride (TG) rich 
lipoproteins and is an important regulator of plasma TG concentrations. Several 
polymorphisms in the APOC3 gene have been previously associated with 
hypertriglyceridemia (HTG) and/or coronary heart disease (CHD). We studied 
the contribution of the 5’ polymorphic nucleotide at position -455 T>C in the 
APOC3 gene promoter to premature CHD and components of the metabolic 
sy ndrome in subgroups of the Mauritian population. 

Materials and Methods: We carried out case-control studies comparing two 
Indo-Mauritian groups of patients with premature CHD (age of onset before 60) 
with controls matched for ethnicity. We used PCR-RFLP techniques to study 
the APOC3 -455 T>C polymorphism in groups of the Mauritian population 
whose ancestors who migrated from the North (NI) or from the South of India 

(SI). 

Results: Genotype proportions between TT, TC, CC w ere significantly different 
between male CHD Nl patients (61,166, 67) and controls (36, 51, 34), Chi 
square=7.33, p<0.03. Genotype distribution was (6, 46, 22) in SI CHD patients 
v/s (8, 20, 17) in SI controls, Chi square=4.36, p<0.11. No association was 
found with abnormal glucose metabolism in either subgroup. The -455C variant 
was associated with HTG in the NI population (p<0.008). The -455T variant 
was associated with High Blood Pressure (p<0.02), and with the metabolic 
syndrome (p<0.02) in the SI population. The -455T variant was associated with 
central obesity (p<0.02) in both NI and SI male subgroups. 

Conclusions: The -455 OT variant is in strong linkage disequilibrium with 
CHD and influences components of the metabolic syndrome in Indo-Mauritians. 
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THE FACTOR XIII CODON 34 VAL&LEU POLYMORPHISM DOES NOT 
PROTECT AGAINST MYOCARDIAL INFARCTION IN TYPE 2 DIABETIC 
PATIENTS WITH CORONARY ARTERY DISEASE 
B. Reinsch, M. Ehren, A. Behre, C. Ullrich, I. Oboth, H. Schatz and M. Pfohl; 
BG-Kliniken Bergmannsheil, University of Bochum, Germany 

Background and Aims: Factor XIII is a transglutaminase that crosslinks fibrin in the 
last step of the coagulation process. The factor XIII VaI®Leu point mutation in codon 
34 has been shown to protect against myocardial infarction in younger men. We 
aimed to clarify whether this protective effect is present in type 2 diabetic patients 
with coronary artery disease. 

Materials and Methods: We studied 195 type 2 diabetic patients (140 males/ 55 
females, age 63,5 ± 8,7 years) who underwent coronary angiography. The history of 
myocardial infarction was assessed by structured questionnaire, ECG and patient file. 
The factor XIII 34Val®Leu polymorphism was determined by PCR. 

Results: The allele frequency of the factor XIII 34Leu variant w'as 24.4%, thus 
comparable to other Caucasian populations. The cardiac risk factors did not differ 
between the genotype groups. In 83.9% (68/81) of the patients with at least one Leu 
allele, coronary artery disease was found, compared to 81.6% (93/114) of those 
homozygous for the Val allele (odds ratio: 1.18; 95%-CI: 0.56-2.58; p=0.67). Among 
the patients with documented coronary artery disease, a history of myocardial 
infarction was found in 55.2% (37/67) among the patients with at least one Leu allele, 
and also in 55.2% (53/96) among those homozygous for the Val allele (odds ratio: 
1.00; 95%-CI: 0.53-1.88; p= 1.00). There was also no relation between the factor XIII 
genotype and the extent of coronary artery disease (odds ratio for three-vessel-disease 
for patients with at least Leu allele: 0.99; 95%-CI: 0.56-1.77; p=0.99). 

Conclusions: The factor XIII codon 34 VaI®Leu polymorphism does not appear to 
have any effect on presence or extent of coronary artery disease in type 2 diabetic 
patients, nor does it protect against myocardial infarction. 
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COMBINED GENOTYPES ASSOCIATED WITH ACCUMULATION OF 
OXIDATIVE STRESS AND ATHEROSCRELOSIS IN DIABETIC SUBJECTS 
Y.Tanaka, T. Nomiyama, K.Nakajima and R.Kawamori. Metabolism and 
Endocrinology, Juntendo University School of Medicine, 2-1-1 Hongo, 
Bunkyo-ku, Tokyo, Japan 

Background and Aims: We reported that somatic mutation rate of 
mitochondrial DNA (mtDNA) 3243 A to G might reflect accumulation of 
oxidative stress (Diabetes 49 supple 1,2000), which is a major etiology 
of atheroscrelosis. NAD(P)H oxidase (NAOX) was an important sauce of 
reactive oxygen species (ROS), and renin-angiotensin II pathway was 
located at upstream of NAOX. However, it was unclear whether this 
pathway clinically may enhance ROS and develop atheroscrelosis. Thus, 
the aim was to evaluate effects of combined genotypes of ACE and 
NAOX on accumulation of oxidative stress and early atheroscrelosis in 
diabetic subjects. Subjects and Methods: In 268 Japanese type 2 
diabetic subjects, genotypes of ACE I/D and NAOX subunit p22-phox 
C242T polymorphisms were analyzed by PCR-RFLP, and somatic 
mtDNA 3243G was examined by real time PCR using Taq Man probe, 
and carotid artery intima-media thickness (IMT) was measured by 
urtrasonography. Results: The subjects with the combination of 
genotypes (ACE: D(+) and p22-phox: T(-), n=142) showed higher 
mutation rate and mean IMT than the subjects with the other combination 
of genotypes (n=126) (0.0219±0.0028 vs. 0.0097±0.0012 % and l.00± 
0.03 vs. 0.91 ±0.03 mm, means±SEM, both p<0.01). However, these 
were not different among the subjects with the combination except the 
above genotypes. Conclusion: Combination of ACE D(+) and p22-phox 
T(-) genotype may associate with accumulation of oxidative stress and 
early atheroscrelosis in diabetic subjects. 
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No Association of the Angiotensin-Converting-Enzyme Gene 
Insertion/Deletion Polymorphism with the Occurrence of 
Coronary Heart Disease in Patients with Diabetes Mellitus 
T. Klemm, S. Mittrach-Schorin, T. Gerike”, H. Krankenberg*, G. 
Schuler”, R. Paschke 

III. Medical Department Leipzig University, * Leipzig Heart Center GmbH, 
Germany, * Institute of Medical Informatics. Statistics and Epidemiology 
Aims: Previous studies have reported an association of the ACE-I/D- 
polymorphism with coronary heart disease (CHD) in patients with 
diabetes mellitus. However, ACE inhibitor treatment which could have 
compensated for negative effects of the D/D form of the ACE gene 
polymorphism was not considered in these studies. We therefore 
investigated the influence of the ACE-I/D polymorphism in patients with 
diabetes mellitus on the prospectively characterised occurrence of 
CHD by multiple regression analysis. Methods: Distribution of the 
ACE gene l/D-polymorphism was investigated in 400 patients with 
diabetes mellitus prospectively characterised for the presence/absence 
of coronary heart disease by coronary angiography and/or history for 
CHD (angina pectoris, dyspnea or myocardial infarction in the past) 
Results: The distribution of DD; ID; II genotypes was 62 vs 114 vs 54 
(26,96% vs 49,56% vs 23,48) in the CHD+ group and 33 vs 88 vs 49 
(19,41% vs 51,76% vs 28,83%) in the CHD- group respectively 
(p=0,17). A multiple logistic regression analysis introducing the typical 
risk factors for CHD (age, gender, smoking, BMI>26 kg/m J , LDL 
elevation, HbA1c>7%) could not identify the ACE gene l/D- 
polymorphism as an independent risk factor for CHD (p=0,09). 
Conclusion; Our data therefore suggest that the ACE gene I/D 
polymorphism is not associated with the occurrence of diabetic 
macroangiopathy especially in patients treated with'ACE inhibitors. 
The treatment with ACE inhibitors may partially compensate for the 
negative effects of the D/D form and thus explain why our results are 
at variance with previous reports. 
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ASSOCIATION OF THE GLU298ASP POLYMORPHISM 
OF ENDOTHELIAL NITRIC OXIDE SYNTHASE WITH 
CARDIOVASCULAR RISK IN TYPE-II DIABETES. 

I. Schmoelzer, T.C. Wascher, M. Francesconi*, C. Francesconi*, P. 
Schmid**, K. Schallmoser***, W. Renner, Dept, of Internal 
Medicine and ***Dept. of Transfusion Medicine, Karl-Franzens 
University of Graz, ‘Rehabilitation Center Alland, 

*’Rehabilitation Center Bad Schallerbach, Austria 
Background and Alms: The Glu298Asp Polymorphism of the 
NO-synthase (NOS) is specified as a risk factor for coronary artery 
disease (CAD) in several studies. A reduced NO-biosynthesis 
based on an increased cleavage of the NOS is discussed as a 
reason. There are no specific investigations in patients with type-II 
diabetes regarding a possible contribution to CAD. The aim of this 
study was to investigate the role of this genetic variability in type 
II-diabetics in a case control study. 

Patients and Methods: Investigations were performed in 214 type- 
II diabetics (69± 10 years, 67,8% male) with angiographically 
verified CAD and 109 control patients without clinically manifest 
CAD (66± 13 years, 49,5% male). The polymorphism of the NOS 
(EE:GIu/Glu, ED:Glu/Asp, DD:Asp/Asp) was analyzed using 
RFLP. 

Results: As to be expected the classical risk factors age (p<0,036), 
male gender (p<0,002) and low HDL (p<0,034) were associated 
with CAD. The DD-genotyp was more frequent in controls than in 
diabetics with CAD (16,9% vs. 6,5%, p<0,012). Corrected for the 
above mentioned risk factors the odds ratio for CAD was 0,319 
(95% Cl: 0,135-0,755) for carriers of the DD genotyp. 

Conclusions: In contrast to investigations in non diabetic 
populations, our results strongly suggest a reduced risk for CAD in 
type-II diabetic patients with the DD genotyp of the endothelial 
NOS. 
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ANGIOTENSIN CONVERTING ENZYME GENOTYPE IS RELATED TO LIPID 
LEVELS IN TYPE 2 DIABETES AND INSULIN RESISTANCE SYNDROME 
I. Tkit 1 , J. Salagovii 2 , D. Mosorjikovd 1 , R Rosolovi 3 , M. Tomfovd 1 , O. Mayer, Jr 3 , 
M. Chleborddovl 2 and I. Kalina 2 . 'Department of Internal Medicine 4 and institute of 
Medical Biology, University ofKoSicc, Slovakia; 3 Departmcnt of Internal Medicine 2, 
Medical Faculty in Pilsen, Charles University Prague, Czech Republic 
Background and alms: Angiotensin-con verting enzyme (ACE) inscrtion/dcletion 
(I/D) gene polymorphism was reported to be associated with the presence of 
atherosclerosis both in general population and type 2 diabetes. The underlying 
mechanism for this association is unclear. The aim of the present study was to examine 
the effect of ACE 1/D polymorphism on lipoprotein levels in subjects with type 2 
diabetes or insulin resistance syndrome. Materials and methods: The study group 
included 99 patients (39 males and 60 females) with the mean age of 58il I years. 66 
patients had type 2 diabetes mellitus and 33 subjects had a dyslipidemia typical for 
insulin resistance (hypertriglyceridemia and/or decreased HDL cholesterol). ACE gene 
polymorphism was examined using PCR and RFLP methods. Results: Highly 
significant stepwise increase in apo B, LDL cholesterol and total cholesterol levels 
related to ACE genotype with the highest mean values in the group of DD 
homozygotes was observed. No significant difference in triglyceride or HDL 
cholesterol level was observed among the three genotypes. Since the difference 
between the II and ID groups was not significant, these two groups were pooled 
together and compared in further analyses with the DD-homozygote group (mcan±SD 
shown in the table)._____ 



II+ID(n=50) 

DD (n=49) 

P 

Apo B (g/1) 

1.01 ±0.25 

1J20±0.23 

0.0001 

LDLC (ciNl/1) 

3.03±1.18 

3.56±1.03 

0.0192 

Cholesterol (mM/I) 

5.12L1.34 

5.74±1.03 

0.0114 


Multivariate adjustments for age, sex, BM1, glycated hemoglobin and albuminuria did 
not change the significance of the relationship of the DD genotype to the lipid levels. 
Con cl us ions: In patients with type 2 diabetes or insulin resistance syndrome, 
homozygosity for D alele of ACE gene leads to increased levels of apo B and LDL 
cholesterol. In the Central European Caucasian population this might be one of the 
mechanisms underlying the association between the DD genotype and atherosclerosis 
in insulin resistant subjects. 
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Risk Factors for Cardiovascular 
Complications 

1202 

Metabolic and Vascular Factors Contribute to Increased Cardiovascular Risk in 
IIIV+ Patients Receiving Protease Inhibitors. 

P. ARIAS, C. MUSSO, A. MONTICELU, C. EZCURRA, A. BLANCO, A. 
ALESSANDR1, S. DAMILANO, F. ESPOSITO, L SINAY; Hospital Francis, Buenos 
Aires, Argentina 

Background and Aims: Insulin resistance and dyslipemia, coexisting with central fat 
accumulation, are frequent findings in HTV+ patients treated with protease inhibitors (PI), 
and this constellation has been referred to as lipodystrophic syndrome (LDS). In IITV+ 
patients receiving PI we studied: 1. the prevalence of LDS; 2. the relationship between 
central fat accumulation and metabolic abnormalities; 3. endothelial function, measured by 
postischemic arterial vasodilation; 4. the effect of treatment with a slow-release 
bezafibrate preparation on severe dyslipemic patients. Materials and Methods: 53 
subjects diagnosed as HTV+ (17 F, 36 M, aged 39 ± 2 years, BMI 26 ± 1 kg/m2; means ± 
SEM), without manifestations of AIDS, and treated with at least one PI drug, as well as 39 
age, sex and weight matched healthy controls (CON) were studied We evaluated BMI, fat 
tissue distribution, blood pressure (BP), fasting plasma glucose (FPG). serum insulin 
(INS), serum total cholesterol (CHOL) and triglyceride (TG) levels. Ischemia-induced 
vasodilation at the right a. brachialis was assessed by means of Doppler ultrasound Insulin 
resistance was calculated using the HOMA approach. A subgroup of 18 patients received 
bezafibrate (400 mg/d for 2 months); lipid values were reassessed thereafter. Results: As 
compared to CON subjects, HTV+ patients showed higher FPG (91 ± 2 versus 82 ± 2 
mg/dl), INS (17 ± 2 versus 9 ± 2 mU/L) and TG levels (284 ±32 versus 110 ± 23 mg/dl; p 
< 0.05 for all parameters, Mann-Whitney’s test). HOMA-1R index was 3.8 ± 0.7 and 1.9 ± 
0.5 in IHV+ and CON subjects, respectively (p < 0.05). LDS was present in 34/53 
patients; metabolic abnormalities were more severe in IDV+ patients with increased 
central fat deposition. Ischemia-induced vasodilation w as impaired or absent in 74% of all 
IUV+ patients. No differences were detected in CHOL or BP levels between the two 
groups. In more severely dyslipemic subjects (basal TG 463 ± 51 mg/dl), a significant 
improvement in TG levels was observed after bezafibrate (203 ± 16 mg/dl; p < 0.0001, 
Wilcoxon’s test). Conclusions: Our IHV+ patients display multiple metabolic CV risk 
factors; abnormal fat distribution is accompanied by more severe metabolic alterations, 
and the combination of somatic and metabolic changes (LDS) is present in 62%. Altered 
endothelial function may contribute to increased CV risk in these patients. Given the 
relevance of PI treatment for the survival of HIV infected individuals, the need for 
implementing therapeutic strategies that counterbalance these adverse metabolic/vascular 
changes is recognized Bezafibrate proved to be an effective therapeutic approach to 
reduce hypertriglyceridemia in our patients. 
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Diabetic mkrovascular complications are not associated with two 
polymorphisms in genes regulating glucose metabolism in Danish Type 1 
diabetic patients 

L. Tamow, N. Grarup, , T. Hansen, H.-H. Parsing and O. Pedersen. Steno Diabetes 
Center, Gentofte, Denmark 

Background and Aims: An Xbal polymorphism in the gene encoding the glucose 
transporter, GLUT-1, is associated with development of diabetic nephropathy in 
Chinese Type 2 diabetic patients. In addition, an amino acid variant (K121Q) in the 
gene encoding the glycoprotein plasma cell differentiating antigen (PC-1), a specific 
inhibitor of insulin receptor signalling, has been reported to predict a faster 
progression of nephropathy in Italian and British Type 1 diabetic patients. 

Material and Methods: The Xbal and K121Q polymorphisms were determined by 
PCR-RFLP in Danish Type 1 diabetic patients with nephropathy (122 men/77 women, 
age 40.9 ± 9.6 years, diabetes duration 27 ± 8 years) and Type 1 diabetic patients with 
persistent normoalbuminuria (118 men/74 women, age 42.7 ± 10.2 years, diabetes 
duration 26 ± 9 years). Proliferative retinopathy was present in 156 patients (40%), 
while 67 patients (17%) had no diabetic retinopathy. 

Results: There were no differences in the frequency of GLUT-1 Xbal genotypes 
between Type 1 diabetic patients with diabetic nephropathy and Type 1 diabetic 
patients with normoalbuminuria: 72 (41%) / 87 (50%) / 16 (9%) vs 94 (49%) / 74 
(39%) / 24 (13%) had GLUT-1 Xbal +/+, +/- or -/- genotype, respectively (NS). The 
frequency of PC-1 KK, KQ and QQ genotypes w ere 141 (71%) / 52 (26%) / 6 (3%) vs 
138 (73%) / 45 (24%) / 7 (4%) in patients with and without nephropathy, respectively 
(NS). No associations between the investigated polymorphisms and simplex or 
proliferative retinopathy were revealed either. 

Conclusions: Neither the PC-1 K121Q, nor the GLUT-1 Xbal polymorphism 
contribute to the genetic susceptibility of diabetic microvascular complications in 
Danish Type 1 diabetic patients 
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Screening for Cardiovascular Risk Factors in Employees of the Automobile 
Industries 

A.M. Figge, A. Wiegratz, W.-H. Schmiegel, K.W. MO Her, U. Schach, M.D.Enderle. 
Dept, of Internal Medicine, University Hospital, Knappschaftskrankenhaus Bochum 
and Dept. of Industrial Medicine, Opel AG (GM) Bochum, Germany. 

Background and Aims: Prevalence of diabetes mellitus, hypertension, 
hypercholesterolemia and adipositas of employees of an automobile company in 
Germany (Opel AG, Bochum). 

Materials and Methods: 1547 (10%) of 13500 employees of Opel AG (GM) - 
Bochum were examined, 1423 (92.1%) male, 122 (7.9%) female, mean age 42.4 
years. 

Blood glucose, cholesterol, blood pressure, height and weight were measured. 
Diabetes mellitus is defined as an instantaneous blood glucose > 160 mg/dl, 
hypertension as a single systolic blood pressure of > 160 mm mercury, 
hypercholesterolemia as a total blood cholesterol of > 220 mg/dl and adipositas as a 
body mass index of > 25 kg/m2. The measurements were compared with statements 
of a questionnaire. 

Results: 3.8% of examined workers suffer from diabetes, 9 of them were newly 
diagnosed (15.3%). 27% are hypertensive, 38 of them were newly diagnosed (15.4%). 
43.4% were hypcrcholesterolemic, 95 with new diagnosis (28.3%). 3.2% reported 
about diabetes, at least 3.8% were found to have diabetes. Similar results are given for 
hypertension with 22.3% vs 27%, hypercholesterolemia with 36.3% vs 43.4%, and 
adipositas with 61% vs 71%. 

Conclusions: Even in a relatively young cross sectional cohort with socioeconomic 
importance a high prevalence for cardiovascular risk factors exists. The estimated 
number of undetected cases, reflected as the numbers of new diagnoses, is alarming. 
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Prevalence of complications and cardiovascular risk factors in South Asian and 
European patients with onset of type 2 diabetes under age of 40 years 
T.A. Chowdhury & SS Lasker, Department of Medicine, Central Middlesex Hospital, 
London, UK 

Background and Aims: Our aim was to determine the prevalence of complications and 
cardiovascular risk factors at diagnosis of young onset t>pe 2 diabetes, comparing Europeans 
and South Asians. 

Materials and Methods: Patients: Newly diagnosed, prospectively screened 1998-2001. 
Diabetes <6 months, age 20-40, not ketosis prone, positive fasting insulin and C-peptide, good 
control off insulin for at least six months. Assessments: Vascular disease (previous infarct, 
angina, stroke, limb ischaemia), neuropathy (loss of lOg fine touch or vibration, or painful 
neuropathy), retinopathy (dilated fundoscopy), nephropathy (albumin creatinine ratio[ACR]), 
glycaemic control, BP, Lipids, smoking, BMI, waist hip ratio (WIIRX ECG, absolute CHD risk. 
Results: 292 patients (165 South Asian). Equivalent in age and sex. South Asians had more 
vascular disease (6.1% vs 3.1%, p=0.01), family history of vascular disease (52.1% vs 32.3%, 
p<0.001) family history of diabetes (41.2% vs 21.2%, p<0 001), and previous gestational 
diabetes in women (36.2% vs 16.3%, pO.001). Similar numbers were smokers. South Asians 
had a slightly lower BMI (26.0 vs 27.2, p=0.076), significantly greater WHR (0.95 vs 0.90, 
p=0.05), trend to higher systolic BP (127 vs I23mmHg, p=0.12), more background retinopathy 
(13.9% vs 6.9%, p<0.001) and sight threatening retinopathy (3.6% vs 1.6%, pO.001), higher 
prevalence of microalbuminuria (ACR men >2.5, women >3.5) (13.3% vs 5.5%, p<0.(X)l) and 
macroalbuminuria (4.8% vs 2.3%, p<0.001). No difference in prevalence of foot problems, 
HbAl c, fasting plasma glucose or LDL cholesterol. Europeans had higher HDL cholesterol (1.3 
vs 1.0mmol/l, p<0.001) and lower triglycerides (1.5 vs 1.9mmol/l, p<0.001). Mean absolute 10 
year CHD risk was higher in South Asians (16.9% vs 13.7%, pO.001), as was proportion of 
patients with CHD risk >30% (7 2% vs 4.7%, p<0.001) and >15% (17.5% vs 11.8%, pO.Ol). 
Conclusions: South Asians with young onset type 2 diabetes have significantly more 
complications at diagnosis, including established macrovascular disease, retinopathy and 
nephropathy than Europeans. South Asians also have a more athergenic lipid profile (low HDL, 
raised triglycerides). Absolute CHD risk is also higher due to the lower HDL cholesterol and 
higher BP. Complications are common at diagnosis of young onset type 2 diabetes, and 
modifiable cardiovascular risk factors arc also common. 
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LIPID PROFILE IN TYPE 2 DIABETES AND COEXISTING ISCHEMIC 
HEART DISEASE WITH OR WITHOUT EARLY RESTENOSIS AFTER 
CORONARY STENTING. 

P.A. Piovesaa Dept of Endocrinologia, AO S. Croce e Carle, Cuneo, Italy. 

Background and Aim: The role of disorders of lipid metabolism in the development 
of macroangiopathy and its complications is well known both in general population 
and type 2 diabetes. To assess alterations in lipid profile in patients with type 2 
diabetes and coexisting ischemic heart disease (IHD) with (IHD-R) or without 
restenosis (IHD-NR) after coronary stenting (CS). 

Subjects and Methods: Out of fifty-three consecutive IHD (39M/I4 F; age median, 
range, 63, 43-74 yr, BMI, 27.0, 20-35.7 kgm2) undergoing coronary angiography 6 
months alter CS, 24 (45.3%) had restenosis while 29 (54.7%) had not In IHD or age- 
and weight-matched normal subjects (n=32, NS) blood levels of total-, HDL-, LDL- 
cholesterol, triglyceride, apoA, apoB, Lp(a) and HBAlc were determined 
Results: HDL-cholesterol was lower (meaniSEM, 45.9 ±2.0 vs. 60.0±3.0 mg/dl, 
p<0.0001) while triglyceride (160.0±10.6 vs. 103.4±7.7 mg/dl, p<0.0002) and LDL- 
cholesterol levels (134.0 ±4.9 vs. I33.1±6.9 mg/dl, p=0.07) were higher in IHD than 
in NS, respectively. Similar lipid alterations connoted both IHD-R and IHD-NR when 
compared separately with NS. HBAlc levels did not differ between IHD-R and IHD- 
NR (6.8±0.4 vs 6.6±0.3 %, p=NS). Moreover, there was no difference concerning age, 
BMI, frequency of hypertension and blood pressure levels between these two 
subgroups. Conversely, HDL cholesterol (42.8±2.5 vs. 48.4±2.9 mg/dl, p=0.05) as 
well as apoA (1.3±0.06 vs. 1.6±0.09 g/L, p0.009) and Lp(a) (0.28±0.08 vs. 
0.33±0.06 g/L, p<0.04) were low er in IHD-R than in IHD-NR. 

Conclusions: An altered lipid profile is present in IHD patients and seems to be at 
higher risk for cardiovascular complications in those patients who develop restenosis 
six months after coronary stenting. 
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A comparison of haemorheology and established risk factors to predict 
cardiovascular outcomes in patients with type 2 diabetes. 

B. Shand, H.Y. Lee, R. Scott and C. Frampton. Lipid and Diabetes Research Group, 
Christchurch Hospital, Christchurch, New Zealand 

Background and Aims: Abnormal haemorheology has a pathogenic role in a wide 
range of vascular disorders. This retrospective study aimed to determine whether 
abnormal haemorheology predicted cardiovascular [CV] morbidity and mortality over 
a.8-10 year period in people with type 2 diabetes, and to compare this predictive 
potential with other established CV risk factors. Methods: Baseline haemorheological 
data was obtained from 182 people with type 2 diabetes who had participated in 1 of 6 
clinical studies carried out between 1988 and 1992 and included, whole blood 
viscosity and its determinants, haematocrit, plasma viscosity and plasma fibrinogen 
concentration. The following CV risk factors were recorded at baseline: Age, gender, 
smoking history, body mass index, duration of diabetes, glycaemic control, plasma 
lipid profile, plasma urate concentration, microalbuminuria and history of 
hypertension or previous CV disease. The occurrence over the next 8-10 years of 
myocardial infarction, stroke or death from a CV cause w'ere then obtained from 
medical records. Univariate Cox regression analyses were used to identify individual 
risk factors showing an association with each clinical outcome [P<0.10]. Forward 
stepwise Cox regression analyses were then carried out to obtain a measure of the 
independent predictive strength of each risk factor. Results: Twenty-six patients with 
inadequate follow up data were excluded from the study. Univariate analyses of the 
data of the remaining 156 people showed that age, microalbuminuria, whole blood 
and plasma viscosity and plasma fibrinogen concentration >4.0g/L had an association 
with an increased risk of death from a CV cause. An unexpected finding in these 
univariate analyses was the absence of a significant association between mortality and 
established CV risk factors such as dyslipidaemia and body mass index. Stepwise 
regression analyses showed that age, microalbuminuria and increased plasma 
fibrinogen concentration were the only factors independently associated with death 
from a CV cause. Significant independent predictors for myocardial infarction or 
stroke were, age, HbAlc levels and pre-existing CV disease. Conclusion: Our 
findings are consistent with other studies that have shown microalbuminuria and 
plasma fibrinogen concentration are markers of increased CV risk in people with type 
2 diabetes and perhaps of greater importance than other classic risk factors. Blood and 
plasma viscosity were not shown to be independent risk factors for any CV outcome 
in our study. 
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HIGHER SERUM FERRITIN LEVELS IN DIABETICS WITH 
ANGIOCRAPH/CALLY ASSESSED CORONARY ATHEROSCLEROSIS 
P. Kraml, J. Potoflcova, H. Kopfivovi, M. And SI 

2nd Dept of Internal Medicine, University Hospital, 3rd Faculty of Medicine, Charles 
University Prague, DcpL of Biochemistry, University Hospital, 3rd Faculty of Medicine, 
Charles University Prague, Czech Republic 

Background and Aims: Elevated scrum ferritin concentrations in CVD patients have been 
reported by several studies. Ferritin levels arc generally considered as a good marker of body 
iron stores. Iron bound to ferritin may contribute to the oxidative modification of LDL and thus 
enhance their athcrogenity. Aim of the study was: 1. Comparison of scrum ferritin 
concentrations in diabetics vs. non-diabetics in the cohort of patients with angiographically 
assessed coronary vascular disease. 2. Con-elation of ferritin with certain markers of oxidative 
stress and other variables. 

Materials and Methods: Measurements were carried out in 48 men (mean agctSD of 
diabctics/non-diabctics: 61,5*8,87 / 61,4±8,66 ys) and 16 women (mean age±SD of 
diabctics/non-diabctics 61,5±I0,18 / 62,1 ±9,38 ys). Ferritin, antibodies against oxidized LDL 
(anti-oxLDL), total cholesterol and triacyl glycerols (TG) were estimated by enzj-me 
immunoassay; HDL-cholesterol with PEG-modificd direct measurement; nitriles/nitrates were 
measured by method based on enzymatic reduction of nitrates by nitratcrcductasc and 
subsequent estimation of nitrites by Gricss* reaction; oxidized LDL (oxLDL) in scrum were 
estimated by direct spcctrophotomctric measurement; lipophilic vitamins A and E were 
determined by HPLC chromatography. AU diabetic patients had type 2 DM. Left ventricle 
ejection fraction was measured by B-modc ultrasonography. The comparison of the diabetics 
vs. non diabetics was performed in age- and scx-maichcd groups. 

Results: CVD patients with diabetes mcllitus had significantly higher scrum ferritin 
concentrations than nondiabctics (157,40*57,92 vs. 132,43±37,74 mg/ml, 1=1,5469, p<0,05). 
Nitriles/nitrates were significantly lower in diabetics (22,49±5,85 vs. 18,11±3,89 mmol/1, 
t=I,7535, p<0,05). In the whole group of CVD patients, ferritin correlated positively with total 
cholesterol (p<0,01), LDL-chol. (p<0,05). TG (p<0,05), creatinine (p<0,01) and retinol 
(p<0,05X there was a negative correlation of ferritin with left ventricular ejection fraction 

(p<0,01) 

Conclusions: 1. Among CVD patients, type 2 diabetics showed higher scrum ferritin 
concentrations than nondiabctics. 2. Higher scrum ferritin concentrations were associated with 
lower left ventricular ejection fraction in CVD patients. 3. The correlation of ferritin with total 
cholesterol, LDL-cboL and creatinine may reflect a higher consumption of meat and meat 
products (containing heme iron) in diabetic patients. 

S upported by grant of Ministry of Health 6124/3 
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Plasma leptin and the risk of cardiovascular disease in the West of Scotland 
Coronary Prevention Study 

Sattar N, McMahon AD, Packard CJ, Kelly A, Shepherd J, Gaw A, Wallace AM 
on behalf of the WOSCOPS Executive 

Departments of Pathological Biochemistry, (AMW, CJP, AK, JS, NS), Clinical Trials 
Unit (AG) Glasgow Royal Infirmary, Glasgow, G31 2ER and Robertson Centre for 
Biostatistics (ADM), University of Glasgow, Glasgow G12 8QQ 

Background and Aims: Leptin plays a role in fat metabolism and obesity, and 
correlates with insulin resistance and other markers of the metabolic syndrome 
independent of total adiposity. Raised leptin levels also appear to predict those at risk 
for diabetes. In light of these observations, we hypothesised that raised plasma leptin 
levels may identify men at increased risk of a coronary event in the West of Scotland 
Coronary Prevention Study (WOSCOPS). 

Materials and Methods: Plasma leptin was measured at baseline in 377 men (cases) 
who subsequently suffered a myocardial infarction, sudden coronary death or 
underwent coronary revascularisation, and 783 men (controls) who remained free of a 
coronary events during the Syear follow up period of the study. Controls were 
matched to cases on the basis of age and smoking history and were representativ e of 
the entire WOSCOPS cohort. 

Results: Leptin was significantly higher in cases than controls (mean (SD) of 5.87 
[2.04] mg/1 versus 5.04 [2.09] mg/l, PO.OOl). In univariate analysis, for each 1 SD 
increase in leptin the relative risk (RR) of an event increased by 1.25 [95% confidence 
interval (Cl): 1.10-1.43, P =0.0006], There was minimal change in this RR with 
correction for BMI [RR=1.24 (Cl: 1.06-1.45), P=0.0062] or with further correction 
for traditional risk factors including age, BMI, lipids, BP [RR=I.21 (CL 1.02-1.42) 
P=0.02]. Leptin was correlated with CRP (r=0.24, P<0.001) but even with this 
variable in the model, leptin retained borderline significance as a predictor of 
coronary events [RR= 1.18 (Cl: 1.00-1.39) P-0.0S]. 

Conclusions: In conclusion, we have shown for the first time in a large prospective 
study that plasma leptin concentration is a novel independent risk factor for CHD. 
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Risk factors associated with peripheral vascular disease of low extremities 
among type 2 diabetic patients in Taiwan 

Y.D. Jiang, C.L Chen, L.M. Chuang, T.Y. Tai. Department of internal medicine. 
National Taiwan University Hospital, Taiwan, R.O.C. 

Background and Aims: To find risk factors associated with peripheral vascular 
disease (P VD) of low extremities among type 2 diabetic patients. 

Materials and Methods: From July 1996 to June 2000, there were 1,140 male and 
1,139 female type 2 diabetic patients, 40 to 79 years old, with mean (± SD) duration 
of diabetes 9.71 (4 8.07) years, screened for PVD by Doppler ultrasound at metabolic 
clinic of National Taiwan University Hospital. Ankle-brachial index below 0.9 w as 
deemed as PVD. 

Results: The prevalence of PVD among type 2 diabetic patients was 7.0% and the 
mean age and duration of diabetes were significantly higher in those with PVD. After 
adjusting age, gender and duration of diabetes, several risk factors were found to be 
associated with increased risk of PVD including systolic blood pressure, hemoglobin 
Ale, triglyceride, total cholesterol and cigarette smoking. The odds ratio increased 
with increasing systolic blood pressure (p for trend = 0,000) and the odds ratio (OR) 
was 3.37 (95% CM.99 — 5.69) for systolic blood pressure greater than 145 mmHg. 
An almost 50% increase in risk of PVD were found among those with hemoglobin 
Ale more than 7.0%, triglyceride greater than 200 mg/dl and total cholesterol greater 
than 200 mg/dl (OR=1.57, 95% CM .07 - 2.29, OR=1.50. 95% C 1=1.07 - 2.10 and 
OR=1.55,95% CI=1.08 - 2.22, respectively). Cigarette smoking was also found to be 
associated with an almost two-fold increased risk of PVD (OR=1.82, 95% 0=1.08 - 
3.07). In a multivariate model with above variables, higher level of triglyceride, 
systolic blood pressure greater than 145 mmHg and cigarette smoking were still 
associated with increased risk of PVD. 

Conclusions: More rigorous control ofblood pressure, dyslipidemia and cessation of 
smoking is indicated to decrease the risk of PVD. 


PS 96 

Inflammation and Cardiovascular 
Complications 

1210 1211 


Relationships between albumin excretion rate, inflammatory markers and platelets 
in type 2 diabetic subjects, 

F. CAVALOT, G. Anfossi, M.C. Ponziani, P. Massucco, P. Pema, M. Trovati. Diabetes 
Unit, San Luigi Gonzaga Hospital, University of Torino, Orbassano (TO), Italy 
Background and Aims: Albumin excretion rate (AER) is a marker of endothelial 
dysfunction and predicts cardiovascular mortality in the general population and in type 2 
diabetic subjects. Aim of the present study was to evaluate, in type 2 diabetic patients, the 
relationship between AER and two haematologic parameters that have been considered as 
predictors of vascular damage, i.e. leukocyte count and mean platelet volume (MPV), the 
first-one being an inflammatory marker, the second a marker of a prothrombotic state. 
Materials and Methods: Patients (n-659, MT=354/305) were in regular follow-up at our 
outpatient clinic. Population characteristics (mtsd): age, 62.OOi-9.48 years; known 
diabetes duration, 9.5948.21 years; BMI, 29.0444.94 Kg/m l ; AER(log), 1.1340.61 
pgfaiin; fibrinogen, 337.88479.87 mg/dl, hematocrit (IIT), 41.443.7%; eryhrocyte 
sedimentation rale (ESR), 22.5417.7 mm/h; white blood cells (WBC), 7028.841782.2/pl; 
platelet count (PLTS), 231.l±62.1/pJ; MPV. 9.641.3 fl. 

Results: Parameters were divided according to values of AER (<20, 20-200 e >200 
pg/min) and analyzed by ANOVA: age, p=ns; disease duration, p=0.001; BMI, p=ns; 
fibrinogen, p<0.0001; HT. p-ns; ESR, p=b.0001; WBC, p=0.0Q23; PLTS, p=ns; NIPV, 
p=ns. By multiple regression analysis of AER (log) vs 17 variables (age, diabetes duration, 
BMI, systolic blood pressure, diastolic blood pressure, HbAle, TC, HDL-C. TG, 
creatinine, uric acid, fibrinogen, ESR, hacmatocrit, WBC, PLTS and MPV) the values 
were: haematocrit, std coeff=O.032, p=ns; fibrinogen, std coefT=0.103, p^0.0129, ESR, std 
cocff, 0.058. p=ns; WBC, std cocff=0.133, p=0.00ll; PLTS, std cocfF=-0.101. p-0.0164; 
MPV, std coeff=M).090, p=0.0186. If only subjetes without previous cardiovascular events 
(n=544) were considered in multiple regression analysis, the relationship of AER (log) 
with WBC was maintained (std coeff=0.161, p=0.0003). If WBC and fibrinogen were not 
included in the analysis, PLTS and MPV were no longer significantly related to AER 
(log): std cocfT-0.02, p=ns for PLTS and std cocff -0.056, pus for MPV. 

Conclusions: In type 2 diabetic patients, AER, a marker of endothelial dysfunction, is 
positively associated with WBC number, also in patients without previous cardiovascular 
events; MPV is not correlated with AER per se, but, opposite to what one could expect, 
becomes negatively correlated with AER when inflammatory markers (namely fibrinogen 
and WBC) are incorporated in multiple regression analysis. This observation could 
suggest that, when endothelial dysfunction is present, there is an increased consumption of 
bigger, more reactive platelets. 


C-REACTIVE PROTEIN IS INCREASED IN TYPE I DIABETIC PATIENTS AND 
CORRELATES WITH MARKERS OF ENDOTHELIAL DYSFUNCTION 
D. ZozuliAska, M. Sobicska*, K. Wiktorowicz', A. Majchrzak and B. Wierusz- 
Wysocka. Department of Internal Medicine and Diabctology, 'laboratory of Cellular 
Immunology, Academy of Medicine in PoznaA, Poland 

Background and Aims: endothelial dysfunction and inflammatory response 
play an important role in the development of diabetic vascular complications. 
The aim of the study was to estimate the concentration of C-reactive protein 
(CRP), endothelin -1 (ET-1), metabolites of nitric oxide (NO/), Intercellular 
Adhesion Molecule-1 (ICAM-1), Vascular Cell Adhesion Molecule-1 
(VCAM-1) and the level of von Willebrand factor (vWF) in Type I diabetic 
patients. Moreover, we studied the relationship between serum CRP and 
markers of endothelial dysfunction. Materials and Methods: the study was 
performed in 67 Type I diabetic patients (39 women and 28 men, aged 
31.7+9.2 years, duration of disease 17.4+6.2 years and HbAle 8.5+2.1 %). 
Serum concentration of CRP, ET-1, NO/, ICAM-1, VCAM-1 and level of 
v\VF were estimated with the use of the ELISA tests. Results: in comparison 


with healthy subjects wc observed significantly higher values of CRP, ICAM- 
1, VCAM-1, ET-1, NO/ and vWF. The serum CRP concentrations positively 
correlate with assessed markers of endothelial dysfunction. __ 


Parameter 

Healthy subjects 

Diabetic patients 

P 

r 

CRP (mg/l) 

1.10+0.07 

4.91+0.28 

p< 0.001 

- 

ET-1 (pg/ml) 

0.60+0.05 

2.35+0.24 

p< 0.002 

0.58 

N0 2 ' (pmol/1) 

16.68+0.48 

85.49+0.24 

p< 0.05 

0.86 

siCAM-1 (nginl) 

210.60+7.16 

241.42+9.12 

p< 0.05 

0.60 

sYCAM-1 (ngta) 

553.02+10.50 

696.82±30.53 

p< 0.05 

-0.20 

v\VF (%) 

110.00+3.96 

156.92+4.20 

p< 0.05 

0.47 


Mean+SEM, r- Pearson correlation coefficient 

Conclusions: the results obtained might suggest that the inflammatory 
process is strongly associated with endothelial dysfunction in diabetes. 
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Plasma and Urinary Cytokine Antagonists in Type 1 Diabetes Mettitus 
T. Pelikanova, R. Simkova and M. Jirsa. Institute for Clinical and Experimental 
Medicine and 1st Medical Faculty of Charles University, Prague, Czech Republic. 

Background and Aims: Several cytokines and growth hormones have been 
implicated in the pathogenesis of diabetic nephropathy. Their ability to generate a 
biological response in vivo is modulated by specific antagonists and soluble receptors. 
The aims of the study were a) to measure the levels of interleukin 1 receptor 
antagonists (IL-lra) and tumor necrosis factor alfa soluble receptors p55 (TNFsrl) 
and p75 (TNFsr2) in plasma and urine and b) to test their response to acutely-induced 
hyperglycaemia and flirosemide administration in type 1 diabetes mellitus (DM1). 
Materials and Methods: Plasma concentrations and urinary excretions of IL-lra, 
TNFsrl and TNFsr2 were measured in two 90-minute periods of glycaemic clamp- 
induced eu- and hyperglycaemia (5 and 12 mmol/1, Study 1) during time-controlled 
euglycaemia (Study 2) and before and after iv. furosemide (0.5 mg/kg) administration 
in 20 DM1 patients with normal albumin excretion and normal glomerular filtration 
rate, and in 15 weight-, age- and sex-matched healthy controls (C). 

Results: Plasma concentrations of IL-lra (215±98 vs 194+59 pg/ml), TNFsrl 
(838+207 vs 794±311 pg/ml) and TNF sr2 (2538+421 vs 2447+378 pg/ml) were 
comparable in DM1 and C, and no significant changes during Study 1, Study 2 or 
after furosemide were found. The urinary IL-lra excretion was significantly higher in 
DM1 compared to C (8259+8401 vs 1586+1123 pg/min; p<0.05), during 
euglycaemia. In DM1 it significantly decreased during Study 1, compared to Study 2 
(p<0.05), while it did not change in C. The urinary excretions of TNFsrl and TNFsr2 
were comparable in DM1 and C. In DM1 patients TNFsrl significantly declined after 
furosemide (1437+902 vs 768+589 pg/min; p<0.01) and during Study 1 (1957+1387 
vs 925+450 pg/min; p<0.001) compared to Study 2 (1522±730 vs 1263+618 
pg/min,ns) ( p<0.01). Similarly, TNFsr2 decreased after furosemide (2842+1475 vs 
1758+1034 pg/min; p<0.01) and during Study I (2827+1934 vs 1761+766 pg/min; 
P<0.01). Hyperglycaemia and furosemide did not change TNFsrl and TNT sr2 
urinary excretions in C. 

Conclusions: DM1 with normal renal haemodynamics is associated with impaired 
regulation of renal IL-lra, TNFsrl and TNFsr2 production with possible impact on 
local control of cytokine activity in kidneys. (Supported by IGA MZ CZ grant 
NB/6365-3). 
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Chronic, subclinica! inflammation and improved metabolic control in type 2 
diabetic patients. 

A. Festa, B. Muzyka, A. Dossenbach-Glaninger*, G. Schemthaner. Med. Dept. 1 and 
Dept, of Clin. Chem.*, KA Rudolfstiftung Hospital, Vienna, Austria 
Background and Aims: An association of chronic, subclinical inflammation with an. 
increased cardiovascular risk has been shown and diabetic patients present with high 
circulating levels of acute phase proteins. We studied the impact of improved 
metabolic control on concentrations of C-reactive protein (CRP), fibrinogen (FIB), 
interleukin-6 (IL-6), plasminogen activator inhibitor-1 (PAI-1) and tumor necrosis 
factor alpha (TNF) in patients with type 2 diabetes. Materials and Methods: This is a 
prospective study in poorly controlled (Mean (SD) HbAIc: 9.1 %(1.3)) type 2 
diabetic patients (n=26, age (yrs): 58.7 (7.1)), who underwent a structured educational 
program, primarily aiming at improving dietary habits. Clinical visits were at weeks 
4, 12, and 24. Inflammatory proteins were measured using highly sensitive 
immunoassays, all other measures were performed using standard methods. Oral 
hypoglycemic therapy remained unchanged during the study period. Longitudinal 
differences were calculated using the paired t-test, and Pearson's correlation analyses 
were performed. Results: After 12 weeks metabolic control improved markedly 
(HbAIc (%): 9.1 (1.3) vs. 7.2 (1.4), pO.OOOl), as well as measures of body fat and 
body fat distribution (body weight (kg): 86.7 (13.6) vs. 83.8 (13.8), p=0.0001; BMI 
(kg/m2): 31.0 (5.5) vs. 29.9 (5.3), p=0.0003, waist circumference (cm): 102.0 (12.0) 
vs. 98.9 (13.5), p=0.023). However, inflammatory proteins remained unchanged (CRP 
(mg/L): 5.05 (3.8) vs. 4.72 (3.7); TNF (pg/ml): 7.24 (6.5) vs. 8.44 (8.9); IL-6 (pg/ml): 
4.73 (2.8) vs. 4.87 (3.5)), with a tendency towards a decrease for FIB (mg/dl: 397 (86) 
vs. 383 (92), p=0.15) and PAI-1 (U/ml: 27.7 (14.8) vs. 23.1 (12.6), p=0.08). We found 
significant inter-relationships among inflammatory proteins (CRP vs. FIB: r=0.65, 
CRP vs. IL-6: r=0.4S, CRP vs. TNF: r=0.42, FIB vs. TNF: r=0.43, IL-6 vs. TNF, 
r=0,44, all p-values <0.05). PAI-1 was related to components of the insulin resistance 
syndrome (vs. BMI: r^O.55, vs. subscapular skinfold: r=0.43, vs triglycerides: r=0.75, 
vs. serum insulin: r=0.55, all p-values <0.05). Conclusions: A significant 
improvement of metabolic control (HbAIc: minus 1.8%) was not associated with a 
decrease in circulating inflammatory proteins in type 2 diabetic patients within 12 
weeks. These data support the notion - as derived from the UKPDS - that 
improvement of metabolic control alone may not suffice to improve the increased risk 
of macroangiopathy in type 2 diabetic patients. 
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Fibrinogen and C-Reactive Protein levels in patients with diabetes nielli f us: 
Association with complications 
LCakmak **, S.GulIu*, GErdogan*. 

Ankara University, Faculty of Medicine, Departments of Endocrinology and Metabolic 
Diseases* and Medicine**, Ankara, Turkey 

Background and Aims: Recent studies show that in diabetic subjects an increase of 
plasma fibrinogen and C-reactive protein (CRP) concentrations are associated with a high 
risk of cardiovascular complications. The aim of this study was to investigate the plasma 
fibrinogen and CRP levels and their relationship with diabetic complications in patients 
with Type 2 diabetes mellitus (DM). 

Materials and Methods: 73 patients with DM and age and sex matched 23 healthy 
controls were included to the study. Duration of diabetes mellitus, body mass indexes, 
plasma glucose, HbAIc, lipid profiles, fibrinogen and CRP levels were determined. 
Results: Both plasma CRP and fibrinogen levels were found to be significantly higher in 
patient group than control group ( 8.28+/- 6.96 vs. 3.42 +/- 0.73 mg/L, 4.29 +/- 1.24 vs. 
3.33+/- 0.66 g/L respectively, p<0.01 for both). Patients without any detected diabetic 
complications also show'ed increased plasma fibrinogen and CRP levels when compared 
to controls (7.02+/- 6.6.39 vs. 3.42 +/- 0.73 mg/L, 3.93 +/- 0.75 vs. 3.33+/- 0.66 g/L 
respectively, p<0.01 for both). When patients were re-evaluated according to their 
microvascular complications no difference could be found, regarding CRP and fibrinogen 
levels, between patients groups with or without nephropathy, retinopathy or neuropathy. 
On the other hand, patients with clinical macrovascular disease (n=22) showed 
significantly increased CRP levels than both controls (10.64+/- 7.34 vs. 3.42 +/- 0.73 
mg/L p<0.001) and patients without clinical macrovascular disease (n=51, 7.26 +/- 6.6 vs. 
3.42 +/- 0.73 mg/L p<0.01). 50% of the patients with macrovascular disease had clinically 
increased CRP levels (>/= 10 mg/L) and 81.8% had elevated fibrinogen concentrations. 
There was a negative correlation between HDL-cholesterol and CRP levels (r:-0.431, 
p<0.01). None of the other parameters showed correlation with plasma fibrinogen or CRP 
levels. 

Conclusions: The data suggest that Type 2 diabetes mellitus is associated with a systemic 
inflammatory response. Fibrinogen and C-reactive protein concentrations are higher in 
diabetic patients. As a marker of systemic inflammation, raised CRP concentrations are 
associated with an increased incidence of macrovascular disease. Chronic inflammation 
therefore emerges as a potential mediator of macrovascular disease. These findings may be 
relevant to strategies aimed at reducing risk of macrovascular complications in patients 
with diabetes. 
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ALBUMINURIA, ENDOTHELIAL DYSFUNCTION AND INFLAMMATION ARE 
ASSOCIATED WITH RISK OF DEATH IN TYPE 2 DIABETES 
M.-A. Gall 1 , C.D.A. Stehouwer 2 , J.W.R. Twisk 2 , E. Knudsen 1 , J.J. Emeis 5 and H.-H. 
Parving 1 . ‘Steno Diabetes Center, Denmark, J Free University Medical Centre, The 
Netherlands, 3 Gaubius Laboratory TNO-PG, The Netherlands. 

Background and Aims: In type 2 diabetes, an increased urinary albumin excretion 
(AER) is strongly associated with risk of death. The nature of this association is poorly 
understood, but it is unlikely to be causal. We investigated whether chronic, low-grade 
inflammation and/or endothelial dysfunction can explain the association between 
increased AER and risk of death in type 2 diabetes. Materials and Methods: We 
followed a cohort of 328 patients with type 2 diabetes prospectively with repeated 
measurements of AER and plasma markers of chronic, low-grade inflammation (C- 
reactive protein, fibrinogen) and endothelial dysfunction (von Willebrand factor, 
tissue-type plasminogen activator, soluble E-selcctin, soluble vascular cell adhesion 
molecule-1). We assessed their associations with mortality as well as their mutual 
relationships. Results: After a mean duration of follow-up of 9.0 (range 0.2 to 10.9) 
years, 113 (34%) patients had died. After adjustment for cardiovascular risk factors, 
AER and plasma levels of C-reactive protein and soluble vascular cell adhesion 
molecule-1 were significantly and mutually independently associated with mortality. 
The longitudinal development of AER w as significantly and independently determined 
by baseline levels of, and the longitudinal development of BMI, systolic BP, s- 
creatinine, HbA| C and plasma von Willebrand factor (baseline only), soluble E-selectin 
(baseline only), tissue-type plasminogen activator, C-reactive protein, and fibrinogen. 
The longitudinal developments of markers of inflammation and of endothelial function 
were interrelated, but neither clearly preceded the other. Conclusions: Endothelial 
dysfunction and chronic, low-grade inflammation in type 2 diabetes are determinants 
of an increased AER but do not explain why an increased AER is associated with 
mortality. Chronic, low-grade inflammation, endothelial dysfunction and increased 
AER are interrelated processes, develop in parallel, and are strongly but independently 
associated with risk of death. 
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C-ReactivC Protein Is Elevated In Type 1 Diabetic Women And Is Associated 
With Coronary Artery Calcification. 

H\l. Colhoun, CG Schatkwijk, MB Rubens, JII Fuller, CD Stehouwer 

University College London UK, Academic Hospital Vrije Universiteit, Amsterdam, 

The Netherlands. 

Background and Aims: Whether C-reactive protein (CRP), marker of systemic 
inflammation, is elevated in type 1 diabetes is not clear. Our aim was to examine 
whether CRP is elevated in type 1 diabetic patients and whether it is associated with 
coronary artery calcification (CAC) a measure of atherosclerosis. 

Materials and Methods: Using electron beam computed tomography, CAC w-as 
quantified in 194 men and 200 women with (50%) and without type 1 diabetes aged 
30-50 yrs randomly sampled from diabetic clinics and the general population, 
respectively. CRP was measured using a highly sensitive immunoassay. 

Results: CRP was greatly elevated in women with diabetes (median CRP 2.78 mg/L) 
compared to non-diabetic women (median CRP 1.62 mg/L, p=0.003). In contrast 
there little difference in CRP between diabetic (median CRP 1.70 mg/L) and non¬ 
diabetic men (CRP 1.4 mg/L, p=0.6). The elevation in CRP in diabetic women was 
independent of BMC waist hip ratio, physical activity, blood pressure and lipids, all 
of which were associated with CRP (p=0.009 on adjustment for these). Among 
diabetic subjects CRP was positively associated with HbAlc (Spearman’s correlation 
coefficient r=0.25, p=0.0004) but HbAlc did not explain the greater elevation of 
CRP in diabetic women than men. CAC prevalence was similar in diabetic (52%) 
and non diabetic (52%) men. Among women, CAC was much more prevalent in 
those with diabetes than without (47% vs. 21%, Odds ratio =3.6, 95% 0:2-7, 
p=<0.0001 adjusted for age). In all subjects combined those with detectable CAC had 
higher levels of CRP (median 0.7 mg/L) than those without (1.5 mg/L, p<0.001 
adjusted for age sex and diabetes). This association was independent of lipids , BP, 
BMI and waist hip ratio (p=0.03 on adjustment) and was apparent in all four diabetes 
sex groups. 

Conclusions: CRP is selectively elevated in diabetic women and is associated with 
coronary atherosclerosis. This suggests that the role of inflammation in the increased 
risk of coronary disease in diabetic women deserves further investigation. 
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Soluble tumor necrosis factor-alpha receptors in young adults with type 1 
diabetes: relations to smoking and microvascular complications 
G. Targher, L. Zenaii, L. Bertolini, G. Falezza, M. Muggeo, G. Zoppini. Diabetes 
Unit/Sacro Cuore' Hospital of Negrar, and Div. of Endocrinology and Metabolic 
Diseases, University of Verona, Verona, Italy 

Background and Aims: The purposes of this study were 1) to compare plasma levels 
of soluble receptors of tumor necrosis factor-alpha (sTNF-R), which are thought to 
reflect the degree of activation of the TNF-alpha system, in nondiabetic subjects and 
type 1 diabetic individuals, and 2) to evaluate the effects of chronic smoking and 
microvascular complications on plasma sTNF-R levels in type 1 diabetic individuals. 
Materials and Methods: Plasma levels of two sTNF-R (sTNF-Rl and sTNF- 
R2)were measured in 50 young type 1 diabetic patients without clinical evidence of 
macroangiopathy and in a matched-group of 20 healthy volunteers. 

Results: When diabetic patients were subdivided according to smoking status and 
microvascular complications (i.e., microalbuminuria and/or retinopathy), the 
subgroups of patients had similar values of age, sex, BMI, blood pressure, lipids, 
creatinine and glycometabolic control. Nevertheless, plasma levels of sTNF-Rl, but 
not of sTNF-R2, were markedly elevated (p<0.05 or less) in complicated vs 
uncomplicated (2.40*7-0.3 vs 1.80*7-0.1 ng/ml) patients and in smokers vs 
nonsmokers (2.66+/-0.4 vs 1.76+/-0.1 ng/ml). When diabetic patients were 
categorized for the number of cigarettes smoked daily, the relationship between 
plasma sTNF-R 1 and smoking was strictly dose-dependent. Similarly, when patients 
were graded for the degree of nephropathy and retinopathy, plasma levels of sTNF- 
Rl, but not of sTNF-R2, were significantly higher in patients with microalbuminuria 
vs normoalbuminuria, and in patients with severe retinopathy compared with those 
with background retinopathy or with no retinopathy. In a 2-factor analysis of variance, 
both smoking (p<0.01) and microvascular complications (p<0.05)were independent 
predictors of plasma sTNF-Rl, Plasma sTNF-Rl and STNF-R2 concentrations of 
diabetic patients who did not smoke or without complications were substantially 
similar of those of healthy controls. 

Conclusions: Chronic smoking and microvascular complications can exert an 
additive and deleterious impact on the activation of TNF-alpha system, as reflected by 
the levels of circulating sTNF-R, in young adults with type 1 diabetes. 
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TNF-alpha inhibits insulin-mediated vasodilatation in rat skeletal muscle. 

C. Renaudin, M. Lagarde, N. Wiemsperger. 

Diabetic Microangiopathy Unit, Lipha-INSERM U352, INSA-Lyon, 11 Ave J. 
Capelle, Lyon, France. 

Background and Aims: Abnormal reactivity of resistance vasculature may contribute 
to the pathogenesis of diabetic microangiopathy, inducing alterations in regional 
hemodynamics. Tumor necrosis factor-alpha (TNF-alpha), an important inflammatory 
cytokine, may be implicated as causative factor in the pathogenesis of type 2 diabetes. 
The aim of our study was to determine 1) the hemodynamic effect of insulin at the 
level of microcirculation and, 2) the impaa of TNF-alpha on insulin reactivity. 
Materials and Methods: In fasted anesthetized rats, the spinotrapezius muscle was 
exteriorized and supervised with isotonic buffer for in situ visualisation of the 
microcirculation by intravital microscopy. The reactivity of the arterioles (< 20 pm) to 
insulin (1 IU/kg and repeated injections of 0.25 IU/kg every 15 min; S.C.) was 
determined in the presence or not of an intravenous 2h-TNF perfusion (0.5 pg/h). At 
the end of the study, the skeletal microvascular blood flow (MBF) was assessed by a 
soluble marker, the 3H desmethylimipramine (75 pCi/kg; I.V.). 

Results: Hyperinsulinemia caused a significant increase in MBF (1.97-fold) and 
arteriolar diameter (15%). This vasodilatation was already present at time 15 min and 
persisted until the end of the experiment. TNF-alpha completely prevented the 
insulin-mediated precapillary arteriolar vasodilatation and MBF elevation. TNF alone 
had no significant effect on these variables. 

Conclusions: Our data show that hyperinsulinemia induced precapillary arteriolar 
vasodilatation. The acute in vivo administration of TNF-alpha completely abolished 
the hemodynamic action of insulin in rat spinotrapezius muscle. This finding suggest 
that TNF-alpha may be one of the factors contributing to vascular dysfunction in 
diabetic patients. 
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Advanced glycosylation end products increased expression of monocyte 
chemoattractant profein-l in human umbilical vein endothelial cells. 

LIU Naifeng and Hao Feng. Southeast University, Nanjing, China. 

Background and Aims: Accumulation of advanced glycosylation end 
products(AGEs) was found in atherosclerotic lesions and may play an important role 
in pathogenesis of atherosclerosis. Monocyte chemoattractant protein-1 (MCP-1) is 
expressed in many type of cells and also in atherosclerotic plaques. Therefore, MCP-1 
is thought to be involved in atherogenesis. This study is designed to investigate effect 
of AGEs on expression of MCP-1 in human umbilical vein endothelial 
cel!s(HUVFC) 

Materials and Methods: AGEs was prepared by incubation of BSA with different 
concentrations of glucose for different periods. Expression of MCP-1 mRNA in 
cultured HUVEC exposure to AGEs was quantified by RT-PCR. MCP-1 protein was 
determined by western blotting. Biological activity of MCP-1 was observed by 
monocyte chemotaxis assay performed in a modified Boyden chamber. 

Results: When the cells were incubated with AGEs-BSA(200 mg/L) glycosylated 
with glucose of different concentrations^, 20, 50, 80 mmol/L) for 24 h, expression of 
MCP-1 mRNA and MCP-I protein in HUVEC and distance of monocyte migration 
w ere increased significantly with ascent of concentrations of glucose, with a peak at 
the glucose concentration of 50 mmol/L(mRNA 0: 0.86f-0.03; 20: 0.88+-0.02; 50: 
1.08+-0.03; 80: O.93+-O.0I. protein 0: I0.92+-1.I; 20: 20.89+-2.91; 50: 34.05 +-2.98; 
80: 28.95+-3.11. distance 0: 28 8f-4 23, 20: 30.4+-5.11; 50: 45.Of-3.84; 80: 41.0+- 
2.51). When the cells were treated with AGEs-BSA(200 mg/L, glucose 50 mmol/L) 
for different periods(0, 12, 24, 36 h), expression of MCP-1 mRNA and protein in 
HUVEC and migration distance were increased with time of AGEs incubation, with a 
peak at 24 h. When the conditioned medium of HUVEC produced by AGEs was 
pretreated by anti-MCP-1 antiboby, increased distance of monocyte migration was not 
found. 

Conclusions: AGEs enhanced expression of MCP-1 in HUVEC and followed by 
increased chemotaxis activity for monocyte. 
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EFFECTS OF DIETARY CARBOXYMETHYLLYSLNE (CML) INTAKE ON 
CML LEVELS AND ALBUMIN EXCRETION RATES IN HEALTHY 
SUBJECTS 

Z. Wagner, 1 Wittmann, I Mazak, L Poto, V Faist, R Schinzel, A Heidland, J Nagy 
Second Dept, of Medicine and Central Research Laboratory, University of Pecs, 
Hungary, Institute for Human Nutrition and Food Science, University of Kiel, 
Physiological Chemistry 1 and Dept, of Medicine, University of Wurzburg, Germany 

Background and Aims: Advanced glycation end products (AGEs), particularly 
CML, have been implicated in diabetic complications. Besides endogenous formation, 
AGEs can derive form food as well. The aim of this study was to elucidate whether 
dietary CML-Ioad exerts detrimental effects on renal function in healthy subjects. 
Materials and Methods: A cross-over study was carried out in 21 young adults (age: 
25±5 years). We compared the effect of heated (CML-rich) foods to the effect of 
unheated (CML-poor) foods on serum and urine CML levels (ELISA, Roche 
Diagnostics, Penzberg, Germany), 24-hour creatinine clearance, AER and blood 
pressure. Protein content of diet was 3g x kg body w eight-1 x day-1. Heated diet 
contained approx. 60 mg CML/day, while CML content of unheated food was 
negligible. Volunteers were randomised into 2 groups. After a baseline week with 
habitual diet subjects in group A consumed CML-rich food for one week and after 
another week with habitual diet they consumed CML-poor diet for the last week. In 
group B the sequence of diets was reversed. Results: In group A, after one week of 
CML-rich diet we observed slightly elevated fasting scrum CN1L levels (294 ± 9 vs. 
329 ± 9 ng/ml, p < 0.05) and increased urinary CML excretion rates (1.3 ± 0.1 vs. 1.7 
± 0.2 mg/day, p < 0.01), while CML-poor diet decreased urinary CML excretion rates 
(1.2 ± 0.2 vs. 0.6 ± 0.2 mg/day, p < 0.01). Similar changes in serum and urine CML 
levels were observed in group B as well. CML-rich diet resulted in increased urinary 
albumin excretion in group A (8 ± 1 vs. 31 ± 12 mg/day, p < 0.05), while all other 
changes in albumin excretion were insignificant. Creatinine clearance and blood 
pressure remained unchanged during the study. Conclusions: Elementary CML-rich 
protein overload induces a slight rise in serum and urine CML levels as well as in 
albumin excretion rates indicating potential uptake and turnover of AGEs from heated 
food. 
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ADVANCED GLYCATION ENDPRODUCTS IN HUMAN DIABETIC 
PERIPHERAL NERVE 

I. MIsur, Z. Turk, A. Barada, Z. Milicevic and Z. Metelko. Vuk Vrhovac University 
Clinic, Zagreb, Croatia. 

Background and Aims: Nonenzymatic glycation leading to AGE formation is one of 
the important biochemical pathways involved in the development of long-term 
diabetic complications and with a potential role in diabetic neuropathy. The aim of 
our study was in situ detection of AGE-immunoreactivity in the sural and femoral 
nerve from type 2 diabetic patients with proximal diabetic neuropathy (PDN). 
Materials and Methods: Twelve patients with classic, abrupt-onset, sensorimotor 
form of PDN were included in the study (age 65.0*7-6.6 yrs, m/f 7/5, diabetes 
duration 12.5*/-5.6 yrs, PDN duration 4.2*/-1.7 mo, HbAlc 7.7 %). The specimens 
were collected by biopsy of a small sensory branch of the femoral and sural nerves 
and AGE deposits were detected by an indirect immunofluorescence technique. The 
primary antibody was polyclonal anti-AGE. Competitive ELISA was used to measure 
total scrum AGEs and blocking ELISA to measure anti-AGE autoantibodies. Soluble 
AGE-immune complexes were detected by immunochemical method. 

Results: Immunohislochemical examination under fluorescence microscope 
demonstrated AGE deposits located in the perineurium, focally in the endoneurium, 
and in the myelin protein area of diabetic nerves. A strong AGE positivity was 
detected in five out of six femoral nerve samples and was located mainly in the 
myelin sheath. In sural nerve sections AGE deposition was found in the myelin, 
perineurium, and focally in the endoneurium. Six of them showed positivity in all the 
patterns, while in one sural nerve section AGE deposits appeared in the perineurium 
only. The AGE-immunorcacti vity in the control specimen was negative or of very low 
intensity. Total AGEs, free anti-AGE antibodies and circulating AGE-IC were 
significantly higher in diabetic (n=12) than in control (n=20) serum samples (AGEs: 
38.6+/-6.9 vs. 25.1+/-7.2 ugEq/ml, p<0.001; Anti-AGE antibodies 58.7*7-20.2 vs. 
17.4*7-15.4 AU, p<0.001; AGE-IC 5.9+A2.4 vs. 3.39*/-l.I AU; p<0.001). 
Conclusions: Our study demonstrated excessive AGE deposition on peripheral nerve 
cytoskeletal and myelin protein components, and significantly higher circulating 
AGE-immune complexes in human diabetic neuropathy. 
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EVALUATION OF GLYCATED INSULIN IN PLASMA AND 
BIOLOGICAL TISSUES OF DIABETIC ANIMAL MODELS 
A.M. Me Killop, M.H. Mooney, F.P.M. O'Harte and P.R. Flatt. School of 
Biomedical Sciences, University of Ulster, Coleraine, N. Ireland, U.K. 

Alms: To evaluate the glycation of insulin in plasma and biological tissues of 
diabetic animal models. Methods: Polyclonal antibodies of high specificity 
and sensitivity were produced against glycated insulin and used in R1A and 
immuno-cytochemistry (ICC) to assess glycated insulin in lean mice (n=I0), 
ob/ob mice (n=10) and hydrocortisone (HC) treated diabetic rats (n=10; 80 
mg/kg/day). Results: Glycated insulin circulated at 0.1 ± 0.04 ng/ml and 2.2 
± 0.1 ng/ml in lean and obese mice corresponding to 12.5 and 9.8% total 
insulin, respectively. The concentration of glycated insulin was elevated 22- 
fold (PO.OOI) in obese mice (glucose 22 ± 0.9 mmol/1) compared to controls 
(glucose 2.0 ± 0.4 mmol/1). In the pancreas, glycated insulin was 48 ± 10 and 
83 ± 4 ng/g \vt (P<0.05) in lean and obese mice respectively, representing 2% 
total insulin (4.6 ±0.17 pg/g wt) in the diabetic pancreas. ICC revealed 
fluorescent positively stained cells in pancreatic islets from HC-treated 
diabetic rats (glucose 26 ± 1.0 mmol/1). Fasting of HC-treatcd rats, resulted 
in 3-fold and 15-fold reductions in plasma glycated insulin (PO.Ol; from 
0.85 ± 0.16 ng/ml) and insulin (PO.OOI; from 9.25 ± 0.50 ng/ml) 
respectively. Following a 30 min feeding period in these insulin resistant rats, 
plasma concentrations of glucose, insulin and glycated insulin increased 
(PO.OOI) rapidly with 1.4-, 1.6- and 2.9-fold elevations, respectively. 
Injection of HC-treated rats with insulin (50 U/kg) resulted in a rapid 33% 
decrease of plasma glucose (PO.OOI) and a marked 4-fold increase in 
plasma insulin (PO.Ol), whereas glycated insulin concentrations remained 
unchanged. Conclusions: Glycation of cellular insulin appears to be a 
glucose concentration dependent process. The physiologically regulated 
secretion of glycated insulin into the circulation suggests a role in the 
pathogenesis of diabetes. 
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IDENTIFICATION OF Tyr'-GLUCITOL CIP IN INTESTINES OF 
DIABETIC MICE WITH ENHANCED INSULIN-RELEASING ACTIVITY 
M.H. Mooney, V.A. Gault, Y.ILA. Abdel-Wahab, P.R. Flatt and F.P.M. O’Harte, 
School of Biomedical Sciences, University of Ulster, Coleraine, Northern Ireland. 

Aims: To evaluate glycated GIP (Tyr*-glucitoI GIP) in intestinal extracts 
and compare its ability to stimulate cyclic AMP production and insulin 
secretion with native GIP. Methods: Small intestines from lean control and 
hyperphagic obese diabetic (ob/ob) mice (aged 20-25 weeks, n=10) were 
extracted in acid ethanol. Glycated and non-glycated GIP were separated by 
GlycoGel B affinity chromatography and quantified by fully cross-reacting 
(IR) GIP radioimmunoassay. Tyr'-glucitol GIP was produced by incubating 
synthetic GIP under hyperglycacmic reducing conditions, purified by RP- 
HPLC and characterized using electrospray ionization mass spectrometry. 
Insulin release (mean ± SEM, n=8) was measured in clonal pancreatic BRIN- 
BD11 cells following acute 20 min incubations. Intracellular cAMP 
production was measured (n=6) using Chinese hamster lung fibroblast (CHL) 
cells stably transfected with human GIP receptors. Results: Total IR-GIP 
detected in intestines of obese diabetic mice (451 ± 66 pmol/g) was 
significantly greater (P<0.05) than in lean mice (251 ± 115 pmol/g) and Tyr 1 - 
glucito! GIP represented 21% (90 ± 19 pmol/g) of total GIP extracted from 
obese mice but was below detection limits in lean controls. Native GIP dose- 
dependently stimulated insulin secretion (PO.OOl) by 1.2- to 1.8-fold over 
the concentration range 10' n to 10'* mol/1 at 5.6 mmol/1 glucose (basal 2.0 ± 
0.1 ng/10 6 cells/20min). Tyr ! -gIucitol GIP was 25% more potent at 
stimulating insulin secretion compared to native GIP (P0.001) at lO - * mol/1. 
Upon binding to CHL cells, GIP and Tyr'-glucitol GIP evoked a marked 1.2- 
to 1.8-fold stimulation of cAMP production. The calculated ECjo values for 
these peptides were 18.2 and 2.03 nmo!/l, respectively. Conclusions: N- 
terminally glycated GIP is present in the intestines of obese diabetic (ob/ob) 
mice and this structural modification increases cellular cAMP production and 
insulin secretion in vitro. 
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DO SERUM LOW' MOLECULAR WEIGHT ADVANCED GLYCATION END 
PRODUCTS CORRELATE WITH COMPLICATIONS ASSOCLVTED W ITH 
DIABETES? 

Sandra J. Rainbow, Shoma Krishna and Patrick Sharp. Northwick Park Hospital, 
I farrow, UK 

Background and Aims: Low molecular weight advanced glycation end products 
(AGEs) have been suggested to play a role in the initiation of complications 
associated with diabetes. 

Materials and Methods: We have used a simple fluorescent assay (excitation 
wavelength 247nm, emission wavelength 440nm) to quantify these molecules in 
serum after precipitation with trichloroacetic acid. AGEs were quantified in arbitrary 
fluorescence units (AFU) due to the lack of any concensus standard for AGEs. We 
have explored the circulating levels of AGEs in an unselectcd diabetic clinic 
population of 443 patients (203F, 240M) mean age 57 ± 15.2 years with other 
correlates (HbAlc, urinary albumin/creatinine ratio (ACR), and blood pressure) of 
diabetic control and complications. Retinopathy was present in 176 of the diabetic 
patients. Serum from 106 (60F, 46M) unsclected non-diabetic subjects, mean age 52 
±12.9, acted as controls. 

Results: Serum AGEs in the diabetic group (mean 13.6 AFU ± 36 ) were 
significantly higher (p <0.0001) than in the control group (mean 6.2 AFU ± 2.9 ). 
There was no significant difference (t = -0.83, p^AI) between scrum AGEs in the 
diabetic male (mean 15.0 AFU ± 44) and female (mean 12.1 AFU ± 22.8) groups. 
There was no correlation between serum AGEs and HbAlc in the diabetics (r=0.07, 
p=O.I2S9). The strongest correlation of scrum AGEs was with urinary ACR (r=0.23, 
p<0.0001). There was no significant difference in serum AGE levels between the 
diabetics with and without retinopathy (p 0.99). 

Conclusions: We have demonstrated that low molecular weight serum AGEs 
correlate better with indicators of macrovascular disease (urinary ACR) rather than 
micro vascular disease in diabetic subjects. 
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Hydrogen peroxide and pentosidine productions by myosin in diabetic 
myocardium. 

A. Moh*, N. Sakata*, S. Takebayashi*, R. Nagai“, and S. Horiuchi**, ‘Second 
Department of Pathology, Fukuoka University Medical School, Fukuoka, “Second 
Department of Biochemistry, Kumamoto University School of Medicine, 
Kumamoto, Japan 

Aim: The purpose of this study was to examine myocardial H„0 2 and pentosidine 
production from the Maillard reaction in NIDDM. Methods: A novel model using 
physiological levels of urea (a H 2 0 2 stabilizer) was developed to monitor H 2 0 2 
production from myosin in long-term incubation with various concentrations of 
glucose In \itro. H 2 0 2 was assayed by a xylenol assay. Pentosidine levels in myosin 
were determined by HPLC analysis. Results: Our in vitro experiments 
demonstrated that both H 2 0 2 and pentosidine productions from the Maillard 
reaction of myosin were in a glucose-dose dependent manner. Molecular 
experiments showed that pentosidine formation was significantly enhanced by 
hydroxyl radical generated from H 2 0 2 via Fenton reaction. Corresponding to the in 
vitro data, myocardial levels of H 2 0 2 and pentosidine were higher in NIDDM group 
(mean±SD: control, n-10; NIDDM, n=7; H 2 0 2 , 0.10±0.01 vs. 0.19±0.02 (pM/g); 
pentosidine, 2.02±0.17 vs.3.17±0.21 (nM/mg), both p<0.05). In addition, the levels 
inversely correlated with left ventricular ejection fraction (n’17, H 2 0 2 vs. LVEF, 
r=-0.76, n=17, pentosidine vs. LVEF, r=-0.73; both p<0.05). Immunostaining with 
an anti-pentosidine antibody showed fine pentosidine granules in association with 
distortion, disruption, and destruction of the striae in diabetic myocytes. 
Conclusions: Our data identified a nov el source of myocardial H 2 0 2 production in 
patients with NIDDM. The high levels of H 2 0 2 and pentosidine may synergistically 
contribute to cardiac damage in NIDDM. 
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INCREASE LN SERUM LEVELS OF ADVANCED GLYCATION 
ENDPRODUCTS IN HIGH RISK CORONARY ARTERY DISEASE PATIENTS IS 
MODIFIED BY THE ACE INHIBITOR RAMIPRIL 

B K. Kilhovd 1, E. Hjerkinn 2, L SeljcQot 2, T.J. Berg 1 and A. Reikvam 3. 1 Aker- 
UllevdJ Diabetes Research Centre and Hormone Laboratory, Aker University Hospital, 2 
Center for Clinical Research, Ullevil University Hospital, 3 Dept, of 
Pharmacotherapeutics, University of Oslo, Oslo, Norway 

Background and Alms: Advanced glycarion endproducts (AGEs) which are formed by 
glycalion or glycoxidalion of proteins and lipids, are assumed to be participators in the 
premature atherosclerotic process taking place in diabetic patients. Human endothelial 
cells and macrophages possess receptors for AGE, and AGEs have been demonstrated in 
atherosclerotic plaques. Thus, it has been suggested that AGEs play a role in the 
atherosclerotic process in general, and not only in diabetes. Little is known about 
circulating AGEs in patients with coronary artery disease, and no study has examined the 
effect of medical intervention on circulating AGEs. ACE inhibitors have in experimental 
studies demonstrated beneficial molecular effects that might theoretically influence AGEs. 
Accordingly, we decided to investigate AGEs in high-risk coronary artery patients 
included in a clinical trial with ACE inhibitors. Materials and Methods: We applied our 
recently developed immunoassay for measurement of serum AGEs utilizing a polyclonal 
anti-AGE antibody and time delayed fluorescence (DELFIA). Patients examined were 
those included at one centre in the Heart Outcomes Prevention Evaluation (HOPE) trial. 
All patients were randomised at baseline to ramipril (R) or placebo (P). Forty-three 
patients (36 men, 7 women, mean age of 66.5 +6.0 years) with coronary artery disease 
and 40 months follow-up were studied, those with diabetes or renal impairment were 
excluded. The R and P groups comprised 24 and 19 patients respectively. Fasting blood 
samples were collected and serum AGEs were measured both at baseline and after 40 
months. Results: Serum levels of AGEs (median (5-95 percentile)) increased significantly 
from baseline to 40 months both for the R group, 5.8 (2.7-14.1) U/ml to 7.2 (2.4-21.0) 
U/ml, p<0.005. and for the P group 4 6 (0.3-17.2) to 7.7 (4.3-23.2) U/ml, p<0.005, 
respectively. The increase was significantly lower in the R group than in the P group 
(p<0.05). Conclusions: Serum levels of AGEs increased in high-risk patients with 
coronary artery disease during the study period of 3.5 years. The increase was significantly 
lower in the ramipril group than in the control group. The ACE inhibitor ramipril, which in 
the HOPE study substantially reduced cardiovascular mortality and morbidity, might 
interfere with the accumulation of AGEs and thereby have a protective effect in the 
development of atherosclerosis 
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ASCORBIC ACID SUPPLEMENTATION REDUCES BLOOD PRESSURE AND 
ARTERIAL STIFFNESS IN PATIENTS WITH TYPE 2 DIABETES 
BA Multan 1 , IS Young 2 , and DR McCancc 1 . Metabolic Unit 1 & Dept of Clinical 
Chemistry 2 , the Royal Victoria Hospital, Belfast, Northern Ireland, BT12 6BA. 
Background and Alms: Oxidative stress is increased in diabetes. Free radicals can 
degrade endothelial derived nitric oxide (NO). Reduced NO bioavailability may cause 
increased blood pressure and vascular dysfunction. We examined the effects of 
ascorbic add supplementation on blood pressure and artery stiffness in type 2 diabetes. 
Materials and Methods: 22 patients with uncomplicated type 2 diabetes (age 50-70, 
M/F 17/5) were recruited and randomised in a double blind manner to ascorbic add 
500mg daily or placebo for one month. Brachial systolic and diastolic blood pressure 
(BSBP, BDBP) were measured with the Omron HEM-705CP. The SphygmoCor™ 
Pulse Wave Analysis System was used to record radial artery pressure waveforms and 
generate the corresponding central aortic pressure waveforms. From these waveforms 
central aortic systolic and diastolic blood pressure (ASBP, ADBP), augmentation index 
(Aglx, measure of systemic arterial stiffness), the timing of wave reflection (Tr, 
measure of aortic pulse wave velocity) and the Buckbcrg Subendocardial Viability 
Ratio (SEVR, measure of endocardial perfusion) w ere derived. 


Results: _ Placebo (n=ll) __ Ascorbic Add (n-11) 
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Data “ mcan+ SEM. *p<0.05, **p<0.01 versus baseline; tp<0.05 versus placebo. 
Conclusions: Ascorbic add lowered both peripheral and central aortic blood pressure, 
reduced arterial stiffness and improved endocardial perfusion. Ascorbic add 
supplementation may therefore be of benefit to patients with type 2 diabetes. 


ERYTHROCYTE REFRACTIVE INDEX, MEMBRANE FLUIDITY AND 
PLASMA ANTIOXIDANT STATUS IN DIABETIC PATIENTS 
A Jurka u , G. Mazarevica 1 , D. Tirzitc 1 , I. Krasnakova 1 , P. Tretjakovs 1 ' 2 , A. 
Zvaigzne 2 and V. Pirags 2 . ’Latvian Institute of Experimental and Clinical 
Medicine; 2 P.Stradins University Hospital, Riga, Latria. 

Background and Aims: It has been shown that diabetes is associated with 
functional and structural changes of erythrocytes. Our study' was designed to 
clarify the relationship of glycated haemoglobin (HbA| C ) with erythrocyte 
refractive index, fluidity of erythrocyte membranes, and antioxidant status in 
plasma. Materials and Methods: 18 diabetic (NIDDM and IDDM) patients (D) 
before (HbAi c >10%) and afler 90 days of antidiabetic therapy (HbAt c <6.5%) 
and 20 healthy controls (C). All patients were without diabetic complications, 
peripheral vascular disease, hypertension and dyslipidemia. The groups were 
matched for age, sex and body mass index. Erythrocyte membrane fluidity was 
determined by means of hydrophobic fluorescence probe 1,6-diphcnyIhexa-1,3,5- 
triene. Erythrocyte refractive index was evaluated by po 1 arismg-interference 
microscopy at different pH. Antioxidant status in plasma - by measuring radical 
cation 2^’-azinobis-(3-ethylbcnzothiazoIine-6-sulfonate) scavenging activity. 
Results: Before therapy diabetic patients had higher values (mcanfSD; Mann- 
Whitney U test) of fluorescence anisotropy (FA), erythrocyte refractive index 
(RJ) and plasma antioxidant status (AS) than controls (FA: D 0.233+0.010 vs C 
0.208±0.002, p<0.0001; RI: D 1.61 ±0.02 vs C l.I4±0.33, p<0.0001, pH=6.9 and 
AS: D 47.6±2.9 vs C 38.6±2.7%, p<0.0001). After therapy no significant 
differences were found. HbAi c correlated with FA (r * 0.62; p<0.05), RI (r = 
0.56; p<0.05) and AS (r = 0.59; p<0.05). Conclusions: Poor diabetes control 
causes significant changes of erythrocyte membrane fluidity, erythrocyte 
refractive index and plasma antioxidant status. Abnormal properties of 
erythrocytes may be the result of non-enzymatic glycation of proteins and 
overproductions of free radicals. 
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Effect of probucol treatment on malondialdehyde-modified low-density 
lipoproteins in type 2 diabetic patients with hypercholesterolemia. 

ILIijima, N.Sato, S.Motohashi, H.Kase, Y.Kawagoe, M.Matsumura, H.Atsuta, M_ 
Enomoto, T.Kato, Y.Mochizuki, H.Kanazawa, H.Kuroda, N.Bannba, Y.Hattori, and 
K. Kasai 

Dept of Endocrinology and Metabolism, Dokkyo University School of Medicine 
Mibu, Shimotsuga, Tochigi, Japan 

Background and Aims: Numerous studies indicated that oxidized low-density 
lipoproteins (ox-LDL) plays a critical role in the pathogenesis of atherosclerosis. 
Probucol, 4,4’-(isopropylidenedithio) bis(2,6-di-tertbuty I phenol), is a widely used 
cholesterol lowering drug. This drug is accepted to have antioxidant actions, however, 
the clinical effect of probucol on lowering ox-LDL is still unknown. We studied the 
effect of probucol on malondialdehyde-modified LDL (MDA-LDL) as ox-LDL 
marker and other lipids markers in type 2 diabetic patients with hypercholesterolemia. 
Materials and Methods: All data were shown as mean+-SE. Subjests were thirty 
type2 diabetic patients (male:4, female:26. age; 58.6+-I.9 yr. duration of diabetes; 
7.2+-0.8 yr; incidence of macroangiopathy; 23.3 %) with hypercholesterolemia 
(T.Chol >220 mg/dl). All patients gave their informed consent to this study. Before 
and 3 months after probucol (500mg/day) treatment, MDA-LDL (measured by ELISA 
with ML25 antibody) and other lipids markers [T.Chol (TC), high density lipoprotein 
cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), lipid peroxidation 
(LPO), lipoprotein a (Lp(a)), remnant-like particle cholesterol (RLP-C)] were 
measured. 

Results: At the start of treatment, MDA-LDL (I27.5+-5.9 U/L) was positively 
correlated with LPO (5.4+-0.4 nmol/ml), TC (242.8+-5.I mg/dl), LDL-C (149.9+- 
14.4 mg/dl), and HbAic (7.5+-0.2 %) (P<0.05). Three months-treatment of probucol 
significantly reduced MDA-LDL (108.5+-6.1 U/L), LPO (4.3+-0.4 nmol/ml), TC 
(222.3+-3.7 mg/dl), HDL-C (40.8+-1.7 mg/dl), and LDL-C (142.7+-5.7 mg/dl) 
(P<0.05), although the other markers were not changed. Furthermore, % change in 
MDA-LDL by probucol treatment also positively correlated with % changes in LPO 
(P<0.05) and HbAic (P<0.001). There was no side effects observed by the treatment. 
Conclusions: These data firstly demonstrate that probucol clinically reduced MDA- 
LDL. Probucol may be useful as a drug to prevent atherosclerosis in type 2 diabetic 
patients by quantitatively and qualitatively improving dyslipidemia. 
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EFFECTS OF a-LIPOlC ACID ON LIPID AND PROTEIN OXIDATIVE 
DAMAGE AND LYSOSOMAL ENZYME ACTIVITY IN TYPE 1 DIABETES 

I. Bondar, V. Klimontov, A Pupyshev and I. Porshennikov. Novosibirsk State 
Medical Academy, Novosibirsk, Russia 

Background and Aims: The increased free radical production in diabetes mellitus 
(DM) is believed to induce the lipid and protein oxidative modifications and may be 
responsible for labilization of lysosomal membrane. In this randomized, double-blind 
study- we investigated the effects of antioxidant a-Iipoic acid (ALA) on oxidative 
damage of lipids and proteins and scrum activity of lysosomal enzymes (LEs) in 
DM Materials and Methods: 23 type l DM patients with symptomatic peripheral 
neuropathy (II M/12 F; age 30.1+5.5 yrs; HbAic ll.D+0.5%) were randomly 
assigned to treatment with a daily intravenous infusions of 600 mg ALA 
(12 patients) or placebo (11 patients) for 3 weeks. 25 healthy subjects acted as 
controls. The content of malondialdehydc (MDA), carbony 1 groups in proteins and 
activity of LEs: acid RNA-sc and N-acety l-glucosaminidasc (NAG) were measured 
in bl<x>d scrum. Results: Mean blood glucose and HbAic levels did not differ 
between the groups during the study. At baseline the level of MDA, protein 
carbonyls, acid RNA-sc and NAG activity were increased significantly in both 
diabetic groups respect to control (all p<0.05). Therapy with ALA reduced MDA 
(1.76+0-57 jimol/ml at bisdinc vs 1.1+0.27 after the treatment), activity of acid 
RNA-asc (7.9+0.9 Vs 6.9+.0.8 nmolxh’xml’) and NAG (802+91 vs 713+92 
nmolxh’ , xmr 1 ) in serum (all p<0.05). There was a trend toward a decreasing in 
protein carbony ls in ALA group (888+141 vs 853+83 nmol/rag, p>0.05). In placebo 
group parameters did not change significantly (MDA: 1.68+i).62 vs 1.57+0.16 
nmol/ml; acid RNA-ase: 7.8+1.0 vs 7.7+1.2 nmolxh’xml NAG: 827+89 vs 
812+94 nmolxh ’xnil 1 ; protein carbonyls: 863+136 vs 869+66 nmol/mg; all p>0.05). 
Conclusions: The results demonstrate that a-Iipoic acid administration may reduce 
oxidative damage of scrum lipids and proteins in patients with type 1 DM. Moreover, 
a-Iipoic acid decrease high scram activity of LEs, an effect that may be due to the 
inhibition of ly sosomal membrane labilization mediated by oxidative stress. 
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Inhibition of high dos« glucose-inductd overproduction of superoxide anion in J- 
774 cells by various HMG-CoA inhibitors. 

Y.Kawagoe, N.Sato, T.Okayasu, T.Kashiwakura, ILlijima, H.Kasc, H.Aisuta, and 
K. Kasai. Dept, of Endocrinology and Metabolism, Dokkyo University School of 
Medicine, Mibu, Tochigi, Japan. 

Background and Aims: It is suggested that oxidant stress causes microangiopathy and 
arteriosclerosis in diabetic patients. The origin of oxidants (oxygen-derived free radicals) 
is not still completely known, however, overproduction of oxygen-derived free radicals 
(e.g. superoxide anion: 02-) from macrophage is now thought to cause diem. On the other 
hand, attention is called to the fact that HMG-CoA inhibitors (statins) reduce neoinitial 
inflammation of arteriosclerosis. Because it is not clear that statins affect the 
overproduction of 02- by macrophages under high dose glucose condition, we studied the 
effect of various statins on the generation of 02- by J-774 macrophage-like cell line under 
high dose glucose culture. 

Materials and Methods: The basal and stimulated generations of 02- were measured by 
chemiluminescence amplified with a Cypridina luciferin analog The stimulated 
generation of 02- was assessed with the maximally changed value of chemiluminescence 
in response to 100 nM phorbo! 12-myristate 13-acetate (CLA-DCL). J-774 cells were 
cultured with medium (DMEM) containing 100-600 mg/dl of glucose, with or without 
various statins (cerivastatin, fluvastatin, and nisvastatin). The effects of co-incubation with 
statins and mevalonic acid, and a NADPH oxidase inhibitor (diphenyleneiodonium 
chlorides: DPI), and a protein kinase C inhibitor (GF-109803X: GF) were also studied. 
Results: Three-days culture with high dose glucose apparently increased both basal 
chemiluminescence and CLA-DCL in a dose dependent manner (600 mg/dl glucose; basal 
CL: 181%, CLA-DCL:202%, P<0.01). The high dose glucose-induced increases in both 
basal CL and CLA-DCL were also time-dependent (7 days with 600 mg/dl glucose, 
basal:346%, CLA-DCL:278%, P<0 05). Every statins (0.1-10 uM) significantly inhibited 
the high dose glucose-induced overproduction of 02- in a dose dependent manner 
(P<0.001), and the statins-induced inhibition was clearly prevented by co-incubation with 
100 uM mevalonic acid (P<0.05). Both 20 uM DPI and 2 uM GF also inhibited the high 
dose glucose-induced increase in 02- (P<0.001). 

Conclusions: These data suggest that high dose glucose causes overproduction of 02- 
generated through NADPH oxidase and protein kinase C pathways, and statins suppress 
the overproduction of 02- in J-774. Statins may be useful as a drug to prevent 
microangiopathy and arteriosclerosis by inhibiting oxidant stress in poorly controlled 
diabetic patients. 
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FenoRbrale inhibited high dose glucose-induced overproduction of superoxide 
anion by human monocytes. 

H Kase. N.Sato, lLKawagoe, ILEjima, A-Tsukagoshi, M.Enomoto, H.Atsuta, and K. 
Kasai. Dept of Endocrinology and Metabolism, Dokkyo University School of 
Medicine, Mibu, Tochigi, Japan. 

Background and Aims. Oxidative stress (e g. overproduction of superoxide anion) is 
know to cause microangiopalhy and atherosclerosis in diabetes. Monocyte is one of 
the cells that produce superoxide anion and it may be possible that overproduction of 
oxygen-derived free radicals (eg. superoxide anion) from monocytes causes 
microangiopathy and arteriosclerosis. On the other hand, it is recently appeared that 
peroxisome proliferator-activated receptor [alpha] (PPAR [alpha]) modulates 
inflammation, and fibratcs, antilipidemic agents, exert their pharmacological effects 
via PPAR [alpha]. To evaluate whether fenofibrate, one of fibrales, affect oxidative 
stress in diabetes, we studied the in vitro effect of fenofibrate on the generation of 
superoxide anion in normal monocyte under high-dose glucose condition. Materials 
and Methods: The generation of superoxide anion was measured by 
chemiluminescence amplified with a cypridina luciferin analog. The stimulated 
generation of superoxide anion was assessed with the maximally changed value of 
chemiluminescence in response to lOOnM f-MLP (CLA-DCL). Moncyatcs were 
separated from blood of normal healthy male subjects and cultured with medium 
(DMEM) containing different dosages (100-600 mg/dl) of glucose for 3 days, with or 
without fenofibrate, or a NADPH oxidase inhibitor (diphenyleneiodonium chloride: 
DPI), or a protein kinase C inhibitor (GF-109203X: GF). Effect of Wy-14643, one of 
the PPAR[alfa] agonist, was also studied. Results: High-dose glucose significantly 
increased CLA-DCL in a dose dependent manner (P < 0.05). 600 mg/dl glucose- 
induced increase in CLA-DCL was apparently inhibited by either 20uM DPI or 2uM 
GF (P<0.01). Fenofibrate (lOuM-lmM) also significantly inhibited the high glucose- 
induced increase in CLA-DCL in a dose dependent manner (PO.Ol), and 50uM Wy- 
14643 also inhibited the increase in CLA-DCL (P<0.01). Conclusions: these data 
provide the first evidence that in human monocytes high-dose glucose causes the 
overproduction of superoxide anion through NADPH oxidase and protein kinase C 
systems, and fenofibrate decreases the overproduction of superoxide anion via 
PPAR[alfa], Fenofibrate may be useful as a drug to prevent microangiopathy and 
arteriosclerosis by inhibiting oxidative stress in poorly controlled diabetic patients. 
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Basdioe diene conjugates in plasma low-density lipoprotein and paraoxonase 
activity in Type-2 diabetes and controls 

S Braschi, SB Astley, MJ Sampson. Bertram Diabetes Research Unit, Norwich, 
Institute of Food Research, Norwich, Norfolk and Norwich Hospital, Norwich, UK. 

Background and Aims: Oxidative modification oflow-density lipoproteins (LDL) in 
plasma and in the arterial wall may promote the development of atherosclerosis. 
Surrogate measurements for LDL oxidation/oxidisability include measuring the 
susceptibility of LDL to copper-induced oxidation ex vivo. This method measures the 
copper-induced production of LDL conjugated dienes (mostly derived from modified 
linoleic acid esters) by absorbance at 234 nm. More recently, a well validated method 
that measures diene conjugates LDL at baseline without copper stimulation has been 
developed, and appears to be a more accurate reflection of the presence of oxidatively 
modified plasma LDL in vivo. We measured plasma LDL baseline diene conjugates 
in Typc-2 diabetes and controls as an index of in vivo LDL modification. The 
relationships between activity of the HDL- associated antioxidant enzyme 
paraoxonase and LDL baseline diene conjugation were also examined. 

Materials and Methods: We studied 57 patients with Type-2 diabetes without 
vascular disease (mean age 58.1 ± 10.1 years; mean HbAlc 8.01 ± 0.98 %), and 48 
age- and sex-matched controls. The level of plasma LDL baseline diene conjugates 
was measured using a citrate-heparin precipitation method, and plasma paraoxonase 
activity was assessed spectrophotomctrically by measuring the rate of p-nitrophenol 
produced at 405nm. 

Results: Mean LDL baseline diene conjugates were significantly higher in the Type-2 
patients than in controls (25.5 ± 15.3 vs 19.7 ± 9.4 pmol/I, p “ 0.025), but there was 
no significant difference in LDL concentrations between either gender or group (p > 
0.05). Paraoxonase activity did not differ significantly between groups (p > 0.05), and 
was unrelated to LDL baseline diene conjugate concentrations (p > 0.05). 

Conclusions: Measures of LDL baseline diene conjugation may be a better index of 
in vivo oxidative LDL modification than the usual surrogate methods. LDL baseline 
diene conjugate concentrations were significantly higher in the Type-2 diabetes group 
indicating increased in vivo LDL oxidative modification, and paraoxonase had no 
delectable protective effect against LDL oxidisation. 
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SPECIFIC GLUCOSE ENHANCEMENT OF HEMIN-(Fe 3 ')-CATALYZ£D LDL 
OXIDATION IN VITRO AND IN VIVO 

U. Julius and J. Pietzsch. Institute of Clinical Metabolic Research, Medical 
Faculty Carl Gustav Carus, Technical University, 01307 Dresden, Germany 

Background and Aims: Clinical and experimental evidence suggests that 
oxLDL is increased in diabetes. The mechanisms for these observations 
remain unclear. We hypothesized that redox-active glucose per se is 
involved in LDL oxidation. Materials and Methods: We examined the effect 
of pathophysiological concentrations of glucose (6.5 to 25 mM) on hemin- 
(Fe 3 *)-catalyzed oxidation of LDL apoB-100 in vitro. Oxidative modification of 
apoB-100 has been determined by relative electrophoretic mobility (REM) 
and formation of 5-hydroxy-2-aminovaIeric add (HAVA). HAVA is highly 
specific for hemin-(Fe 3 *)-catalyzed oxidation of apoB-100 proline and 
arginine residues. Furthermore, HAVA levels have been determined in 
subjects with impaired glucose tolerance (IGT. n=12; glucose, 6.48 ± 0.82 
mmol/L). type 2-diabetics (DM. n=10; 7.34 ± 0.71 mmol/L) and controls 
(n=10; 4.52 ± 0.64 mmol/L). Results: In vitro, oxidation of LDL was 
stimulated by glucose resulting in 2- to 5-fold greater REM (px.01) and 1.2- 
to 2-fold higher HAVA levels (p<.01) than control incubations without 
glucose. The effect of glucose was inhibited by the redox-inert iron-chelating 
agent 1,2-DimethyI-3-hydroxypyrid-4-one and superoxide dismutase, resp. 
Thus, enhancement of LDL oxidation by glucose in vitro seems to be specific 
for hemin-(Fe 3 ’)-catalyzed oxidation. In vivo, LDL HAVA levels were 
significantly higher in subjects with IGT (0.052±0.013 mol/mol apoB-100; 
p<.01) and DM (0.0$4±0.011 mol/mol apoB-100; p<01), resp., when 
compared with controls (0.011 ±0.004 mol/mol apoB-100). However, a weak 
correlation between LDL HAVA and fasting glucose levels has been found 
only in DM (Kendall correlation analysis; t=. 533; p<.01). Conclusion: These 
results provide one potential mechanism for enhanced LDL oxidation in 
diabetes. 
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DIABETES-RELATED CHANGES CAN LEAD TO INCREASED IRON- 
INDUCED LIPID PEROXIDATION 

A. Van Campcnhout, A De Bcuf, C.Van Campcnhout, J.Vertommen, I.Dc Lceuw 
and B.Manuel y Kecnoy. Laboratory’ of Endocrinology, University of Antwerp, 
Belgium 

Background and Aims: One of the pathogenic mechanisms postulated to modulate 
the susceptibility of diabetic patients to the adverse effects of hypcrglycaemia is 
oxidative stress. High glucose increases release of free radicals and impairs 
antioxidant synthesis and recycling Less is known on its effects on one of the 
major extracellular antioxidant mechanisms, namely the sequestration of transition 
metals in forms incapable of stimulating free radical reactions. We aimed therefore 
to study the influence of glucose and glycation on the capacity of transferrin to 
inhibit "iron-induced lipid peroxidation. Methods: An in vitro liposome model 
containing different concentrations of iron and ascorbate distinguished between 
iron-binding (IB), iron-oxidising (10) and chain breaking (CB) antioxidant 
capacities which were expressed as % inhibition of the production of ihiobarbituric 
acid reactive substances (TBARS) when compared to the reaction mixture without 
antioxidant. Results: Human apotransferrin (Tf) showed no 10 or CB capacity but 
inhibited peroxidation by IB in a dose dependent manner 46±3%inhibilion at 0.5 
mg/mL, 86±4% at 2 mg/mL and 8$±6% at 5 mg/mL (M±SD n=12), p <0.0001 
when compared to control without antioxidant. Addition of D-glucose 5.6 and 33.3 
mmol/L to liposomes caused 19% (pO.OOOl) and 35% (p<0.0001) increases in 
TBARS resp. but did not enhance the cfccts of iron and ascorbate significantly. 
Incubation of Tf with D-glucose for 10, 14 or 21 days at 37°C which resulted in 
time-dependent increases in glycation: 4.8, 8.6, 32.3 and 327 pmol fructosaminc/g 
protein at 0, 5.6, 33.3 and 1000 mmol/L glucose respectively, caused no changes in 
10 capacity but significant decreases in IB from 89±0.5 % after 0 mmol/L to 
85±2% after 33.3 mmol/L and 0.8±4.5% after 1000 mmol/L glucose, p<0.001. 
Unexpectedly Tf w hich had been glycated by incubation with 1000 mmol/L glucose 
stimulated lipid peroxidation in the CB condition by 10±8%, p<0.01 vs incubation 
with 0 mmol/L glucose.Conclusion: These results suggest that lowered scrum 
transferrin, its gly cation and the presence of high glucose can, by' enhancing the 
pro-oxidant effects of iron, contribute to the increased lipid peroxidation observed 
in diabetes mellitus. The molecular mechanisms behind these observations need 
further investigation. 
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Transition metal catalysed free radical production and defective endothelium- 
dependent relaxation in the mesenteric vasculature of diabetic rats. 

ME. Inkster, M A Cotter and N.E. Cameron. Biomedical Sciences, Aberdeen University, 
Scotland UK 

Background and Aims: Diabetes causes endothelial dysfunction; the involvement of 
oxygen free radicals in impaired nitric oxide (NO) mediated vasodilation has been well 
documented However, the processes whereby free radicals are generated remain to be 
fully elucidated Transition metal catalysed hydroxyl radical production is a potentially 
important source. In the arterioles that control tissue blood flow, other local vasodilators 
such as endothelium-derived hyperpolarizing factor (EDHF) have an important role. It is 
not known whether this mechanism is susceptible to elevated oxidative stress in diabetes. 
The aim was to assess whether an antioxidant treatment strategy using the transition metal 
chelator, trientine, could prevent the development of vascular EDHF and NO deficits in 
experimental diabetes. Materials and Methods: After 4 weeks of streptozo toe in-induced 
diabetes in rats, the responses of the isolated, perfused mesenteric vascular bed to 
vasoactive drugs were examined Treated diabetic rats were given trientine in the drinking 
water such that the daily dose was approximately 20 mg/kg. Results: Acetyl choline (Ach) 
induced maximal relaxation of the phenylephrine-precontracted mesenteric bed was 31.5% 
reduced from 91. 8 ± 2.9% (± SEM) to 62.9 ± 3.6% by 4 weeks of diabetes (p<0.001). 
Trientine treatment provided 75.9% protection (p<0.001) such that maximal relaxation 
(84.8 ± 1.9%) was not significantly different from that of the nondiabetic control group. 
Pre-incubation with NG-nitro-L-arginine eliminated the NO component of vasodilation to 
reveal responses mediated by other vasodilators. Under these conditions, maximum 
relaxation to Ach was reduced to 59.5 ± 5.0% in controls. There was a 42% diabetic 
deficit (34.4 ± 2.2%; p<0.001), which was 77.3% attenuated (p<0.01) by trientine 
treatment, maximum relaxation (53.8 ± 2.7%) being in the nondiabetic range. These 
responses were not significantly altered by co-incubation with the cyclooxygenase 
inhibitor, flurbiprofen, indicating that they w'ere mediated by EDHF. Neither diabetes nor 
trientine treatment altered endothelium-independent relaxation to the NO donor, sodium 
nitroprusside, in the presence or absence of NG-nitro-L-arginine. Conclusions: The data 
show that experimental diabetes has deleterious effects on NO and EDI IF-mediated 
vasodilation and suggest that transition metal catalysed oxygen free radical production is 
an important determinant of impaired endothelium function. Given the relative importance 
of EDHF in microcirculatory control, this mechanism may make a major contribution to 
the aetiology of diabetic microangiopathic complications. 
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Effect of oxidized LDL on the amount of insulin receptor and Ci alpha proteins 
in the caveolae of bovine aortic endothelial cells (BAEC). 

B Y. Cha, H.S. Son, J.M. Lee, S.Y. Jeon, H.S. Kim, K.H. Yoon, K.W. Lee, H.Y. Son 
and S.K. Kang. Medical Dept, Catholic University Medical College, Seoul, Korea 

Background and Aims: Oxidized LDL(ox-LDL) may induce endothelial cell 
dysfunction which results in atherosclerosis or insulin resistance. Several studies have 
shown that ox-LDL inhibits signaling pathways mediated by inhibitory GTP-binding 
proteins(Gi-proteins). And G-protein coupled receptors(GPCRs) can be internalized 
via caveolae. Caveolae are small flask-shaped invaginations of the plasma membrane, 
characterized by high levels of cholesterol and glycosphingolipids and also by the 
presence of caveolin, a 20-24kDa integral membrane protein. G-proteins are enriched 
within caveolae membranes, where caveolin-1 directly interacts with the alpha 
subunits of G-proteins. It is reported that functional changes of G-proteins such ac 
mutational or phamacological activation of G-proteins affect direct interaction 
between G-proteins and caveolin-1. Hereby we investigated the effect of ox-LDL on 
the change of the amount of insulin receptor and Gi alpha proteins in the caveolae. 
Materials and Methods: Ox-LDL was prepared by exposing samples of native LDL 
to CuS04(5uM) for 24 hours. We treated BAECs with increasing concentrations of 
ox-LDL(0-100ug/ml) for various duration. 

Results: Treatment of ox-LDL on the BAEC results in decrease of insulin receptor, 
Gi alpha2 and Gi alpha3 proteins in caveolae(insulin receptor : 66 %, Gi alpha2 
protein : 33 %. Gi alpha3 protein : 66 %, p<0.05 ). 

Conclusions: These results suggest that the change of the amount of insulin receptor 
and Gi-proteins in caveolae may induce endothelial cell dysfunction. 
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PIIENSUCCINAL IMPROVES LIPID PROFILE AND ENHANCES 
PARAOXONASE ACTIVITY IN DIABETIC RABBITS 
N. Gorbenko, V. Poltorak, A. Gladkich, Z. Leshchenko and L. Pivovarevich. 
Institute of Endocrine Pathology Problems, Kharkiv, Ukraine 
Background and Aims: Increased risk of cardiovascular disease in diabetic 
patients may be partially related to abnormal lipid metabolism and oxidative 
damage. The new succinate derivative Phensuccinal (Ph) is a potent antioxi¬ 
dant, which is currently in clinical trials for the prevention of diabetic ne¬ 
phropathy. The aim of the study was to evaluate the impact of long-term 
treatment with Ph on the lipid profile and activity of IIDL-associated anti¬ 
oxidant enzyme paraoxonase (PON) in diabetic rabbits. Materials and 
methods: Male chinchilla rabbits were made diabetic by i.v. injection of di- 
thizone (35mg/kg b.w.). Control rabbits (C) were given vehicle alone. In a 
week after diabetes induction animals were randomised into two groups: one 
group acted as diabetic control (D) and other group received Ph (50 mg/kg 
per os) for 3 months. At the end of the study blood was sampled in a fasting 
state for analysis of glucose, plasma insulin, serum total cholesterol (TC), 
LDL-C, HDL-C, triglycerides (TG), NEFA and lipid hydroperoxides (LHP). 
PON activity was measured in serum using paraoxon as a substrate. Results: 
Administration of Ph decreased basal hyperglycaemia (7.7±0.2 vs D; 
15.6±1.7; C: 4.2±0.2 mmol/1, p<0.01) and increased plasma insulin (p<0.02) 
in comparison with diabetic controls. The treatment with Ph elevated HDL-C 
by 49 %, diminished LDL-C by 28 % and TG by 27 % compared to D-group 
(all p<0.02). Ph provided also reduction in TC by 15 % (p<0.05) and NEFA 
by 45 % (p<0.02) in comparison with diabetic controls. In addition, the use 
of Ph was associated with decrease in LHP levels (p<0.02 vs D-group) and 
enhancement of PON activity (59.0±1.1 vs D: 37.6±2.2; C: 81.0±2.1 U/l, 
p<0.01). Conclusions: These findings suggest that Ph exerts antiatherogenic 
effect due to improvement of glycaemic control, lipid profile and activation 
of antioxidant defence in diabetic rabbits. Thus the use of Ph may have im¬ 
plications in prevention of diabetic macrovascular complications. 
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STIMULATION OF BLOOD FLOW BY C-PEPTIDE IN PATIENTS 
WITH TYPE 1 DIABETES 

K Ekberg, B-L Johansson and J Wahrcn, Department of Surgical 
Sciences, Karolinska Institutet, Stockholm, Sweden 
Background and Aims. Proinsulin C-peptide binds to cell membranes, 
activates a G-protein coupled membrane receptor and Ca 2 *depcndent 
intracellular signal transduction, resulting in activation of eNOS in 
endothelial cells. Infusion of C-peptide to type 1 diabetes patients 
increases blood flow to the kidneys, the skin and exercising muscle. This 
study is intended to examine the effect of C-peptide on forearm blood 
flow (FBF) and its concentration dependency. 

Material and Methods. In a double blind randomized study we 
measured FBF, using venous occlusion plethysmography, during i.v- 
infusion of recombinant human C-peptide or placebo at three different 
rates (1,5 and 25 pmol/kg/min) for 60 min each in 10 type 1 diabetes 
patients. The patients were studied on two different occasions. 

Results. Basal FBF was 22.0±2.0 ml/min/L and increased significantly 
during C-pcptide infusion (ANOVA P<0.001). During infusion at the 
lower rale C-peptide concentrations rose to 0.3±0.1 nM and FBF 
increased by 15±3% above basal (P<0.00l). When the C-peptide 
concentration rose to 1.1 ±0.1 nM during the intermediate rate infusion 
FBF, increased further to 25±6% above basal (P<0.005). FBF did not 
show a significant further increase during the high rate infusion, despite 
C-peptide concentrations of 7.6±0.3 nM. Thus, FBF rose in response to 
C-peptidc in a concentration-dependent manner in the interval 0-1 nM 
but not at higher concentrations. The results arc consistent with the 
previously reported C-peptide binding characteristics for isolated cells, 
indicating saturation of binding already at approximately 0.9 nM. It is 
concluded that in type 1 diabetes patients, C-peptide stimulates FBF in a 
concentration-dependent manner in the low nanomolar concentration 
range. 
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Folate treatment improves endothelial function in hypertensive and insulin 
resistant patients. 

E. SctoJa, A. Palloschi, G. Fragasso, LD. Monti, G. Valsecchi, EP. Sandoli, E. 
Galluccio, G. Pozza, PM. Piatti, A Margonato. IRCCS H. San RafFaele, Milan, Italy 

Background and Aims: Endothelial dysfunction and high homocysteine levels are 
correlated with cardiovascular disease and essential hypertension. In particular, high 
homocysteine levels are associated with impaired peripheral endothelium-dependent 
vasodilation. Several studies suggest that folic acid or B vitamins supplementations 
are able to decrease homocysteine levels and possibly to reduce cardiovascular risk. A 
link between endothelial dysfunction and the metabolic alterations typical of the 
Insulin Resistance Syndrome (IRS) has been previously demonstrated. However, little 
is known about the ability of folic acid plus vitamin B12 supplementation to improve 
both endothelial function and metabolic features of IRS. To this aim, we studied 16 
patients (age 66.5±1.9 >ts; BMI 27.610.7 kg/m2) with essential hypertension, 
impaired fasting glucose according to ADA classification, hyperinsulinaemia, 
hypertriglyceridaemia- 

Materiab and Methods: A double blind randomized one month cross-over study 
with folic acid (5 mg/day) plus vitamin B12 (500 pg/day) or placebo was performed. 
Basal, post-ischaemic and post-nitrate forearm blood flow were evaluated by venous 
occlusion plethysmography and blood samples were withdrawn to measure metabolic 
parameters. 

Results: Compared to placebo, folic acid plus vitamin B12 treatment significantly 
decreased homocysteine levels (10.910.8 vs 17.2±2.0 pmol/1; p<0.01), mean blood 
pressure (10412 vs lll±3 mmHg; p<0.05) and forearm basal (37.9±2.4 vs 49.214.9 
U; p<0.05) and post-ischaemic vascular resistance (28.812.8 vs 37.112.7 U, p<0.05) 
while a significant increment in post-ischaemic forearm blood flow (4.00t0.28 vs 
3.1610.17 ml/100 ml/min; p<0.02) was observed. On the contrary, no differences 
were found on endothelium-independent nitrate-mediated vasodilation. Interestingly, 
no changes in blood glucose (10S±4 vs 11115 mg/dl; NS), insulin (18.212.7 vs 
19.012.3 pU/ml; NS), HOMA index (5.010.8 vs 5.310.7; NS) and triglyceride levels 
(215125 vs 243132 mg/dl; NS) were seen. 

Conclusions: Folic acid plus vitamin B12 supplementations were able to improve 
endothelium-dependent vasodilation independently from modification of the main 
features of IRS in these patients at high risk to develop cardiovascular disease. 
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Increased pulse wave velocity in healthy offspring of patients with type 2 
diabetes 

OD. McEleavy, R.W. McCallum, S.J. Cleland, M. Small and J M.C. Connell. 
Department of Medicine & Therapeutics, University of Glasgow, UK. 

Background and Alms: Pulse wave velocity (PWV) is a simple non-invasive 
measurement of large artery structure and function. It is determined, in part, by 
arterial stiffness and vascular endothelial function. It increases with age and has been 
shown to correlate with cardiovascular risk. Healthy offspring of patients with type 2 
diabetes have been shown to exhibit several features of the metabolic syndrome 
including insulin resistance and endothelial dysfunction. The aim of this study was to 
test the hypothesis that PWV would be increased in a group of offspring of diabetic 
patients (offspring) compared with a well-matched control group with no family 
history of type 2 diabetes (controls). 

Materials and Methods: Offspring (q= 20(M=S,F“12)) were recrpitCd via contact 
with patients attending the Diabetes Clinic. Controls (n-*20(Kl*8,F=12}) were 
recruited from hospital staff. Carotid-radial PWV was measured using COMPLIOR 
(Colson, France). Analysis of data was performed by an investigator blinded to 
subject status. Blood pressure and heart rate were measured in triplicate and blood 
was taken for measurement of metabolic and endothelial parameters. All 
measurements were made in a fasting, resting and supine state. 

Results: Offspring and controls were well matched (mean{SDJ) for age (33.1(9.6) v 
32.8{9.5}}ts), body mass index (24.8(4.9) v 24.3{3.4}kg , m2), waist circumference 
(78.3(2.3) v 76.3(2.5}cm), systolic blood pressure (120(9.3) v 119(14.2}mmHg), 
pulse pressure (52(10.5) v 53.5(9.3)mmHg) and resting heart rale (71(8.7) v 
69(14.0)b/min). Pulse wave velocity was significantly higher in the offspring 
(9.94(1.3)m/sec) compared with controls (9.01 (1.2)m/sec) (p=0.02). 

Conclusions: Carotid-radial PWV was 10% higher in hcahhy offspring of patients 
with type 2 diabetes compared with a control group which was tightly matched for 
sex, age, body mass index, blood pressure and heart rate. This suggests that vascular 
dysfunction, possibly in the form of increased arterial stiffness and endothelial 
dysfunction, is present from an early stage in subjects at higher risk of developing the 
metabolic syndrome. PWV may be a simple non-invasive measurement of vascular 
function in the early assessment of subjects at risk for developing metabolic and 
cardiovascular disease. 
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INCREASE IN FLOW MEDIATED DILATATION BY CERIVASTATIN 
Myrup B, Penild H, Tuxen C, Faber J and Vibe-Petersen J. Depts of 
internal medicin, Bispebjerg and Frederiksberg Hospital, Denmark. 
Background and alms: Flow-mediated dilatation (FMD) is reduced 
in type 2 diabetes. Statin treatment has a remarkable effect on 
cardiovascular morbidity and mortality in diabetic patients with 
Ischemic heart disease. The aim of the present study was to 
investigate the effect of cerivastatin on flow-mediated dilatation in 
type 2 diabetic patients with average lipid levels. Materials and 
Methods: 24 type 2 diabetic patients without ischemic heart disease 
and with average levels of blood lipids were investigated in a 
randomised, cross-over, controlled open-labeled study. FMD of the 
right brachial artery was examined using a high-frequency ultrasound 
device (Siemens Sonoline ®, 10 MHz) along with 5 min ischemia and 
nitroglycerin as control. Measurements were perfomed off-line by a 
blinded observer. After baseline measurements the patients were 
treated with cerivastatin or continured standard treatment Three 
months later the patients switched treatment according to the cross¬ 
over design. Results: FMD was reduced at baseline compared to an 
age- and sexmatched control group (3.7(0.7)% vs. 13.5(1.2)%) 
(mean.SEM). FMD was 6.7(1.2)% after cerivastatin compared to 2.1 
(0.6)% after standard treatment (p<0.001). The response to 
nitroglycerin was not changed by cerivastatin(13.2(1.2)% vs. 
13.2(0.9)%). Total cholesterol was 4.0 (0.14) mmol/1 after cerivastatin 
and 4.8 (0.17) mmol/l after standard treatment (p<0.000001) white 
HDL-chotesterol did not change (1.05 (0.07) mmol/l vs. 1.07 (0.06) 
mmol/l. Conclusions: cerivastain partially restores vascular wall 
function measured as flow mediated dilatation. This seems not to be 
explained by an effect at the smooth musclo cell level but is best 
explained by an improvement In endothelial function. 
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OBESE WOMEN ARE INSULIN RESISTANT BUT HAVE NORMAL 
ENDOTHELIAL FUNCTION 

R. Bergholm, S. Vehkavaara, M. Titkkaincn, M. Tamminen, K. Teramo 
and II. Yki-Jurvincn. University of Helsinki, Helsinki, Finland 
Background and aims: Obesity or the associated insulin resistance increases 
the risk of developing type 2 diabetes and its vascular complications. 
Endothelial dysfunction has been suggested to precede, co-occur or be a 
consequence of insulin resistance. We performed invasive measurements of in 
vivo endothelial function and insulin sensitivity in a large group of obese (BMI 
28-35 kg/m 2 ) women and non-obese women. 

Material and methods: 51 obese (age 3S±1 yrs.. BMI 32±1 kg/m 2 ) women 
and 25 non-obese women (age 41±3 yrs., BMI 23±1 kg/m 2 ) were studied. 
Endothelial function was assessed from forearm vasodilatory responses to intra¬ 
arterial infusions of the endothelium-dependent vasodilator acetylcholine, ACh 
(7.5 and 15 ug/min) and the endothelium-independent vasodilator sodium 
nitroprusside, SNP (3 and 10 ug/min). Insulin sensitivity was measured using 
the euglycemic insulin clamp technique (rate of insulin infusion 1.0 
mU/kg-min). 

Results: The obese women had higher diastolic blood pressure (82±1 mmllg 
vs. 74±2 mmHg, obese vs. non-obese, p<0.0001), serum triglycerides (1.510.1 
mmol/1 vs. 1.110.1 mmol/1, p<0.05) but lower HDL cholesterol (1.210.1 
mmol/1 vs. 1.7101 mmol/1, p<0.0001) than the non-obese women. The obese 
were clearly more insulin resistant than the lean ones: fasting insulin (1011 
mU/1 vs. 511 mU/1 p<0.0001), fasting glucose (10211 vs. 9511, p<0.01) were 
higher in the obese women and whole body glucose uptake was markedly 
reduced (2.510.1 mg/kg min vs. 5.710.4 mg/kg min, p<0.0001 for obese vs. 
lean respectively). Vasodilatory responses to low (9.61.0.6 vs lO.Oil.O 
ml/dl min, obese vs. non-obese, NS) and high (12.3±0.7 vs 11.9±1.0 ml/dl min, 
NS) doses of ACh and to low (8.5±0.3 vs 8.5±0.5 ml/dl min, NS) and high 
(11.8±0.5 vs. 12.0±1.0 ml/dl min, NS) doses of SNP w ere identical betw een the 
groups. Conclusions: This large group of obese women had normal endothelial 
function despite insulin resistance. TTiese data suggest that insulin resistance 
precedes endothelial dysfunction rather than vice versa in obesity. 
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Distinct impact of insulin on vascnlar reactivity to angiotensin II and 
norepinephrine stimulation. 

Z.M. Zhu, S.J.Zhu, L.J. Wang. Department of Hypertension and Endocrinology, 
Daping Hospital, Third Military Medical University, Chongqing, P.1LChina 

Background and Aims: The action of insulin's vasodilation was observed by 
numerous studies although hypcrinsulinacmia caused the sympathetic activation and 
facilitated angiotensin II ( Ang II) action. We proposed that paradox effect of insulin 
on vascular reactivity may be related to different vasoconstrictors and endothelium 
status. 

Materials and Methods: The thoracic aorta was prepared from male Wistar rat. 
Vascular reactivity on aortic rings was measured using an isometric force transducer. 
The aortic rings were equilibrated in Krebs-Henseleit buffer for 60 minutes and 
resting tension was set to 2 gramm. In some experiments, the endothelium was 
mechanically removed. 

Results: A dose response curve to insulin (10, 30, 50 pU/ml) was tested in the 
presence of Ang II (10-6 mol/1 ) and norepinephrine ( NE, 10-7 mol/1 ). In the 
presence and absence of endothelium, insulin inhibited Ang U induced 
vasoconstriction in dose-dependent manner. Vascular reactivity to Ang 11 stimulation 
was significantly diminished in the aortic ring with intact endothelium ( Insulin 50 
pU/ml: 0.19±+0 04 vs 0.4&H0.05 gramm, P<0.01) ). Contrary to Ang II, a dose- 
dependent inhibitory effect of insulin on vascular reactivity to NE stimulation was not 
observed in the either presence or absence of endothelium. NE response was not 
changed by intact or denuded endothelium ( Insulin 50 pU/ ml: 0.80*0.08 vs 
0 9810.06 gramm, P >0.05 ). 

Conclusions: It concluded that the effect of insulin on vascular reactivity was 
depended on agonists used. Endothelium status had a marked impact on Ang II, 
whereas no effect could be observed using NE in the presence of high concentration 
of insulin ( Supported by NSFC 39725013). 
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ASSESSMENT OF 8-iso PCF2»lpfe» INVOLVEMENT IN THE 
ENDOTHELIAL DYSFUNCTION ASSOCIATED W ITH TYPE 1 DIABETES 

C.V. Usher, M.T. Cooney, R.McHugh and A.K. Keenan. Dept of Pharmacology, 
Conway Institute of Biomolecular and Biomedical Research, University College 
Dublin, Dublin 4, Ireland. 

Background and Aimi: Oxidative stress is involved in the vascular endothelial 
dysfunction associated with diabetes mcllitus. The isoprostancs are prostaglandin-like 
compounds formed as products of free radical-catalysed lipid peroxidation, and are now 
emerging as potential markers of oxidative stress in human vasculature. One such 
isoprostane, 8-iso PGF2alpha, has recently been shown to be a potent vasoconstrictor in a 
range of vascular tissues. We have previously demonstrated that urinary levels of 8-iso 
PGF2aJpha in diabetic rats (streptozotocin, STZ-induced) are increased three fold, when 
compared with non-diabetic controls. The aim of the present study was to characterise 
effects of estimated plasma 8-iso PGF2a!pha concentrations (0.3 uM) corresponding to the 
elevated levels in diabetic urine (3 uM), on vascular relaxation in non-diabetic and diabetic 
rat aorta Materials and Methods: Rats were given a single i.p. dose of STZ (60 mg/kg) 
and hypergfycaemia confirmed by measurement of blood glucose levels. Endothelium- 
dependent relaxations (EDR) of isolated aortic rings (mediated by acetylcholine, ACh) 
were measured in tissues pre-contracted with phenylephrine (PE) and maximal percentage 
relaxations (Rmax), relative to 30 uM ACh, were recorded. In separate experiments, 
contractions to 8-iso PGF2alpha were measured. Results: 8-iso PGF2alpha produced 
concentration-dependent contractions of rat aorta. When rings were pre-incubaicd with 
0.3 uM 8-iso PGF2alpha for 60 min, EDR were significantly impaired (Rmax control 76.1 
± 3.2% vs pre-incubaied 46.2 ± 3.4%; p<0.0001). When 8-iso PGF2a!pha was washed out 
prior to measurement of EDR, Rmax did not differ from that seen in untreated aorta, but 
was significantly different from that in tissues pre-incubated without washout, p<0.0001 
(Rmax untreated 63.6 ±3.4% vs washed out 56.9 ± 3.6% vs non washed out 36.2 ± 2.9%). 
When diabetic tissue was pre-incubated with 8-iso PGF2a3pha, Rmax was not significantly 
different from that seen when non-diabetic tissue was similarly treated. Conclusions: 8-iso 
PGF2aIpha, at a concentration adjusted to reflect that found in diabetic plasma, caused 
significant endothelial dysfunction in non-diabctic rat aorta. This dysfunction was similar 
in extent to that seen in diabetic tissue and 8-iso PGF2aIpha did not cause further 
dysfunction in diabetic tissue. It is possible therefore, that increased circulating levels of 
8-iso PGF2alpha in diabetic vasculature, contribute to the endothelial dysfunction seen in 
diabetes. 
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Effects of Acute Hyperglycemia on Platelet Activation In Type 2 Diabetes. 

C. LaIIi,M. Dc Angelis, M. Ciofetta, G. Guglielmini, S. Cifeni, P. Gresele and G.B. 
Bolli. DIM1, University of Perugia, Italy. 

To establish the risk of acute, transient hyperglycemia (10 on thrombotic events in 
vivo in Type 2 DM (T2DM), 12 T2DM patients on diet and/or oral drugs (age 60±2 
years, DM duration 7±1,2 years, BMI 2910.5 kg/h2, HbAlc 7.12±0.2%) were studied 
on 2 occasions at euglycemia (E) (-100 mg/di) or H (plasma glucose, PG, -250 
mg/di) for 4 h (randomized, cross-over, double blind study, hyperinsulinemic-E or -H 
clamp technique). Shear stress-induced platelet activation, plasma von Willebrand 
factor (vWF) antigen and RiCof, urinary ll-dehydroTxB2, bleeding time and 
appearance of activation antigens (P-Selcctin) on the surface of platelets in the 
bleeding time blood, were measured before, and at end of E and H studies. Plasma 
insulin was supcrimposable in E and H studies (-180 pmol/1). Expression of P- 
selectin increased afler H (post vs pre: 1st min-* 4 2.7± 14.7%, 2nd 
min--+87.U22.2%, 3rd min-137.4±45.6%, p<0.05), not after E (p-NS). Shear-stress 
induced greater platelet activation after H (closure time = 49.2±1.9 sec vs 41.5H.7, 
p=0.0012; platelet retained 20-40 sec = 81.9±3.5% vs 87.1 ±3.2%, p-0.0002)). not E 
(p=NS). Plasma v\VF:Ag increased after H (pre 100.4110.5%, post 144.3±13%, 
p<0.0023) as well as vWF:RiCof (pre 81.9±6.7, postl24.5± 17.33, p=0.043), but not 
after E. Urinary H-dehydroTxB2 increased tiring H, not E (p=0.02). Conclusions: in 
T2DM in reasonably good glycemic control, short-term hyperglycemia induces 
activation of platelets exposed to high shear stress in vitro (filtration method) or in 
vivo (bleeding time). Platelet activation is also reflected by increased urinary 
excretion of 1 l-dcydroTxB2, likely related to increased vWF. Thus, acute 
hyperglycemia and moderate hyperinsulincmia, closely mimicking the post-prandial 
situation, may increase the risk for vascular occlusions by facilitating platelet 
activation, even in well controlled T2DM patients. 



A 325 


1247 

DIABETIC PLATELETS ARE LESS SENSITIVE TO ACETVLSAL1CVLIC ACID 
(ASITRLNX)-THE POSSIBLE ROLE OFGLYCAEMIC CONTROL 
C Watah, Nt Rtizalski, J. Golariski, B. Wi^cbwda, A. Kropiwnicka', and J. 012^0615', Laboratory 
cf Haemostatic LXvrdbz, 1 Diahdology ad Gcetroatcrdo^ Dqxrtmat, Mcdicd Untixrsity cf Lot, 
Poland 

Aspirin (acetykalicylic acid, ASA) is the most commonly used antiplatelet drug. It is most often 
nxommcixJcd in die prevention of platelet-derived tfirombosis in cardiovascular disease, also in diabetic 
patients. ASA is known to attenuate blood platelet reactivity by the irreversible inhibition of platelet 
cyclooxygenase. We are much less aware die ability of aspirin to non-selectivdy acetylate all susceptible 
amino and hydroxyl groups in a plethora of odier platelet and plasma proteins. Thus, a nonspecific 
acetylation competes with other nonenzymatic modifications of proteins in diabetes mellitus, like 
nonenzymatic glycosybtion: amino residues previously occupied by glucose are available fer 
acety lation. The susceptibility and or vulnerability of various surface membrane rcccptcrs on blood 
platelets to acetylation migjit underlie the apparently differentiated sensitivity of blood platelets to ASA 
and the so-called “aspirin resistance”. Objccthv: Our aim was to estimate die extent of decreased 
sensitivity of diabetic platelets to ASA and to monitor die relationship between the extent of protein 
glycation and the reduced platelet sensitivity to aspirin in patients with diabetes. Methods: We measured 
platelet ability to ailiere and aggregate in die presence of agonists acid and used platelet function 
analyzer (PFA-100™, Dade Behring), whole blood impedance aggregometry and plasma ticbidimetric 
aggregometjy to monitor platelet response induced by collagen, aiudiidonic acid and ADP in 20 normal 
healthy volunteers (46±12 yr) and 27 insulin-treated patients with type 2 diabetes mellitus (49±8 >r, 
HbAjc 9.8±2.9%). Poults: In majority of control subjects (74%) and mincrity (27%, ^0.015) of 
diabetic patients the intake of 150 mg ASA a day for 1 week reduced platelet adlicsivcncss aid 
reactivity, as reflected by die prolonged PFA-100™ collagen'epinephrine closure time (CEPI-CT) (up 
to 165112 s in diabetic vs. 259+11 s in control individuals, p< 0.05). Also platelet aggregation in whole 
blood and plasma became much less reduced in diabetic patients in response to ASA: 1C» was 
significantly higher in diabetic compared to control subjects (4.812.6 pg'ml >5.23+1.9 pg'ml, p< 0.05). 
The reduced response of diabetic platelets to ASA correlated with HbA k (p<0.05 or lower). 
Conclusions: We conclude dial one of the factors underlying die reduced response of diabetic platelets 
to die clinical doses of ASA might be die extent of protein glycation in diabetes mellitus. In diabetic 
patients suffering fiom chronic hyperglycaemia the occupancy of amino groups by glucose moieties 
might contribute to the moderate of stronger resistance of diabetic platelets to aspirin. Thus, higher doses 
of aspirin need to be considered in antiplatelct therapy and'er cardiovascular prevention in diabetes 
mellitus. Moreover, the differentiated response of individual diabetic patients to aspirin validates the 
necessity of the individual evaluation of efficient aspirin doses in clinical practice. 
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Regulation of PKCzeta and thromboxane A2 release in thrombin stimulated platelets 
R. Assert, A. *Bumbure, D. Scholten, *V. Pirags, A. F. H. Pfeiffer 
German Institute of Human Nutrition, Potsdam-Rehbrucke and Benjamin Franklin 
Hospital, FU Berlin; *P. Stradins, University hospital, Riga, Lettland; Med. Klinik und 
Poliklinik, Universitatsklinik Bergmannsheil Bochum 

Background and Aims: Protein kinase C (PKC)zeta binds to glut-4 and is involved in the 
glucose transport after stimulation with insulin. Since recent mice knockout experiments 
revealed that some aspects of insulin resistance are dependent on glucose transport 
PKCzeta may play an important role in the development of the metabolic dysregulation in 
type 2 diabetes mellitus. We have investigated die contribution of PKCzeta to die 
increased pro-aggregatory properties of platelets of patients with type 2 diabetes mellitus 
compared to control persons. Thromboxane was measured as a potent hormone of platelet 
aggregation. 

Materials and Methods: Platelets of patients with type 2 diabetes and control persons (n= 
6 respectively) were isolated by differential centrifugation. PKC extracts were separated 
into a cytosolic and a membrane fraction by a centrifugation at 100000 x g for 30 min. 
PKCzeta immuno blots were performed after treatment of equal numbers of platelets of 
patients and control persons with 1 U thrombin and without thrombin. Thromboxane B2 
(TXB2) as the stable analogue of thromboxane A2 which is released by platelets was 
measured by ELISA (R & D, Abingdon). Regulation of PKCzeta was inhibited by the cell- 
membrane permeable pseudosubstrate peptide of the PKCzeta regulatory domaine fused to 
myristic acid (pPKCzeta-myT). Statistical analyses were performed by Mann-Whitney U 
test 

Results: Thrombin stimulation of platelets for 5 min increased the TXB2 concentration 
from 105 +/- 15 pg/pl to 220 +/- 40 pg/pl (n = 6; p<0.05). This increase was completely 
abolished by co-incubation with pPKCzeta-myr. Incubation with pPKCzeta-myr alone had 
no effect on the basal thrombin release. Thrombin stimulation decreased die PKCzeta 
signal in immuno blots to nearly undetectable levels in the cytosol and membrane fraction 
(n=4). This regulation was seen in patients with type 2 diabetes and controls. Co- 
incubation of thrombin with pPKC-myr was able to antagonize the downregulation of the 
PKCzeta signal. 

Conclusions: PKCzeta increased the formation of thromboxane A2 after stimulation of 
platelets. The regulation of the PKCzeta protein was unusual since its downregulation was 
die result of activation. PKCzeta is necessary for thromboxane release and but no 
differences between control persons and patients with type 2 diabetes were found 



